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Foreword (This foreword is not part of American National Standard INCITS 550-2023.)
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Information technology — Small computer system
interface (SCSI) —

Part 346:
Zoned Block Commands - 2 (ZBC-2)

1 Scope

Thig standard defines the model and command set extensions to facilitate operation of zoned blo¢k’devices.
The clauses in this standard, implemented in conjunction with the applicable clauses of SPC+6@nd SBC-5,
spdcify the standard command set for zoned block devices.

2 Normative references

Thg following documents, in whole or in part, are normatively referenced in.this’document and are indispensable
for [ts application. For dated references, only the edition cited applies. Foruindated references, the latest editig
of the referenced document (including any amendments) applies.

T1Q/BSR INCITS 546, SCSI Architecture Model - 6 (SAM-6) (planned as ISO/IEC 14776-416)
T1Q/BSR INCITS 557, SCSI/ ATA Translation - 5 (SAT-5) (unider national consideration)
T1Q/BSR INCITS 566, SCSI Primary Commands - 6 (SPC-6) (planned as ISO/IEC 14776-456)
T10/BSR INCITS 571, SCSI Block Commands - 5 (SBE-5) (planned as ISO/IEC 14776-325)

>
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3 Definitions, symbols, abbreviations, and conventions

3.1 Definitions

3.1.1 access pattern requirements
requirements, in addition to requirements in SBC-5, that apply to read operations, verify operations, and write
operations performed by the device server in a zoned block device

3.1.2 activate
caupe a write pointer zone to become an active zone

3.1 active zone
writg pointer zone that has a Zone Condition other than INACTIVE

3.1.44 additional sense code
conjbination of the ADDITIONAL SENSE CODE field and the ADDITIONAL SENSE CODE QUALIFIERfield in sense data

Note 1 to entry: See SPC-6.

3.1.6 application client
objgct that is the source of SCSI commands

Notg 1 to entry: See SAM-6.

3.1.6 byte
8-bif construct

3.1J7 cache
temporary data storage area that is capable of containing.a subset of the logical block data stored by the logical
unitland is either volatile or non-volatile

Notg 1 to entry: See 4.13.

Note 1 to entry: See 4.5.3.2.3.

3.1.p command
reqliest describing a unit.of.work to be performed by a device server

Notg 1 to entry: See SAM-6.

3.1.10 command'déscriptor block (CDB)
structure usedto communicate commands from an application client to a device server

Note 1 to-entry: See SPC-6.

3.1.[11conventional zone
zone that is not associated with a write pointer

Note 1 to entry: See 4.5.2.

3.1.12 deactivate
cause a write pointer zone to become an inactive zone

© ISO/IEC 2024 - All rights reserved
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3.1.13 device server
object within a logical unit (see 3.1.28) that processes SCSI commands according to the rules of command
management

Note 1 to entry: See SAM-6.

3.1.14 ending LBA
highest numbered LBA of a command

3.1.45fi

grolip of one or more contiguous bits, a part of a larger structure
Note 1 to entry: Examples of larger structures are a CDB (see 3.1.10) and sense data (see SPC-6).

3.1./16 finish zone operation
devjce server process that results in the Zone Condition becoming FULL

Note 1 to entry: See 4.5.3.2.4.

3.1./17 format operation
progess by which a device server initializes the medium in a logical unit

Notg 1 to entry: See 4.10.

3.1./18 gap zone
zong in which all of the LBAs are incapable of storing user data

Notg 1 to entry: Gap zones enable the alignment of the starting LBAs)of zones that are capable of storing use

data (e.g., as described in 4.2.4.1 and 4.9).
Notg 2 to entry: See 4.5.4.

3.1.19 hard reset
conflition resulting from the events defined by SAM-6-during which the SCSI device performs the hard reset
operations described in SAM-6, this standard, and ether applicable command standards

3.1.20 host aware zoned block device
logigal unit that implements the host awarezoned block device model

Notg 1 to entry: See 4.2.2.

3.1.21 host managed zoned block'device
logigal unit that implements thé host managed zoned block device model

Note 1 to entry: See 4.2.3.

3.1.22 inactive zone
write pointer zone“that has a Zone Condition of INACTIVE

3.1.23 L_T nexus
relafionshipbetween a SCSI initiator port and a SCSI target port

Notg ..to entry: See SAM-6.

3.1.24 logical block
set of data bytes accessed and referenced as a unit

Note 1 to entry: See SBC-5.

3.1.25 logical block access command
command that requests access to one or more logical blocks that may require access to the medium

Note 1 to entry: See SBC-5.
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3.1.26 logical block address (LBA)
value used to reference a logical block

Note 1 to entry: See SBC-5.

3.1.27 logical block data
user data and protection information, if any

3.1.28 logical unit

exte rnnlly addressable nnfity within 2 SCSI target device (an 31 AR) that imlnlpmpnfc a SCSI device madel

Not

3.1
dev

Not

3.1.
plun

3.1,
mat

3.1.
writ
writ

Not

341
cac

3.1
zon

3.1
dev

341
zon

Not

341
zon

Not
resq

3.1,

b 1 to entry: See SAM-6.

29 manage open zone resources operation

ce server process that determines the availability of open zone resources
b 1 to entry: See 4.5.3.2.8.

30 media
al of medium

31 medium
erial that is not cache on which data is stored (e.g., a magnetic disk)

32 non-sequential write operation
b operation performed on a write pointer zone for which the lowestLBA for that operation is not equal to the
b pointer for that write pointer zone

b 1 to entry: See 4.5.3.3.2.

B3 non-volatile cache

he that retains logical block data through any power ¢ycle

B4 open zone

e with a Zone Condition of EXPLICITLY OPENED,0r IMPLICITLY OPENED

85 open zone operation

ce server process that results in thé Zone Condition becoming EXPLICITLY OPENED

36 open zone resources

e resources that are available-only to an open zone
b 1 to entry: See 4.5.3(1°3:

PB7 persistent zoneresources

e resources thatpersist across all condition changes or SCSI events (see SAM-6) including a power on

P 1 to entry\For a zone in any Zone Condition other than IMPLICITLY OPENED or EXPLICITLY OPENED, all zone
urces are\persistent zone resources.

38.physical block

—

Se

f data bytes accessed as a unit by the device server (see SBC-5)

3.1.39 power cycle
sequence of power being removed followed by power being applied to a SCSI device

3.1.40 power on
condition resulting from the events defined by SAM-6 during which a SCSI device performs the power on
operations described in SAM-6, this standard, and other applicable command standards
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3.1.41 protection information
group of fields at the end of each logical block or at specified intervals within each logical block that contain a

logi
Not

cal block guard, an application tag, and a reference tag
e 1 to entry: See SBC-5.

3.1.42 read command
command that requests read operations

3.1 f.’i.:ea.d.np,eza.tmn
readl operation as described in SBC-5 with the additional requirements described in this standard

3.1.44 realm

—

se
Not

3.1.45 realm attribute

na
Not

attri

Not

341

Not

3.1.47 sanitize operation

pro

data from the cache and the medium is not possible

Not

SC
ma

SC#$I initiator devices

Not

341
con

Not

3.1.50 sequential-or before required zone
writg pointerzone in which the device server allows write commands that specify a starting LBA that is less tha

or

Notg .10 entry: See 4.5.3.5.

3.1.

J46 reset write pointer operation
dev

3.1f8 SCSI target device

J9 sense key

bf zone ranges, each in a different zone domain, and an indicated relationship among those zone(ranges
b 1 to entry: See 4.2.4.6.

ed property associated with a realm

b 1 to entry: In the absence of other conditions or actions (e.g., actions by the application client), realm
butes do not affect the operation of the zone condition state machine.

e 2 to entry: See 4.4.

ce server process that results in the write pointer being set to the-ldwest LBA of the write pointer zone
b 1 to entry: See 4.5.3.2.5.

ess by which a device server alters information on ajlogical unit such that recovery of previous logical blog

e 1 to entry: See 4.11.

| device containing logical units and SCSI target ports that receives device service requests and task
agement requests for processing ahd'sends device service responses and task management responses t

b 1 to entry: See SAM-6.

ents of the SENSE KeYAi€ld in the sense data
b 1 to entry: See-SPC-6.

ual te,that zone's write pointer

e

51 sequential write preferred zone

write pointer zone in which the device server allows write operations that specify a lowest LBA that is within the

Zon

e but is not equal to the zone's write pointer

Note 1 to entry: See 4.5.3.3.
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3.1.52 sequential write required zone
write pointer zone in which the device server requires that the lowest LBA for a write operation be the LBA
indicated by the zone's write pointer

Note 1 to entry: See 4.5.3.4.

3.1.53 starting LBA
lowest numbered LBA of a command

3.1.
varipble that exists within the context of a state machine

Note 1 to entry: A state machine variable may contain status from one state that is used in another state.of thg
sanje state machine.

Notge 2 to entry: The value contained in a state machine variable may affect subsequent state transitions or state
maghine outputs.

3.1.65 status
one|byte of response information that contains a coded value defined in SAM-6, transferred from a device servg
to anp application client upon completion of each command

Notg 1 to entry: See SAM-6.

=

3.1.56 Trusted Computing Group
orgdnization that develops and promotes open standards for hardware-enabled trusted computing and security
technologies

Note 1 to entry: See https://www.trustedcomputinggroup.org.

3.1.67 unit attention condition
statp that a logical unit (see 3.1.28) maintains while the logical unit has asynchronous status information to repo
to thhe SCSI initiator ports associated with one or more \ T nexuses (see 3.1.23)

Notg 1 to entry: See SAM-6.

—

3.1.568 unmet prerequisite
reqliirement that, as a result of its not being met, prevents the successful performing of a zone activation
opefation (see 4.5.3.2.7)

Notg 1 to entry: Unmet prerequisites are indicated by bits in the parameter data (see 5.11.3.1) returned by a
conmmand (e.g., the NOT EMPTY bit)\as described in 4.5.3.2.7.2.

3.1.59 user data
data contained in logical blecks that is accessible by an application client and is neither protection information nd
othgr information that@ay not be accessible to the application client

=

3.1.60 verify command
command thatrequests verify operations

3.1.61 verify operation
verify(operation as described in SBC-5 with the additional requirements described in this standard

3.1.62 volatile cache
cache that does not retain logical block data between power cycles

3.1.63 write command
command that requests write operations

3.1.64 write operation
write operation as described in SBC-5 with the additional requirements described in this standard

© ISO/IEC 2024 - All rights reserved
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3.1.65 write pointer
pointer to a logical block in a write pointer zone where the next write operation in that zone should start

Note 1 to entry: See 4.5.3.1.

3.1.66 write pointer zone
zone that has an associated write pointer

Note 1 to entry: See 4.5.3.

3.1,
one|of a set of disjoint contiguous ranges of LBAs that comprise a logical unit

Notg 1 to entry: See 4.5.

3.1.68 zone activation operation
opefation that manages active zones and inactive zones

Notg 1 to entry: See 4.5.3.2.7.

3.169 zone attribute
nanped property associated with a zone

Notg 1 to entry: This standard assumes that all zone attributes (see 4.3) are zdné'resources regardless of hov
the device sever maintains the defined information.

Notg 2 to entry: In the absence of other conditions or actions (e.g., actions by the application client), zone
attriputes do not affect the operation of the zone condition state machine.

Notg 3 to entry: See 4.3.

3.1.J70 zone domain
zong range in which all of the zones are able to be active.zores at the same time

Notg 1 to entry: See 4.2.4.2.

3.1f71 zone ID
lowgst LBA of a zone

3.1J72 zone range
conjiguous set of zones specified by a zone ID and a non-zero integer number of zones

3.1.J73 zone resources
devjce server resources that are used by a zone

Note 1 to entry: This standard defines open zone resources and persistent zone resources.

3.1.J74 zoned blocK device

hosf aware zoneddblock device, host managed zoned block device, or domains and realms zoned block device
Notg 1 to entry) 'See 4.2.

3.1.75 Zoned maximum address

maximom LBA as indicated by the MAXIMUM LBA field (see 5.8.2) returned by the REPORT ZONES command
Note 1 to entry: See 4.8.
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3.2 Symbols and abbreviations

3.2.1 Abbreviations

Abbreviations used in this standard:

Abbreviation Meaning

CDB command descriptor block

EBA togicatblock-address

LSB least significant bit

MSB most significant bit

n/a not applicable

SAM-6 SCSI Architecture Model - 6 (see clause 2)
SAT-5 SCSI / ATA Translation - 5 (see clause 2)
SBC-5 SCSI Block Commands - 5 (see clause 2)
SCSI Small Computer System Interface family of standards
SPC-6 SCSI Primary Commands - 6 (see clause 2)
TCG Trusted Computing Group (see 3.1.56)
VPD Vital product data

3.2.2 Mathematical operators

Mathematical operators used in this standard:

Mathematical

Operators Meaning

A or XOR exclusive logical OR
X multiplication

/ division

+ plus or minus

+ add

- subtract

AND logical AND

<orlLT less/than

<orLE less than or equal to
=or EQ equal

#or NE not equal

> orGT greater than

Xof GE greater than or equal to

3.3 Keywords

3.3.1 invalid
keyword used to describe an illegal or unsupported bit, byte, word, field, or code value

Note 1 to entry: Receipt by a device server of an invalid bit, byte, word, field, or code value shall be reported as
error.

© ISO/IEC 2024 - All rights reserved
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3.3.2 mandatory
keyword indicating an item that is required to be implemented as defined in this standard

3.3.3 may
keyword that indicates flexibility of choice with no implied preference

3.3.4 may or may not
keyword that indicates flexibility of choice with no implied preference

Note_1_ta entry: Qigniﬁr‘nnf uses of "mny ar may not" occurin dnerriptinnq where attention is hping drawn ta th
not" case.

obsolete
ord indicating that an item was defined in prior SCSI standards but has been removed from this§tandard

option, optional
ords that describe features that are not required to be implemented by this standard

1 to entry: If any optional feature defined by this standard is implemented, then it shall be implemented 4
ihed in this standard.

[

prohibited
ord used to describe a feature, function, or coded value that is defined.if-a non-SCSI standard (i.e., a

is standard.
Notg 2 to entry: Recipients are not required to checkreserved bits, bytes, words, or fields for zero values.
Notg 3 to entry: Receipt of reserved code valugs’in defined fields shall be reported as an error.

3.3.P restricted
keyword referring to bits, bytes, words, ‘and fields that are set aside for other identified standardization purpose

[

Notg 1 to entry: Arestricted bit, byte; word, or field shall be treated as a reserved bit, byte, word, or field in the
confext where the restricted designation appears.

3.3.10 shall

keyword indicating a mandatory requirement
Notg 1 to entry: Designers are required to implement all such mandatory requirements to ensure interoperabiliy
with other products that conform to this standard.

3.3./11 should
keyWord indicating flexibility of choice with a strongly preferred alternative

3.3.12vendorspecific

something (e.g., a bit, field, code value) that is not defined by this standard

Note 1 to entry: Specification of the referenced item is determined by the SCSI device vendor and may be used
differently in various implementations.
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3.4 Editorial conventions

Certain words and terms used in this standard have a specific meaning beyond the normal English meaning.
These words and terms are defined either in the glossary or in the text where they first appear.

Upper case is used when referring to the name of a numeric value defined in this specification or a formal
attribute possessed by an entity. When necessary for clarity, names of objects, procedure calls, arguments
or discrete states are capitalized or set in bold type. Names of fields are identified using small capital letters
(e.g., OPERATION CODE field).

Quantities having a defined numeric value are identified by large capital letters (e.g., CHECK CONDITION).
Quantities having a discrete but unspecified value are identified using small capital letters (e.g., OFFLINE js.@

valde of the Zone Condition zone attribute). Such quantities are associated with an event or indication Whose

obsgrvable behavior or value is specific to a given implementation standard.

Lists sequenced by lowercase or uppercase letters show no ordering relationship between the listed items.
EXAMPLE 1 - The following list shows no relationship between the named items:

a) red (i.e., one of the following colors):
A) crimson; or

B) amber;
b) blue;or
c) green.

Lists sequenced by numbers show an ordering relationship between the listed items.
EXAMPLE 2 -The following list shows an ordered relationship between th€)named items:
1) top;

2) middle; and
3) bottom.

Lists are associated with an introductory paragraph or-phrase, and are numbered relative to that paragraph or

phrase (i.e., all lists begin with an a) or 1) entry).
If a ponflict arises between text, tables, or figures, the order of precedence to resolve the conflicts is:

1) text;
2) tables; and
3) figures.

Not|all tables or figures are fully(described in the text.
Notgs and examples do not-constitute any requirements.

Notgs are numbered consecutively throughout this standard.

3.5|Numeric 'and character conventions

3.5.1 Numeric conventions

Ab' b, H ool o €S . o £ oot H <l £ 1 +lo A |
Mary TiuimiveTl To TOPTTOTITTITU TIT UNTTo otdrniudru vy dily oUCUYUTTIVLT UT UTyito CUTTIPTTOTU UT UTITy UTC ATAauvic TIiuricrd

o

0 and 1 immediately followed by a lower-case b (e.g., 0101b). Underscores or spaces may be included in binary

number representations to increase readability or delineate field boundaries (e.g., 0 0101 1010b or
0_0101_1010b).

A hexadecimal number is represented in this standard by any sequence of digits comprised of only the Arabic

numerals 0 to 9 and/or the upper-case English letters A to F immediately followed by a lower-case h (e.g.,

FA23h). Underscores or spaces may be included in hexadecimal number representations to increase readability

© ISO/IEC 2024 - All rights reserved
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or delineate field boundaries (e.g., 3456FDCA 84BD5E7Ah, 3456FDCA_84BD5E7Ah, B FD8C FA23h, or
B_FD8C_FA23h).

A decimal number is represented in this standard by any sequence of digits comprised of only the Arabic
numerals 0 to 9 not immediately followed by a lower-case b or lower-case h (e.g., 25).

Vari

ables (i.e., alphanumeric names that represent values in computations and other statements) are

represented in the same San-serif font as other information in this standard.

This standard uses the following conventions for representing decimal numbers:

Tab

A decimal number represented in this standard with an overline ovér one or more digits following the decimal

poir
and

A3
in th
(eg
3.5.

This

repfesented by the following formats:

a) the decimal separator (i.e., separating the integer and fractional portions of the number) is a period;
b) the thousands separator (i.e., separating groups of three digits in a portion of the number) is a space;
c) the thousands separator is used in both the integer portion and the fraction portion of a number;and
d) the decimal representation for a year is 1999 not 1 999.

e 1 shows some examples of decimal numbers using various conventions.

Table 1 — Numbering conventions

French English This standard
0,6 0.6 0.6
3,141 59265 | 3.14159265 3.141 592 65
1000 1,000 1000
1323462,95 | 1,323,462.95 1323 462.95

t is a number where the overlined digits are infinitely repeating (e.g., 666.6 means 666.666 666... or 666 2/3,
12.142 857 means 12.142 857 142 857... or 12 1/7).

nge of numeric values is represented in this standard\in the form “a to z”, where a is the first value included
e range, all values between a and z are included-in‘the range, and z is the last value included in the range
., the representation “Oh to 3h” includes the values Oh, 1h, 2h, and 3h).

2 Units of measure

standard represents values using both decimal units of measure and binary units of measure. Values are

a) for values based on decimal units of measure:
1) numerical value (e.g., 100);
2) space; and
3) prefix symboland unit:
1) decimal prefix symbol (e.g., M) (see table 2); and
2) unijt\abbreviation (e.g., B);

and

b) for values based on binary units of measure:
1)' numerical value (e.g., 1 024);

2) space; and

3) prefix symbol and unit:
1) binary prefix symbol (e.g., Gi) (see table 2); and
2) unit abbreviation (e.g., b).
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Table 2 compares the prefix, symbols, and power of the binary and decimal units.

Table 2 — Comparison of decimal prefixes and binary prefixes

Decimal Binary
Prefix name | Prefix symbol (bzz‘;vili)) Prefixname | Prefix symbol (::sv:;)
kilo k 1038 kibi Ki 210
mega M 10° mebi Mi 240
giga G 10° gibi Gi 230
tera T 1012 tebi Ti 240
peta P 101° pebi Pi 250
exa E 108 exbi Ei 260
zetta z 10?1 zebi Zi 2"
yotta Y 10%4 yobi Yi 280

3.6

In th
bits
con
in th

In &
the

tham the element to the right.

If a
sign
bytg
eac

In &
sign
bit 7
labg
eigh

In a

a degscriptor), therelis’no MSB and LSB of the field itself and thus there are no MSB and LSB labels. Each

indi
In a
cha

Bit and byte ordering

is standard, data structures may be defined by a table. A table defines a complete ordering of elements (i.e},
bytes, fields, and dwords) within the structure. The ordering of elements within a table does not in itself
Strain the order of storage or transmission of the data structure,*but in combination with other normative text
is standard, may constrain the order of storage or transmission of the structure.

table, any element that is presented in a row above andther element in a lower row is more significant tham
ower element, and any element presented to the left of another element in the same row is more significar

—

fable shows bit numbering (see table 3), theleast significant bit (LSB) is numbered 0 and each more
ificant bit has the next greater number than'the immediately less significant bit. If a table shows numbering g
s or characters (see table 4), the most significant byte or character is represented at the lowest number and
h less significant byte or character liasthe next greater number than the immediately more significant byte

—

field in a table consisting of mote than one bit that contains a single value (e.g., a number), the least
ificant bit (LSB) is shown onrthe right and the most significant bit (MSB) is shown on the left (e.g., in a byte],
is the MSB and is shown(onthe left, bit 0 is the LSB and is shown on the right). The MSB and LSB are nof
led if the field consists(of,eight or fewer bits. The MSB and LSB are labeled if the field consists of more tha|
t bits and has no intérnal structure defined.

-

field in a table consisting of more than one byte that contains multiple fields each with their own values (e.g},

Vidual field-has'an MSB and LSB, but they are not labeled.

field containing a text string (e.g., ASCII or UTF-8), only the MSB of the first character and the LSB of the lagt
facter'\are labeled.

Mul

iple’ byte fields are represented with only two rows, with the non-sequentially increasing byte number

denoting the presence of additional bytes.
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A data dword consists of 32 bits. Table 3 shows a data dword containing a single value, where the MSB is on the
upper left in bit 31 and the LSB is on the lower right in bit 0.

Table 3 — Example of ordering of bits and bytes within a data dword

Bit
Byte 7 6 5 4 3 2 1 0
(MSB)

0 Bit34 Bit 30 Bit 29 Bit28 Bit 27 Bit 26 Bit 25 Bit-24

L Bit 23 Bit 22 Bit 21 Bit 20 Bit 19 Bit 18 Bit 17 Bit.16

p Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

B Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
(LSB)

Note - The Bit x labels in the individual table cells are for reference only and should not appear within tables
that use this element format.

Table 4 shows a data dword containing four one-byte fields, where byte 0 (the-first byte) is on the left and byte 3

(the| fourth byte) is on the right. Each byte has an MSB on the left and an LSB™0n the right.

Table 4 — Example of ordering of bits and bytes within an element dword

Bit
Bylte 7 6 5 4 3 2 1 0
First-byte
P Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
(MSB) (LSB)
Second byte
| Bit 7 Bit 6 Bit'5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
(MSB) (LSB)
Third byte
P Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
(MSB) (LSB)
Fourth byte
B Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
(MSB) (LSB)
Note »The Bit x labels in the individual table cells and the xx byte labels in the individual bytes are for
reference nnI\J/ and-should not appear within tables that use these element formats In this nvnmpln
the MSB and LSB labels are for reference only, however, they may appear in multi-byte fields as
described in this subclause (i.e., 3.6).
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3.7 Notation for state diagrams

All state diagrams use the notation shown in figure 1.

B4:State 4

- >
B1:State 1 B2:State 2
v
)
g
B3:State 3
J

Figure 1 — Example state diagram

Eagh state is identified by a state designator and a state name. The state designator (e.g., B1) is unique amonp
all gtate machines in this‘standard. The state name (e.g., State 1) is a brief description of the primary action take|
during the state, and.the same state name may be used by other state machines. Actions taken while in each
statp are described'in/the state description text.

=]

Trafsitions between states are shown with solid lines, with an arrow pointing to the destination state.

Thel conditions and actions are described fully in the transition description text.

Tranrsitions between states are instantaneous.

Upon enfry info a state, all actions 1o be processed in that state are processed. Tf a state is re-entered from itself,
all actions to be processed in the state are processed again. A state may be entered and exited in zero time if the
conditions for exiting the state are valid upon entry into the state.

© ISO/IEC 2024 - All rights reserved
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4 Zoned Block Device Model

4.1 Zoned Block Device model overview

4.1.1 Established SCSI concepts

Table 5 lists established SCSI concepts that apply to zoned block devices.

Table 5 —Zoned block device model concepis (part 4 of 2)
\F 7

Concept 2 Reference
Zoned block device models 4.2
Zone attributes 4.3
Realm attributes 4.4
Zone type models 4.5

Error reporting

4.5.3 and SBC-5

Zoned block device extensions to block device model 4.6
Capacity reporting and LBAs out of range 4.8
Constant zone starting LBA values 4.9

Format operations

4.10 and SBC-5

Sanitize operations

4.11 and SBC-5

Reservations

4.12, SPC-6, and SBC-5

Caches

413

Pseudo unrecovered errors

4.14 and SBC-5

Storage element depopulation @and restoration operations that modify data

4.15.1 and SBC-5

Storage element depopulation with zone modifications

4.15.2 and SBC-5

Background scan operations SBC-5
Deferred microgode activation SBC-5
Grouping funetion SBC-5
Implicithead of queue command processing SBC-5
Ibitialization SBC-5
Media examples SBC-5
Medium defects SBC-5

subclauses not listed in this table.

@ Except for host managed zoned block devices, zoned block devices may support any concept or
model defined in SBC-5. Host managed zoned block devices should not support SBC-5 model

© ISO/IEC 2024 - All rights reserved
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Table 5 — Zoned block device model concepts (part 2 of 2)

Concept ? Reference
Logical blocks SBC-5
Physical blocks SBC-5
Protection information model SBC-5
Ready state SBC-5
START STOP UNIT and power conditions SBC-5
Write and unmap failures SBC-5
Write protection SBC-5
@ Except for host managed zoned block devices, zoned block devices may support\any concept or
model defined in SBC-5. Host managed zoned block devices should not support SBC-5 model
subclauses not listed in this table.

4.1.2 Peripheral device type and supported commands

Zoned block devices indicate their primary model using the PERIPHERAL DEVICE TYPE field in the standard
INQUIRY data (see SPC-6). Peripheral device type of:

a) 14h indicates a host managed zoned block device (see4.2:3); and
b) 00h (i.e., direct access block device) indicates:

A) a host aware zoned block device (see 4.2.2); of:

B) a domains and realms zoned block device (see 4.2.4).

Apqlication clients may use the contents of the PERIRHERAL DEVICE TYPE field as an indication of what command
may be supported by the device server, as follows:

a) 00h indicates that command supportirequirements are defined in SBC-5 and this standard (see table 6
and
b) 14h indicates that command support requirements are defined in this standard (see table 7).

Additional information may be available in the ZONED BLOCK DEVICE EXTENSION field in the Zoned Block Device
Ch3gracteristics VPD page (see.6.5.2).

Forlcommands that are unique to zoned block devices (see table 19), support requirements are shown in table

© ISO/IEC 2024 - All rights reserved
16

[<2]


https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

4.2

4.2.

Zon

ISO/IEC 14776-346:2024(en)

Zoned Block Device models

1 Zoned Block Device models introduction

ed block device models described in this standard are as follows:

a) host aware zoned block device (see 4.2.2);
b) host managed zoned block device (see 4.2.3); and
c) domains and realms zoned block device (see 4.2.4).

Zonfed block devices are accessed using LBAs. The LBAs are divided into ranges called zones (see 4.5). The
entife capacity of a zoned block device is organized into a set of logically contiguous, non-overlapping zenes.
re 2 shows a zoned block device with n zones and m LBAs where LBA 0 is the lowest LBA of zone 0-and

Fig
LBA

Eag
REH

m—1 is the highest LBA of zone n—1.
Zone 0 1 n=1
LBA 0 1 m-1

Figure 2 — Zones in a zoned block device

h zone of a zoned block device has an associated zone type (see 4.5). Zoned block devices support the

PORT ZONES command (see 5.8) for reporting the zone type and other information for each zone.
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Table 6 defines the characteristics of zoned block devices defined in this standard.

Table 6 — Requirements of zoned block devices

Host aware Hostmanaged | Domains and

zoned block zoned block realms zoned
Characteristic Reference device device block device
Command support 412 See ing\_g and See table 7 See EI;(C\—(Zand
PERIPHERAL DEVICE TYPE field value 412 00h 14h 00h
ZONED BLOCK DEVICE EXTENSION
field value in the Zoned Block Device 6.5.2 1h Oh 2h
Characteristics VPD page
Cpnventional zone 452 Optional Optional Not supported
Sequential write preferred zone 4533 Mandatory Not supported Optional @
Skequential write required zone 4534 Not supported Mandatory Optional @
Skquential or before required zone 4535 Not supported Not supported Mandatory
Gap zone 454 Not supported see 4.2.3 Optional
CLOSE ZONE command 5.2 Mandatory Mandatory Mandatory
FINISH ZONE command 5.3 Mandatory Mandatory Mandatory
OPEN ZONE command 54 Mandatory Mandatory Mandatory
s%l\éﬁ:\\/(Ez%L[\jE&E;LAmga d 5.5 Optional Optional Optional
REPORT REALMS command 5.6 Not supported Not supported Optional
REPORT ZONE DOMAINS command 5.7 Not supported Not supported Mandatory
REPORT ZONES command 5.8 Mandatory Mandatory Mandatory
RESET WRITE POINTERcommand 5.9 Mandatory Mandatory Mandatory
SEQUENTIALIZE ZONE command 5.10 Mandatory Not supported Optional b
ZPNE ACTIVATE-command 511 Not supported Not supported Mandatory
ZPNE QUERY command 512 Not supported Not supported Mandatory

P The'device server shall support one or more of the following types of zones:
a) sequential write preferred zones; or

b) sequential write required zones.

b |f the device server supports sequential write preferred zones (see 4.5.3.3), then the SEQUENTIALIZE
ZONE command (see 5.10) is mandatory.
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4.2.2 Host aware zoned block device model

A host aware zoned block device reports:

a) the PERIPHERAL DEVICE TYPE field set to 00h (i.e., direct access block device) (see SPC-6); and
b) the ZONED BLOCK DEVICE EXTENSION field set to 1h in the Zoned Block Device Characteristics VPD page
(see 6.5.2).

Host aware zoned block devices:

G) IIIGy oupp\.ﬂ L OUNIveTIiuauridadl £ZUriCo \OCC 'r.\J.L},

b) shall support one or more sequential write preferred zones (see 4.5.3.3);
c) shall not support sequential write required zones (see 4.5.3.4);

d) shall not support sequential or before required zones (see 4.5.3.5); and
e) shall not support gap zones (see 4.5.4).

Capacity reporting requirements are defined in 4.8.

—

In addition to primary commands (see SPC-6) and commands for direct access block devices (see SBC-5), hos
awdre zoned block devices shall support the commands specified in table 6.

4.2.3 Host managed zoned block device model

A hgst managed zoned block device reports:

a) the PERIPHERAL DEVICE TYPE field set to 14h (i.e., host managed zoned block device) (see SPC-6); and
b) the ZONED BLOCK DEVICE EXTENSION field set to Oh in the Zoned(Block Device Characteristics VPD pagé¢
(see 6.5.2).

Hogt managed zoned block devices:

may support conventional zones (see 4.5.2);

shall not support sequential write preferred zones(see 4.5.3.3);

shall support one or more sequential write requiired zones (see 4.5.3.4); and
shall not support sequential or before requiréd zones (see 4.5.3.5).

o 0O T o
= — = =

If the ZONE ALIGNMENT METHOD field (see 6.5.2)is!

a) set to 8h, then the host managed:Zone block device may support gap zones (see 4.5.4) as described ip
4.9; and
b) not set to 8h, then the host.managed zone block device shall not support gap zones.

Capgacity reporting requirements are defined in 4.8.
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Table 7 lists the commands for host managed zoned block devices.

Table 7 — Commands for host managed zoned block devices (part 1 of 2)

Command Operation Type LBACT Reference
code

ATA PASS-THROUGH (12) A1h ) n/a SAT-5
ATAPASS-THROUGH (16) 85h (@) n/a SAT-5
CUOSE ZONE 94h/01h M z 52
FINISH ZONE 94h/02h M z 5.3
FORMAT UNIT 04h ) z SBC-5 and 4.10
FQRMAT WITH PRESET 38h ) z SBC-5 and 4.10
INQUIRY 12h M nfa SPC-6
LOG SELECT 4Ch ) n/a SPC-6
LAOG SENSE 4Dh M n/a SPC-6
MODE SELECT (10) 55h M n/a SPC-6
MQODE SENSE (10) 5Ah M n/a SPC-6
OFPEN ZONE 94h/08h M z 54
PERSISTENT RESERVE IN 5Eh ) n/a SPC-6
PERSISTENT RESERVE OUT 5Fh @) n/a SPC-6
READ (16) 88h M R SBC-5
READ BUFFER (10) 3C ) n/a SPC-6
READ BUFFER (16) 9Bh ) n/a SPC-6
READ CAPACITY (16) 9Eh/10h M n/a SBC-5and 4.8
READ DEFECT DATA (12) B7h ) n/a SBC-5
REMOVE ELEMENTAND MODIFY ZONES 9Eh/1Ah ) z 55
REMOVE ELEMENT AND TRUNCATE 9Eh/18h 6] z SBC-5
REPORT<LUNS AOh M n/a SPC-6
RERORT SUPPORTED OPERATION CODES A3h/0Ch M n/a SPC-6
Key:

O = optional V = verify command

M = mandatory W = write command

R =read command Z = other command

U = unmap command LBACT = logical block access command

type (see SBC-5)
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Table 7 — Commands for host managed zoned block devices (part 2 of 2)

Command Operation Type LBACT Reference
code

ESEg'ﬁBEJLSJPPORTED TASK MANAGEMENT A3h/0Dh M n/a SPC-6
REPORT TIMESTAMP A3/0Fh ] n/a SPC-6
REPORT ZONES 95h/00h M z 5.8
REQUEST SENSE 03h M n/a SPC-6
RESET WRITE POINTER 94h/04h M z 59
RESTORE ELEMENT AND REBUILD 9Eh/19h @) z SBC-5
SANITIZE 48h ) z SBC-5 and 4.11
SECURITY PROTOCOL IN A2h 6] nfa SPC-6
SECURITY PROTOCOL OUT B5h 6] n/a SPC-6
SHEND DIAGNOSTIC 1Dh @) n/a SPC-6
SHT TIMESTAMP A4h/OFh o) n/a SPC-6
START STOP UNIT 1Bh M n/a SBC-5
SYNCHRONIZE CACHE (16) 9th M W SBC-5
THST UNIT READY 00h M n/a SPC-6
VHERIFY (16) 8Fh ) Vv, W SBC-5
WRITE (16) 8Ah M W SBC-5
WRITE BUFFER 3Bh ) n/a SPC-6
WRITE LONG (16) 9Fh/11h @] z SBC-5 and 4.14
WRITE SAME (16) 93h M uw SBC-5
Kqy:

O = optional V = verify command

M = mandatory W = write command

R = read.command Z = other command

U = unmap command LBACT = logical block access command

type (see SBC-5)

4.2 Y Bomains-andreaims—zoned-block-devicemodel
4.2.4.1 Domains and realms zoned block device model overview

A domains and realms zoned block device reports:

a) the PERIPHERAL DEVICE TYPE field set to 00h (i.e., direct access block device) (see SPC-6); and
b) the ZONED BLOCK DEVICE EXTENSION field set to 2h in the Zoned Block Device Characteristics VPD page
(see 6.5.2).
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Domains and realms zoned block devices:

a) shall not support conventional zones (see 4.5.2);
b) shall support one or more of the following types of zones:
A) sequential write preferred zones (see 4.5.3.3); or
B) sequential write required zones (see 4.5.3.4);
c) shall support one or more sequential or before required zones (see 4.5.3.5); and
d) may support gap zones (see 4.5.4).

Capacity reporting requirements are defined in 4.8.

In addition to primary commands (see SPC-6) and commands for direct access block devices (see SBC-5);

!

donpains and realms zoned block devices shall support the commands specified in table 6.

Zon
allo
of n
dev

The
abil

The

do

The
a c(

Corn
des

4.24.2 Zone domains

A zq
IDi
Zon

Zone t is the first zoné-ih the Zone domain shown in figure 3 and the lowest LBA in Zone t is the lowest LBA of

the
the

co:[lmand (see 5.7), and the ZONE QUERY command (see 5.12) pravides current indications of what zone

e domains and realms enhance the basic zoned block device model (see 4.2.1) to define a mechanism that
vs an application client to manage contention for certain SCSI device resources in a way thatisyndependent
any details about those SCSI device resources. Two or more zone domains (see 4.2.4.2) represent the SC$I
ce resources for which an application client is able to manage contention.

SCSI device resources for which contention management is provided include, but.are not limited to, the
ty to store logical block data. The contention for SCSI device resources is managed by having:

a) some zones be active zones (i.e., able to use the SCSI device resource in contention); and
b) the remaining zones be inactive zones (i.e. unable to use the SCSI device resource in contention).

REPORT ZONES command (see 5.8), REPORT REALMS command-(see 5.6), REPORT ZONE DOMAINE

ains and zone types are available for the application client to ghoese to make active zones.

ZONE ACTIVATE command (see 5.11) may activate a zone¥ange in one zone domain and may deactivatg
rresponding zone range in one or more different zone domains.

hmands that specify LBAs (e.g., read commands andwrite commands) in inactive zones are processed as
Cribed in 4.5.3.1.5 and 4.5.3.1.6.

=)

ne domain (see figure 3) is a zone range that is identified by a zone domain ID (see table 8). A zone domai
5 assigned by the device server starting at zero and incrementing by one.The zone range that constitutes th
e domain shown in figure 3:

D

1) starts with Zone t, follewed by Zone t+1, Zone t+2, and Zone t+3;
2) continues for zero or more zones; and
3) ends with Zone x=3;-followed by Zone x-2, Zone x-1 and Zone x.

one domainZone X is the last zone in the Zone domain shown in figure 3 and the highest LBA in Zone x is
highest LBApf'the Zone domain.

Zone domain

Lowest | Zone | Zone | Zone | Zone Zone | Zone | Zone | Zone |Highest
LA rS P | 1.0 F s} g 2 (o) 4 LA
| ==} U LA | L LS ATI AN AT Ay [ ="/

Figure 3 — Zone domain
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Table 8 — Zone domain ID values

Code Description

00h to F7h | Zone domain ID values

F8hto FEh | Reserved

FFh No zone domain ID specified

All the zones in a single zone domain shall be capable of being active zones at the same time.
Eagh zone that is capable of being activated shall be included in one and only one zone domain.
Twaq different zone domains may have:

a) different numbers of zones; and
b) different numbers of LBAs.

Figyre 4 shows an example of a device server that supports two zone domains with:

1) Zone domain 0:
A) starting with Zone a and ending with Zone b; and
B) containing:
a) LBAO as the lowest LBA in Zone domain 0; and
b) LBAm as the highest LBA in Zone domain 0;
2) zero or more gap zones (see 4.5.4) that separate Zone domain/0 from Zone domain 1, with
A) LBA m+1 as the lowest LBA of the lowest gap zone, if-any; and
B) LBA p-1 as the highest LBA of the highest gap zonejif any;
and
3) Zone domain 1:
A) starting with Zone y and ending with Zone zyand
B) containing:
a) LBAp as the lowest LBA in Zone defdain 1; and
b) LBAT as the highest LBA in Zone domain 1.

Zone domain 0 Zone domain 1
A~ A~
Zone | Zone Zone | Zone Zone | Zone Zone | Zong
[ N N ] [ N N ]
] a+1 b-1 b gap y y+1 z-1 z
LBA LBA zones | BA LBA
0 m p f

Figure 4 — Example of two zone domains

4.2.4.3 Zone domain 0

A dpmains.and’realms zoned block device shall have one zone domain with LBA 0 as its lowest numbered LBA.
That zonedomain is identified as zone domain 0.

As (leseribed in 4.8, the highest LBA in zone domain 0 establishes the value returned in the RETURNED LOGICAL
BLOCK ADDRESS field in the READ CAPACITY (16) parameter data.

At the time of manufacture, a domains and realms zoned block device shall have a zone domain 0 that contains
only sequential or before required zones (see 4.5.3.5) that have a Zone Condition of FULL.
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4.2.4.4 Zone domains other than zone domain 0

For zone domains other than zone domain 0, the device server shall support accesses (e.g., reads and writes)
that specify LBAs that are greater than the contents of the RETURNED LOGICAL BLOCK ADDRESS field in the READ
CAPACITY (16) parameter data (see SBC-5 and 4.8).

The LBAs in the zones in zone domains other than zone domain 0 are:

a) greater than the value in the RETURNED LOGICAL BLOCK ADDRESS field; and
b) less than or equal to the zoned maximum address

4.2.4.5 Zone activation

=

A SI?CCGSS]CUI ZONE ACTIVATE command (see 5.11) that specifies a zone range to be activated activates one ¢

mote zones and deactivates zero or more zones. A successful ZONE ACTIVATE command that specifies a zong
range to be deactivated activates zero or more zones and deactivates one or more zones.
Thel smallest zone range processed by a ZONE ACTIVIATE command or a ZONE QUERY\command (see 5.13)
is:
a) one zone, if the AAORB bit (see 6.5.2) is set to zero (see example in figure.5);,and
b) all the zones in one zone realm, if the AAORB bit is set to one (see example in figure 8).
Figudre 5 shows an example of the before and after conditions for a ZONE ACTIVATE command that is processed
with the AAORB bit set to zero.
Before activation of zones a, b, and ¢
Zone
Domain
0
Zone \$\"
Domain / / / /al, %) /bl [cl / / / /
1 B
After activation
Zone
Domain / / /
0
Zone ¥
1 D
Key active /inactive/
zone /zone/

Figure 5 — Example of zone activation with the AAORB bit set to zero
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4.6 Realms

Combined with zone domains (see 4.2.4.2), realms form a matrix (see figure 6) that provides applications clients
with a set of choices for which zones are active. In figure 6, zone domain 0 contains LBA 0 (see 4.2.4.3) and
each realm contains more than one zone. Figure 3 describes how zones are contained within zone domains.

Eadh realm shall contain at least one zone.

Regims associate characteristics with:

EXAMPLE - Figure 7 shows a configuration in which oné\zohe domain uses conventional recording in sequential or before
required zones (see 4.5.3.5) and one zone domain uses shingled magnetic recording in sequential write required zones
(sedq 4.5.3.4). In this configuration, the domains and‘tealms zoned block device allows a host to modify which realms store

logi

shingled magnetic recording.

Realm 0 Realm 1 Realm 2 see Realmr

Zophe Domain 0

LN

Zope Domain 1

LN LN

Zone Domain z

Figure 6 — Realms model

a) zone domains (e.g., zone type, recording technologdy; data transfer performance); and
b) realms (e.g., location on the media, data storage‘density, storage density performance).

al block data without the full effects of shingled-magnetic recording and which realms store logical block data using

Realms
r/\

——t——ttrrt

Zone Domain 0 — Conventional Recording

[N
oy

‘§ Zone Domain 1 — Shingled Magnetic Recording

Figtre 7 — Example of conventional and shingled recording technologies using two zone domains

The ZONE ACTIVATE command (see 5.11) modifies which zones are active zones within a contiguous set of

real

ms.

The result of processing a ZONE ACTIVATE command is that zones in one zone domain within a realm become
active zones at the same time as zones in a different zone domain within the same realm become inactive zones.

At any point in time, all the zones in one realm are active zones in only one of the zone domains associated with
that realm.

© ISO/IEC 2024 - All rights reserved
25


https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

Figure 8 shows an example of the before and after conditions for a ZONE ACTIVATE command that is processed
with the AAORB bit set to one (i.e., in the case where realm boundaries affect the processing of a ZONE
ACTIVATE command).

Before activation of all zones in one realm

Zone
Domain
0
realm boundaries —— 1
Zone
Domain / / / / / / / / / /
(
1 _
After activation
Zone
Domain / / / / /
0
k———— realm boundaries ———|
4
Zone D
Domain / / / /
1
Key active linactive/
zone /zone/
Figure 8 — Example of zoneactivation with the AAORB bit set to one

4.2 4.7 Realm boundary considerations

If the SRB bit (see 5.7.2) is set to zero-fora processed zone domain, then the processing of a ZONE ACTIVATH
command (see 5.11) shall not resultin any realm boundaries changing in that zone domain. If the SRB bit is set o
one|for a processed zone domalin, then updated realm boundary information is available from the REPORT
REALMS command (see 5,6) after a ZONE ACTIVATE command is processed to successful completion.

Chgnges in realm boundarty information may result in the RLM ALIGN bit (see 5.11.3) being set to one as an
unnpet prerequisite for-a@subsequent ZONE ACTIVATE command, unless the updated information provided by
a REPORT REAlMS/command is used to prepare that ZONE ACTIVATE command.

The realm starting LBAs and ending LBAs returned by a REPORT REALMS command shall not change unlesg
the device sever processes a ZONE ACTIVATE command, a FORMAT UNIT command (see SBC-5), or a
FORMAT WITH PRESET command (see SBC-5).
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4.3.1 Zone attributes summary

The zoned block device zone attributes are summarized in table 9.

Table 9 — Summary of zone attributes

rors Present

associated with logical blocks in the zone

Zone attribute Description Reference
Zopne Type Type of zone (e.g., CONVENTIONAL) 4.332
Zpne Condition Zone's operational characteristics 4.3.3
WPointer Combination of the write pointer (see 4.5.3.1) and whether the write 434
pointer is valid o
RWP Recommended Indication of whether the processing of a RESET WRITE POINTER 435
command (see 5.9) for this zone is recommended o
Npn-Sequential Write Indication of whether zone resources are allocated fornon-sequential 436
Resources Active write operations o
Pfedicted Unrecovered | Indication of whether predicted unrecovered efrors (see SBC-5) are 437
E 3.
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4.3.2 Zone Type zone attribute

The Zone Type zone attribute (see table 10) indicates the type of zone.

Table 10 — Zone Type zone attribute

Zone Type Reference
CONVENTIONAL 45.2
SEQUENTIAL WRITE PREFERRED 4.5.3.3
SEQUENTIAL WRITE REQUIRED 4534
SEQUENTIAL OR BEFORE REQUIRED 4.5.3.5
GAP 454

relationships between Zone Type and other zone attributes are shown in table 11-

Table 11 — Relationships between zone attributes

Other zone-attributes

Non-Sequential

Write Resources RWP Zone
Yone Type Recommended WPointer Condition

Write pointer zones &b‘é‘4.5.3)

(0.4
BEQUENTIAL WRITE PREFERRED
BEQUENTIAL WRITE REQUIRED see 4.3.5 see 4.5.3.1 see 4.3.3
and table 15

BEQUENTIAL OR BEFORE REQUIRED

. ()‘

)\\ Other zone types
» c ; id €
CONVENTIONAL false invalid NOT WRITE
AP false invalid POINTER

@ Zone resources fernon-sequential write operations are not allocated for a zone in which all
non-sequentialwrite commands are terminated with an error.
b Fora sequentialor before required zone (see 4.5.3.5), the values of zone attributes are required to be
compatiblé/with the direct access block device type defined in SBC-5.
¢ For a conventional zone (see 4.5.2), the values of zone attributes are required to be compatible with
the ditect access block device type defined in SBC-5.
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4.3.3 Zone Condition zone attribute

The Zone Condition zone attribute (see table 12) is determined by Zone Type (see 4.3.2) and the zone condition
state machine state (see 4.5.3.6).

Table 12 — Zone Condition zone attribute

Zone Type Zone condition state machine Reference | Zone Condition

A\ leita naotntar 2o [con 4 B 2\
Write-peirterzenes{see4-5-3)
N,

ZC1:Empty state 45.3.6.2 EMPTY
ZC2:Implicit_Open state 45.3.6.3 IMPLICITLY,©PENED
ZC3:Explicit_Open state 45364 EXPLICITLY OPENED

SEQUENTIAL WRITE PREFERRED ZC4:Closed state 45.3.6.5 GLOSED

ot

SEQUENTIAL WRITE REQUIRED ZC5:Full state 453,66 FULL
ZC6:Read_Only state 4:5:3:6.7 READ ONLY
ZCT7:0Offline state 45.3.6.8 OFFLINE
ZC8:Inactive 45.3.6.9 INACTIVE
ZC1:Empty state 45.3.6.2 EMPTY
ZC2:Implicit_Open state 45.3.6.3 IMPLICITLY OPENED
ZC5:Full state 45.3.6.6 FULL

SEQUENTIAL OR BEFORE REQUIRED
ZC6:Read (Only state 45.3.6.7 READ ONLY
ZC7:0Offline state 45.3.6.8 OFFLINE
ZE8:Inactive 45.3.6.9 INACTIVE

B Other zone types
R\
CPNVENTIONAL outside the scope of this standard 452 NOT WRITE
GAP outside the scope of this standard 4.5.4 POINTER

4.3.4 WPointer zone’attribute

For|write poifter zones (see 4.5.3), the WPointer zone attribute is the combination of the write pointer
(sel 4.5.3:1) and whether the write pointer is valid (see table 15).

If Z

rie~Type is CONVENTIONAL or GAP, then WPointer shall be invalid.

4.3.5 RWP Recommended zone attribute

For write pointer zones (see 4.5.3), if RWP Recommended is:

a) true, then the device server has determined (e.g., through the detection by the device server that the
zone is using too many resources) that the processing of a RESET WRITE POINTER command
(see 5.9) specifying this zone is recommended; or
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b) false, then the device server has no recommendation for or against the processing of a RESET WRITE
POINTER command specifying this zone.

RWP Recommended shall be set to false if:

a) the Zone Type is CONVENTIONAL or GAP; or
b) the Zone Condition is EMPTY, READ ONLY, OFFLINE, Or INACTIVE.

If RWP Recommended changes from false to true then the device server should establish a unit attention
condition for the SCSI initiator port (see SAM-6) associated with each I_T nexus with additional sense code set
to ZONERESETWRITEPOINTERRECO DEE P '
the gone ID of the zone for which RWP Recommended was set to true.

4.3.6 Non-Sequential Write Resources Active zone attribute

For|sequential write preferred zones (see 4.5.3.3), if Non-Sequential Write Resources Active is:

a) true, then the device server has zone resources allocated for the processing of nonisequential write
operations (see 4.5.3.3.2) in this zone; or

b) false, then the device server does not have zone resources allocated for the processing of
non-sequential write operations in this zone.

If a hon-sequential write operation is performed in a zone, then the device servermay set Non-Sequential Writ
Regources Active to true. The device server may set Non-Sequential Resources Active to false at any time if:

W

a) the write pointer does not indicate the lowest LBA in the zone; and
b) zone resources are no longer allocated for the processing of-nén-sequential write operations in this
zone.

If the write pointer indicates the lowest LBA in the zone and the device server has performed any non-sequential
write operations in a zone since the last time the Zone Condjtion was EMPTY, then Non-Sequential Resources
Active shall not be set to false until the write pointer does not indicate the lowest LBA in the zone.

Norl-Sequential Write Resources Active shall be set to-false if:

a) the Zone Type is CONVENTIONAL, GAP, SEQUENTIAL WRITE REQUIRED, Or SEQUENTIAL OR BEFORE REQUIRELD;

b) the Zone Condition is EMPTY, READ ONLY, OFFLINE, or INACTIVE; or

c) the device server has not performed,a non-sequential write operation in a zone since the last time the
Zone Condition was EMPTY.

4.3.7 Predicted Unrecovered Errors Present zone attribute

For|conventional zones (see 4:5.2), if Predicted Unrecovered Errors Present is:

a) true, then the zonre contains one or more logical blocks for which:
A) read command accesses result in predicted unrecovered read errors (see 4.15.2.3.2); and
B) write eommand accesses result in predicted unrecovered write errors (see 4.15.2.3.3);
or

b) false{then none of the logical blocks in the zone are affected by predicted unrecovered errors.

Preflicteditdnrecovered Errors Present may be changed to:

a)yHtrue by the processing of a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); and
b) talse by the processing of a RESTORE ELEMEN TS AND REBUILD command (see SBC-5).

If Predicted Unrecovered Errors Present is true, then read commands and write commands may report predicted
unrecovered errors in ranges of logical blocks as described in SBC-5.

Predicted Unrecovered Errors Present shall be set to false if the Zone Type is SEQUENTIAL WRITE REQUIRED,
SEQUENTIAL WRITE PREFERRED, SEQUENTIAL OR BEFORE REQUIRED, Or GAP.
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4.4 Realm attributes

4.4

.1 Realm attributes overview

The realm attributes are summarized in table 13.

Table 13 — Summary of realm attributes

Realm attribute Description Reference

Restrict Write Pointer Reset | Indication of whether the processing of a RESET WRITE

POINTER command (see 5.9) is restricted for all zones in 4.4.2
this realm
Restrict Zone Activate Indication of whether the processing of a ZONE ACTIVATE 443

command (see 5.11) is restricted for all zones in this realm

4.4,

If the Restrict Write Pointer Reset realm attribute is:

A cgmmand that initializes the media and performs a Reset Write Pointer operation (e.g., a FORMAT UNIT
command, or SANITIZE command) shall not performy¥a Reset Write Pointer operation for any zone in a realm

for

4.4,

If the Restrict Zone Activate realm attribute is:

R Restrict Write Pointer Reset realm attribute

a) true, then a RESET WRITE POINTER command (see 5.9) with the AlL)bit set to:
A) zero and a zone range that includes any zones in this realm is‘terminated with CHECK CONDITION
status, the sense code set to ILLEGAL REQUEST, and the additional sense code set to RESET
WRITE POINTER NOT ALLOWED; or
B) one does not perform a Reset Write Pointer operatiori(s€e 4.5.3.2.5) for any zone in this realm;
or
b) false, then the processing of a RESET WRITER POINTER command is not affected by the Restrict Write
Pointer Reset realm attribute.

vhich the Restrict Write Pointer Reset realm-attribute is true.

3 Restrict Zone Activate realm attribuate

a) true, then a ZONE ACTIVATE command (see 5.11) does not activate or deactivate any zones in this
realm; or

b) false, then the proCessing of a ZONE ACTIVATE command is not affected by the Restrict Zone Activat
realm attribute.

1%
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Zone type models

1 Zone type models overview

zoned block device, each zone:

a) has the zone attributes defined in 4.3; and
b) is one of the following zone types:
A) a conventional zone (see 4.5.2);

The
4.5,
4.5,

A cq
perf

4.5.

For
sha

The
ILLH
spe

4.5,
For

the
DAT

4.5.

4.5,

B) a gap zone (see 4.5.4); or

C) a write pointer zone (see 4.5.3) that is either:
a) a sequential write preferred zone (see 4.5.3.3);
b) a sequential write required zone (see 4.5.3.4); or
c) a sequential or before required zone (see 4.5.3.5).

coded values that indicate the zone type are shown in table 43.
2 Conventional zone model
2.1 Conventional zone model overview

nventional zone is a type of zone that is not associated with a write pointer,and for which the device serve
lorms operations as described in 4.5.2.2, 4.5.2.3, and SBC-5.

2.2 Write access pattern requirements for conventional zones
conventional zones, if the device server processes a write command for that zone, then the device server

| process that command as described in SBC-5.

device server shall terminate the command with CHECK CONDITION status, with the sense key set to
FGAL REQUEST, and the additional sense code setito WRITE BOUNDARY VIOLATION, if a write commanfd
Cifies:

a) a starting LBA that is in a conventionakzaone; and
b) access to a logical block that is in a‘different type of zone.

2.3 Read access pattern requirements for conventional zones

conventional zones, the device'server shall terminate the command with CHECK CONDITION status, with
sense key set to ILLEGALL REQUEST, and the additional sense code set to ATTEMPT TO READ INVALID
A, if a read command 0r a’ verify command specifies:

a) a starting LBACthat is in a conventional zone; and
b) access to alogical block that is in a different type of zone.

3 Write pointer zone models

3.1 Features common to all write pointer zones

4.5,

A write pointer zone is a type of zone that maintains a write pointer that indicates a location within that zone. The
write pointer may be modified as a result of processing of a write command. Depending on the state of a zone
(see 4.5.3.6), the write pointer for that zone may or may not be valid.

Each write pointer zone has one write pointer. That write pointer indicates the LBA that the application client
should specify in the LOGICAL BLOCK ADDRESS field of the next write command to that zone. The write pointer may
be set to the lowest LBA of a zone by a reset write pointer operation (see 4.5.3.2.5) for that zone.
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Each write pointer zone is in one of the states defined by the Zone Condition state machine (see 4.5.3.6).
The state of each zone is indicated by the Zone Condition (see 4.3.3) and affects the contents of the ZONE
CONDITION field in the data returned by the REPORT ZONES EXT command (see 5.8).

Read commands that complete without an error do not affect the write pointer.

Figure 9 shows a write pointer zone where no LBAs have been written since the last reset write pointer operation
for that zone.

fowesttBA [ towest LBA 1 fowestLBA+2 highesttBA
ﬂ%

write pointer

Key: Logical blocks that have not been written

Figure 9 — Write pointer zone and write pointer after reset write pointer operation with
no subsequent writes

Figdire 10 shows a write pointer zone where LBAs have:

a) been written since the most recent time the zone's Zone Condition was'EMPTY (i.e., LBAs less than thg

write pointer value); and
b) not been written since the most recent write command in this write)pointer zone (i.e., LBAs greater tha

or equal to the write pointer value).

-

lowest LBA highest LBA

- Ny

N
write pointer

Key: Logical blocks that havé been written

Logical blocks, thathave not been written

Figure 10 > Write pointer zone and write pointer
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The example in figure 11 shows the effects of application client actions on the write pointer as follows:

1)
2)

at time 1, the Zone Condition is EMPTY (i.e., the write pointer is set to the lowest LBA of that zone);
at time 2:

1) the Zone Condition becomes IMPLICITLY OPEN;

2) a write operation writes logical block data starting at that zone’s lowest LBA; and

3) the write pointer is set to the highest LBA written by the write operation plus one;

at time 3, a write operation:

1) writes logical block data that starts at the write pointer after time 2 and extends to the end of that

2) as a result, the Zone Condition becomes FULL; and
3) changes the write pointer to invalid;

and

at time 4:

1) areset write pointer operation sets the write pointer to the lowest LBA of that write pointer zone; and
2) the Zone Condition returns to being EMPTY.

Time 1 — Write pointer set to the lowest LBA of that zone

lowest LBA highest LBA

-
write pointer

-

Time 2 — A write operation increases the write pointer

lowest LBA highest LBA

[ 7)™

N
write painter

Time 3 — A write operation writes logical\block data to the end of that zone

lowest LBA «O highest LBA

~

3

P |

Time 4 — Reset writespointer operation sets the write pointer back to the lowest LBA of that zone

lowest LBA highest LBA

—
write pointer

Key:

v

X~ Logical blocks that have been written
oy

Logical blocks that have not been written since the most
recent time the zone's Zone Condition was EMPTY

Figure 11 — Write pointer zone example operations
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4.5.3.1.2 Resetting the write pointer

A reset write pointer operation (see 4.5.3.2.5) sets the write pointer in a write pointer zone to the lowest LBA of
that zone and sets that zone's Zone Condition to EMPTY. A reset write pointer operation:

a) may be requested by a SANITIZE command (see 4.11 and SBC-5); and
b) is requested by:

A) a RESET WRITE POINTER command (see 5.9);

B) a FORMAT UNIT command (see 4.10 and SBC-5); and

o0 CORMATAALTLIL ODOOCOCT i 440 Ao o
V) d T UINNVIAT VVTTTT T TNLOL T CUITHTIAITU (oTT 5. TU dllu VD UTJ ).

4.5.3.1.3 Open zone resources

Opgn zone resources are zone resources that are available only to an open zone. The usage of open-zone

resgurces is managed by the zone condition state machine (see 4.5.3.6) as described for the Zone)Conditions
EXPLICITLY OPENED and IMPLICITLY OPENED. Open zone resources may be volatile (e.g., open zone’resources maly
be ¢ached copies of persistent zone resources).

The scarcity of open zone resources is associated with zone type, and this scarcity affects how those open zong
resgurces are managed. The open zone resources for:

a) sequential write required zones (see 4.5.3.4) limit the number of sequential write required zones with
a Zone Condition of EXPLICITLY OPENED or IMPLICITLY OPENED allowed.at'any specific time, with the limit
indicated by the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field in the Zoned Block
Device Characteristics VPD page (see 6.5.2);

b) sequential write preferred zones (see 4.5.3.3) have an optiha)l humber of sequential write preferred
zones with a Zone Condition of EXPLICITLY OPENED or IMRLIEITLY OPENED allowed at any specific time,
with the limit indicated by the OPTIMAL NUMBER OF OPEN'SEQUENTIAL WRITE PREFERRED ZONES field in
the Zoned Block Device Characteristics VPD page;and

c) sequential or before required zones (see 4.5.3.5)ave no limits on the number of sequential or before
required zones with a Zone Condition of IMPLIGITLY OPENED.

The availability of open zone resources is determingd’by the manage open zone resources operation
(se¢ 4.5.3.2.8).
4.53.1.4 Initialization pattern

The initialization pattern used by a zoned block device is the logical block data set:

a) as the default initialization)pattern at the time of manufacture;
b) by the most recent FORMAT UNIT command (see SBC-5), if any; or
c) by the most recent SANITIZE command with the service action set to OVERWRITE (see SBC-5), if an.

4.53.1.5 Write access-pattern requirements common to all write pointer zones

Thel device server-shall terminate the command with CHECK CONDITION status, with the sense key set to
ILLEGAL REQUEST, and the additional sense code set to WRITE BOUNDARY VIOLATION, if a write commanf
spetifies:

a)"Ha starting LBA that is in a write pointer zone; and
b) access to a logical block that is In a ditferent type ot zone.

If a write command specifies the writing of one or more LBAs that are in a write pointer zone that has a Zone
Condition of READ ONLY, OFFLINE, or INACTIVE, then the device server shall terminate that command with CHECK
CONDITION status, with the sense key set to DATA PROTECT, and the additional sense code set to:

a) ZONE IS READ ONLY, if that Zone Condition is READ ONLY;
b) ZONE IS OFFLINE, if that Zone Condition is OFFLINE; and
c) ZONE IS INACTIVE, if that Zone Condition is INACTIVE.
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Write access pattern requirements that are specific to the WRITE LONG command (see SBC-5) are described in
414,

4.5.3.1.6 Read access pattern requirements common to all write pointer zones

The device server shall terminate the command with CHECK CONDITION status, with the sense key set to
ILLEGAL REQUEST, and the additional sense code set to READ BOUNDARY VIOLATION, if a read command
or a verify command specifies:

a) a starung LBAThat is In a write pointer zone; and
b) access to a logical block that is in a different type of zone.

If a fead command or a verify command specifies the reading of any LBA that is in a write pointer zone'that hag
a Zone Condition of INACTIVE and the URSWRZ bit (see 6.5.2) is set to:

a) zero, then the device server shall terminate that command with CHECK CONDITION status, with the
sense key set to DATA PROTECT, and the additional sense code set to ZONE IS INACTIVE; and
b) one, then the device server shall:
A) return logical block data set to the most recent initialization pattern that was'set as described in
4.53.1.4; and
B) not write any data for a read command, if any, that has the FUA bit set't0.0ne (see SBC-5).

If a Fead command or a verify command specifies the reading of one or more/LBAs that are in a write pointer
zong that has a Zone Condition of OFFLINE, then the device server shall terminate that command with CHECK
CONDITION status, with the sense key set to DATA PROTECT, and the additional sense code set to ZONE IS
OFFKLINE.
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4.5.3.2 Write pointer zone operations
4.5.3.2.1 Write pointer zone operations overview

The write pointer operations that are applicable to a device server for a zoned block device are summarized in
table 14.

Table 14 — Summary of write pointer zone operations

Operation Description Referency
Operations defined in this standard for write pointer zones (]Q(V
clpse zone operation Results in the Zone Condition becoming CLOSED 4)5.3.2.3
finish zone operation Causes subsequent reads that specify logical sectors in the
zone that have not been written since the last time the Zone 45324
Condition was EMPTY to return the initialization pattern U
(see 4.5.3.1.4) and results in the Zone Condition becoming FULL
manage open zone Limits the number of open zones, if required, by ¢losing a zone
. . » 453.2.8
repources operation with a Zone Condition of IMPLICITLY OPENED
ogen zone operation Results in the Zone Condition becoming EXPLICITLY OPENED 2 453.2.2
reget write pointer operation | Results in the Zone Condition becomihg EMPTY 45325
sgquentialize zone Releases zone resources allocated for processing of 453926
operation non-sequential write operatiéns’in a zone R
zgne activation operation Detects unmet prerequisites for zone activations and modifies 45327
the Zone Conditions of\izones being activated and deactivated T
Operations defined in SBC-5 an(é)r'r’k)\diﬁed by this standard for write pointer zones
%
repd operations Reads logijcal-block data stored in a write pointer zone or
initialization pattern (see 4.5.3.1.4)
45329
wijite operations Writes logical block data stored in a write pointer zone and may
result in the Zone Condition being IMPLICITLY OPENED 2
4 The zone condition state;machine (see 4.5.3.6) requires a manage open zone resources operation to be
performed before theZone Condition is changed to IMPLICITLY OPENED or EXPLICITLY OPENED.

4.5.3.2.2 Open zone’operation

Thel open zone/operation prepares a sequential write required zone (see 4.5.3.4) or sequential write preferred
zong (se€4.5.3.3) for writing (e.g., by allocating any open zone resources associated with that zone).

Pridr to)performing an open zone operation, the zone condition state machine (see 4.5.3.6) requires the devicd
server to:

1) perform a manage open zone resources operation (see 4.5.3.2.8); and
2) not perform that open zone operation if the OZR Available state machine variable (see 4.5.3.6.1) is set to
FAILURE.

For a sequential write required zone or sequential write preferred zone, the result of a successful open zone
operation is the Zone Condition becoming EXPLICITLY OPENED.
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If an open zone operation is performed on:

a) a sequential write required zone or a sequential write preferred zone with a Zone Condition of EXPLICITLY
OPENED; or
b) a sequential or before required zone (see 4.5.3.5),

then that operation has no effect and shall not be considered to be an error.

4.5.3.2.3 Close zone operation

A sliccessful close zone operation annuls any preparations made for writing an open sequential write required

zon
res(

For

resllts in the following becoming non-volatile:

For
ope

If a

then that operation has no effect and shall not be considered, to be an error.

4.5.

A finish zone operation results in:

The
EXP
Con
ope

The

b (see 4.5.3.4) or sequential write preferred zone (see 4.5.3.3) (e.g., by deallocating any open zone
urces associated with that zone).

a sequential write required zone or a sequential write preferred zone, performing a close zone, Operation

a) any logical block data stored in the specified write pointer zone; and
b) the zone attributes.

a sequential write required zone or a sequential write preferred zone, the results 'of/a successful close zon¢
ration are:

a) the Zone Condition becoming CLOSED; and
b) all zone resources becoming persistent zone resources.

close zone operation is performed on:

a) a sequential write required zone or a sequential write preférfed zone with a Zone Condition of CLOSED; pr
b) a sequential or before required zone (see 4.5.3.5),

3.2.4 Finish zone operation

a) all logical block data in the zone becéming:
A) non-volatile; and
B) available for reading;
and

b) the Zone Condition becoming FULL.

zone condition state machine (see 4.5.3.6) requires the specified zone to have a Zone Condition of
|ICITLY OPENED or IMPLIGITLY OPENED before a finish zone operation is performed. If a zone with a Zone
dition of EMPTY or,€LOSED is specified for a finish zone operation, prior to processing the finish zone
ration, then thezorie condition state machine requires that:

a) a manage-open zone resources operation (see 4.5.3.2.8) be performed; and
b) the Zene Condition becomes IMPLICITLY OPENED.

resultof a successful finish zone operation is the Zone Condition becoming FULL.

If a

finish zone operation is performed on a zone with a Zone Condition of FULL, then that operation has no effe¢t

and

shall not be considered to be an error.

4.5.3.2.5 Reset write pointer operation

Unless it is performed on a zone associated with a Restrict Write Pointer Reset realm attribute (see 4.4.2) that is

true
the

, a reset write pointer operation results in the Zone Condition becoming EMPTY (e.g., the write pointer is set to
lowest LBA in the zone).
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reset write pointer operation is performed on a zone:

a) with a Zone Condition of EMPTY; or
b) thatis associated with a Restrict Write Pointer Reset realm attribute that is true,

then that operation has no effect and shall not be considered to be an error.

A reset write pointer operation is the only method for causing an invalid write pointer to become valid.

4.5.3.2.6 Sequentialize zone operation

A SLllccessfuI sequentialize zone operation results in:

If a
attri

4.5.

4.5,

a) the release of zone resources allocated for the processing of non-sequential write operations
(see 4.5.3.3.2) in the specified write pointer zone; and
b) setting Non-Sequential Write Resources Active (see 4.3.6) to false.

Sequentialize zone operation is performed on a zone with the Non-Sequential Write Resolirees Active zone
pute set to false, then that operation has no effect and shall not be considered to be an error.

3.2.7 Zone activation operation

3.2.7.1 Zone activation operation overview

As part of processing a ZONE ACTIVATE command (see 5.11) or a ZONE:QUERY command (see 5.12), the

dev
in5
Of t
at Iq

The
ope

The

4.5,

This

ce server identifies the candidate zones to activate and the candidate zones to deactivate, if any, as defing
11.2.

he two sets of candidate zones (i.e., the candidate zones toactivate and the candidate zones to deactivate
ast one set contains at least one zone and one set may cantain no zones.

candidate zones to activate and the candidate zones t0 deactivate are inputs to the zone activation
ration as defined in 4.5.3.2.7.

performing of a zone activation operation shath

a) prepare the parameter data defined.in 5.11.3; and
b) include the performing of:
1) a verify activations operation (see 4.5.3.2.7.2); and
2) a change activations operation (see 4.5.3.2.7.3), if
a) the command thatinitiated this zone activation operation is a ZONE ACTIVATE command
(see 5.11); and
b) no unmet prerequisites have been detected by the verify activations operation processed in
step 1).

3.2.7.2 Verify activations operation

subclause.(i.€., 4.5.3.2.7.2) describes the process of determining that all candidate zones to activate

(se¢ 4.5.3.2.%.1) and candidate zones to deactivate, if any, (see 4.5.3.2.7.1) have appropriate characteristics fq

acti

Vation\or deactivation.

[®N

=

Reg

ardless of the value of the ALL bit in the command's CDB, the device server shall:

a) initialize the following bits in the command's parameter data (see 5.11.3) by setting them to zero:

A) the SECURITY bit;

B) the NOT EMPTY bit;

C) the NOT INACT bit;

D) the MULT DOMN bit;

E) the RLM RSTCT bit;

F) the muLT zTYP bit; and

G) the RLM ALIGN bit;
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and

b) setthe SECURITY bit to one, if any of the candidate zones to activate or candidate zones to deactivate, if
any, are affected by security restrictions outside the scope of this standard (e.g., specified by a TCG
security protocol).

e ALL bit is set to one, the device server shall:

a) setthe NOT EMPTY bit to one, if one or more of the candidate zones to deactivate, if any, have a Zone
Condition of CLOSED, EXPLICITLY OPENED, IMPLICITLY OPENED, or FULL; and
b) setthe NOT INACT bit to one, if one or more of the candidate zones to activate have a Zone Condition of

If th

If th
ALIG

unn

4.5.

Thig
pro

CLOSED, EXPLICITLY OPENED, IMPLICITLY OPENED, Or FULL.
e ALL bit is set to zero, the device server shall:

a) setthe NOT EMPTY bit to one, if one or more of the candidate zones to deactivate, if any, havé-a-Zone
Condition that is not EMPTY or INACTIVE (see table 50);

b) setthe NOT INACT bit to one, if one or more of the candidate zones to activate have a Zane Condition that
is not INACTIVE (see table 50);

c) setthe MULT DOMN bit to one, if any of:
A) the candidate zones to activate include zones in more than one zone domain} or
B) the candidate zones to deactivate, if any, include zones in more than one.zone domain;

d) setthe RLM RSTCT bit to one, if the Restrict Zone Activate realm attribute (see’4.4.3) is true for a realm
that contains candidate zones to activate, if any, candidate zones to deactivate, if any;

e) setthe MULT ZTYP bit to one, if all of the candidate zones to activatenif-any, do not have the same Zong
Type (see 4.3.2).

£ AAORB bit (see 6.5.2) is set to one and the ALL bit is set to zerosttien the device server may set the RLM
N bit to one, if:

a) the candidate zones to activate are not a single zone¢range;

b) candidate zones to deactivate, if any, are not a single zone range;

c) based on the parameter data returned by a RERORT REALMS command (see 5.6) processed
subsequent to the processing of the most recent ZONE ACTIVATE command, FORMAT UNIT command
(see SBC-5), or FORMAT WITH PRESET gémmand (see SBC-5) as described in 4.2.4.7:
A) the candidate zones to activate do notbegin and end on realm boundaries; or
B) candidate zones to deactivate, if any, do not begin and end on realm boundaries.

het prerequisites have been detected.iflany of the following bits are set to one:

a) the SECURITY bit;

b) the NOT EMPTY bit;
c) the NOT INACT bit;

d) the MULT DOMN bit;
e) the RLM RSTCT bit;

f) the MULT zTYP.bit;-or
g) the RLM ALIGN bit.

3.2.7.3 Change activations operation

subclause (i.e., 4.5.3.2.7.3) describes the related processes of zone activation and deactivation during thg
essing of a ZONE ACTIVATE command (see 5.11). The processing in this subclause occurs only after the

can

bee

If th

Hidate zanes to activate (Qpp 45327 1) and candidate zones to deactivate if any (QPF' 45327 1) have

n determined to have the appropriate characteristics for activation or deactivation (see 4.5.3.2.7.2).

e candidate zones for activation include more than one zone range, then the device server shall process the

zone ranges in increasing LBA order based on the starting LBA for each zone range.

For

each zone range in the candidate zones for activation, if the AAORB bit (see 6.5.2) is set to:

a) zero, then the device server shall:

© ISO/IEC 2024 - All rights reserved
40


https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

A) activate all of the zones in the zone range to be activated by changing their Zone Condition to EMPTY;
and

B) deactivate the zones in the candidate zones for deactivation that correspond to the zone range that
has been activated by changing their Zone Condition to INACTIVE;

and

b) one, then for each realm in the zone range to be activated, the device server shall:

A) activate all of the zones in the zone range to be activated in that realm by changing their Zone
Condition to EMPTY; and

B) deactivate the zones in the candidate zones for deactivation in that realm by changing their Zone

The

Aftg
can

4.5,

4.5.

The
a zd
dev

The

marage open zofe-resources operation sets the OZR Available state machine variable (see 4.5.3.6.1) to:

Condition to INACTIVE.
device server shall set the ACTIVATED bit (see 5.11.3.1) to:

a) one, if all zones were successfully processed; and
b) zero, if no zones were activated or deactivated as a result of performing the change activations
operation.

r a power on or hard reset occurs during the performing of a change activations operation the state of the
didate zones to activate and the candidate zones to deactivate depends on the AAORB 'bit as follows. If the
RB bit is set to:

a) zero, then:
A) all candidate zones for activation have been activated and all candidate zones for deactivation have
been deactivated; or
B) all candidate zones for activation have not been activated andall candidate zones for deactivation
have not been deactivated;
and
b) one, then within each realm:
A) all candidate zones for activation have been activated and all candidate zones for deactivation hayj
been deactivated; or
B) all candidate zones for activation have not been activated and all candidate zones for deactivation
have not been deactivated.

[

3.2.8 Manage open zone resources operation

3.2.8.1 Manage open zone resources-operation overview

—

manage open zone resources operation provides a way for the zone condition state machine to ensure thd
ne is allowed to become an open zone while maintaining the limits on the number of open zones that the
ce server indicates in:

a) the OPTIMAL NUMBER'OF OPEN SEQUENTIAL WRITE PREFERRED ZONES field (see 6.5.2); and
b) the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field (see 6.5.2).

manage open zone' resources operation is performed only within the zone condition state machine. The

a) SUCCESS to indicate that sufficient open zone resources are available to allow a Zone Condition to
become IMPLICITLY OPENED or EXPLICITLY OPENED; or

b) #“FAILURE to indicate that insufficient open zone resources are available to allow a Zone Condition to
become IMPLICITLY OPENED or EXPLICITLY OPENED.

For

For
ope

a sequential or before required zone (see 4.5.3.5) the device server:

a) shall not close any zones; and
b) shall set the OZR Available state machine variable to SUCCESS.

write pointer zones other than sequential or before required zones, the manage open zone resources
ration:

a) determines whether open zone resources are available to allow a zone to become an open zone; and
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b) may close a zone with a Zone Condition of IMPLICITLY OPENED in order to make open zone resources
available.

As detailed in 4.5.3.2.8.2 for a sequential write preferred zone (see 4.5.3.3) and in 4.5.3.2.8.3 for a sequential
write required zone (see 4.5.3.4), an instance of the manage open zone resources operation sets the OZR
Available state machine variable to SUCCESS if:

a) closing a zone is not required in order to limit the number of open zones; or
b) azone is closed in order to limit the number of open zones,

othgrwise; theTmarmage operT zone Tesources operation sets the OZR Avaitabte state Tachime varabteto

FAIL]

4.5,

For

if th

whe

URE.
3.2.8.2 Select a sequential write preferred zone

a sequential write preferred zone (see 4.5.3.3), the device server:

a) may choose a sequential write preferred zone with a Zone Condition of IMPLICITLY OPENED and perform
close zone operation (see 4.5.3.2.3) on that zone; and
b) shall set the OZR Available state machine variable to SUCCESS (see 4.5.3.2.81),

b following formula evaluates to true:

(k <(x+y)) AND (y > 0)

re:
X is the number of sequential write preferred zones with aZone Condition of EXPLICITLY OPEN;
y is the number of sequential write preferred zones with a Zone Condition of IMPLICITLY OPEN; and
k is the contents of the OPTIMAL NUMBER OF OPEN SEQUENTIAL WRITE PREFERRED ZONES field
(see 6.5.2).

All nanage open zone resources operations on sequential' write preferred zones set the OZR Available state

maq

4.5.

For

if th

whe

hine variable to SUCCESS.
3.2.8.3 Select a sequential write required(zone

a sequential write required zone (see4.5.3.4), the device server:

a) should not select a zone to be closed; and
b) shall set the OZR Available-state machine variable to SUCCESS (see 4.5.3.2.8.1),

b following formula evaluates 1o true:

z>(xty)
re:
X is the-number of sequential write required zones with a Zone Condition of EXPLICITLY OPEN;
y isithe number of sequential write required zones with a Zone Condition of IMPLICITLY OPEN; and
z is the contents of the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field

(see 6.5.2).
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For a sequential write required zone, the device server shall:

a) setthe OZR Available state machine variable to FAILURE; and

b) terminate the command that initiated the manage open zone resources operation with CHECK
CONDITION status, with sense key set to DATA PROTECT and the additional sense code set to
INSUFFICIENT ZONE RESOURCES,

if the following formula evaluates to true:

X Z
whgre:
X is the number of sequential write required zones with a Zone Condition of EXPLICIT OPEN; and
z is the contents of the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES (see 6°5.2).

Forla sequential write required zone, the device server shall:

a) choose a sequential write required zone with a Zone Condition of IMPLICITLY OPENEDR"and perform a closge
zone operation (see 4.5.3.2.3) on that zone; and
b) setthe OZR Available state machine variable to SUCCESS,

if the following formula evaluates to true:

(z<(x+y))AND (y>0)

whdre:
is the number of sequential write required zones with a:Zone Condition of EXPLICITLY OPEN;
y is the number of sequential write required zones with a”Zone Condition of IMPLICITLY OPEN; and
z is the contents of the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field
(see 6.5.2).

4.5.3.2.9 Read operations, verify operations, and write operations

Thel effects of the write pointer zones zone condition*state machine (see 4.5.3.6) on the SBC-5 definitions of the
readl operation, verify operation, and write operation are reviewed in this subclause (i.e., 4.5.3.2.9).

In zpned block devices, device servers perform read operations, verify operations, and write operations that
access write pointer zones (see 4.5.3):

a) as described in the zone condition state machine based on the Zone Condition of the specified write
pointer zone;

b) as described in this subtlause (i.e., 4.5.3.2.9); and

c) as described in SBC35.

Befpre a write operation is allowed to be performed, the zone condition state machine ensures that a write
poirjter zone has a Zone Condition of EXPLICITLY OPENED or IMPLICITLY OPENED. If prior to performing a write
opefation the Zené Condition is EMPTY or CLOSED, then:

a) a manage open zone resources operation (see 4.5.3.2.8) is performed; and
b) jfithe OZR Available state machine variable (see 4.5.3.2.8.1) is set to:
A) SUCCESS, then the Zone Condition becomes IMPLICITLY OPENED; and

The result of a successful write operation on a write pointer zone with a Zone Condition of EMPTY or CLOSED is a
write pointer zone with a Zone Condition of IMPLICITLY OPENED.

The zone condition state machine may or may not require a read operation or a verify operation on a write
pointer zone with a Zone Condition of EMPTY or CLOSED to be processed without an error. The result of a
successful read operation or a verify operation on a write pointer zone with a Zone Condition of EMPTY or CLOSED
does not change the Zone Condition of that write pointer zone.
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For write pointer zones with a Zone Condition of INACTIVE or OFFLINE, access pattern requirements (see 4.5.3.1.5,

45.3.1.6,4.53.3.2,453.3.3,45.3.4.2,45.3.4.3,4.5.3.5.2, and 4.5.3.5.3) may affect:

a) read operations performed as a result of the device server processing read commands;
b) verify operations performed as a result of the device server processing verify commands; and
c) write operations performed as a result of the device server processing write commands.

For write pointer zones with a Zone Condition of READ ONLY, access pattern requirements (see 4.5.3.1.5,
45.3.3.2,4.5.3.4.2, and 4.5.3.5.2) may affect write operations performed as a result of the device server
processing write commands

4.5.3.3 Sequential write preferred zone model
4.5.3.1 Sequential write preferred zone model overview

A sl;TquentiaI write preferred zone is a write pointer zone (see 4.5.3.1) in which the device seryérallows write
co
may allocate non-sequential write zone resources for processing these writes (see 4.3.6).

4.53.3.2 Write access pattern requirements for sequential write preferred zones

A wfite command that starts at the write pointer of a sequential write preferred’zone and ends at the highest LB

of tIat sequential write preferred zone results in the Zone Condition chandingto FULL.

mands that specify a starting LBA that is not equal to the associated zone’s write pointét. The device servd

Figyre 12 shows an example of a write command that starts at the write pointer of a sequential write preferred
zong.
lowest s\\}‘ highest
LBA \r\® LBA
— N —
write pointer before write pointer after
write command write command
Key:

Logical blocks written by thie write command

Logical blocks not(written by the write command

Figure 12 —.Example write command that starts at the write pointer

Figyre 13 shows examples-of write commands that do not start at the write pointer and, as a result, cause at
leadt one non-sequentiallwrite operation to be performed.

A non-sequential write -@peration shall result in:

a) the asseciated zone’s write pointer being set to an LBA that is:
A) greater than or equal to the value of that write pointer before that operation; and
B)<less than or equal to the minimum of:

and

a) one plus the highest LBA written in the zone since the last time the Zone Condition was EMPTY},

=

P

d

b)—the highest LBA N the Zone,
or
b) the Zone Condition becoming FULL (e.g., the write pointer becoming invalid).
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Example write command that starts lower and ends at the initial write pointer

lowest highest
LBA LBA

5/—/
write pointer before write command

If th
dev

Ifa
the
stat
FUL

The

Example write command that starts lower and ends higher than the initial write pointer

lowest highest
LBA LBA

ﬁ/—/
write pointer before write command

Example write command that starts higher than the initial write pointer

lowest highest
LBA LBA
\ﬁr—/
write pointer before write command

Key: Logical blocks written by the write command

Logical blocks not written by the write command

Figure 13 — Examples of write commands.that do not start at the write pointer

e device server processes a non-sequential write;operation to a sequential write preferred zone, then the
ce server shall:

a) set the associated zone's write pointer to an LBA that is:
A) greater than or equal to the value of that write pointer before that command was processed; and
B) less than or equal to the minimum of:
a) one plus the highest LBA written in the zone since the last time the Zone Condition was EMPTY},
and
b) the highest LBA.n the zone;
or
b) cause the Zone Eondition to become FULL.

hon-sequential writeycommand completes without error and causes the Zone Condition to become FULL, theh
device server,shall complete that command or a subsequent command accessing that zone with GOOD
Lis with the sense key set to COMPLETED and the additional sense code set to ZONE TRANSITION TO
L.

deyice server may incur delays during the processing of subsequent commands if the device server

pro

gsses a command that results in:

a) the number of open sequential write preferred zones exceeding the value in the
OPTIMAL NUMBER OF OPEN SEQUENTIAL WRITE PREFERRED ZONES field (see 6.5.2); or

b) the number of non-sequentially written sequential write preferred zones exceeding the value in the
OPTIMAL NUMBER OF NON-SEQUENTIALLY WRITTEN SEQUENTIAL WRITE PREFERRED ZONES field (see 6.5.2).

Regardless of the starting LBA in a write command, the resulting value of the write pointer is outside the scope of

this

standard if:

a) atleast one logical block has been written;
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b) not all the logical blocks specified by the command have been written; and
c) write caching:
A) is not enabled and the write command is terminated with an error; or
B) is enabled and an error occurs after the command completes with success.

Write command requirements that affect all types of write pointer zones are described in 4.5.3.1.5.

4.5.3.3.3 Read access pattern requirements for sequential write preferred zones

aasd-cammand-that accaccaocaon LRA that haoo bhaan el Haon clnen thamact racan i tha 7ana Coand
I
orcr

on
comtahRathataceesSesSahr=BthatRaS e ei-wWHtte-SHeethRe-heStreceRttmetheLeRe- ORGSR WaS

EMjTY for that sequential write preferred zone shall return the most recent written logical block data. A read
command that accesses an LBA that has not been written since the most recent time the Zone Conditior. wds
EMHATY for that sequential write preferred zone shall:

a) return logical block data set to the most recent initialization pattern that was set as described’in 4.5.3.1.4;
and
b) not write any data for a read command that has the FUA bit set to one (see SBC-5).

A verify command that accesses an LBA that has been written since the most recent time.the Zone Condition
wag EMPTY for that sequential write preferred zone shall use the most recent written data for that verify operation.
A verify command that accesses an LBA that has not been written since the most fecent time the Zone Condition
wag EMPTY for that sequential write preferred zone shall use logical block data.setito the most recent initialization
pattern that was set as described in 4.5.3.1.4.

Redd command requirements and verify command requirements that affeet all types of write pointer zones are
desgribed in 4.5.3.1.6.

4.5.3.4 Sequential write required zone model

4.5.3.4.1 Sequential write required zone model overview

A s¢quential write required zone is a write pointer zonge*(see 4.5.3.1) in which the device server requires that
write commands specify a starting LBA that is equal to that zone’s write pointer.

4.5.3.4.2 Write access pattern requirements for sequential write required zones

If the device server processes a write,command without error, then the write pointer is modified to indicate the
LBA where a subsequent write operation within the zone shall be performed.

If thie ending LBA of a write command that completed without error is equal to the highest LBA of a sequential
writg required zone, then the,Zone Condition becomes FULL and the write pointer becomes invalid.

If the device server protesses a write command that is terminated with CHECK CONDITION status, then the

write required zone with a zone condition of EMPTY or CLOSED is termmated with CHECK CONDITION status W|th
sense key set to DATA PROTECT and the additional sense code set to INSUFFICIENT ZONE RESOURCES
(see 4.5.3.2.8).

An entire medium write same command is a WRITE SAME (16) command with:

a) the LOGICAL BLOCK ADDRESS field set to zero; and
b) the NUMBER OF LOGICAL BLOCKS field set to:
A) zero (i.e., all logical blocks, ending with the last logical block on the medium); or
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B) the LBA of the last logical block on the logical unit plus one.

If the wWSNz bit is set to one in the Block Limits VPD page (see SBC-5) or the device server does not support the
NUMBER OF LOGICAL BLOCKS field set to the LBA of the last logical block on the logical unit plus one, then entire
medium write same commands are not supported.

If the device server processes a write command with the starting LBA in a sequential write required zone with the
Zone Condition of FULL, then the device server terminates that command with CHECK CONDITION status, the
sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CDB.

The
and
me(

If th
spe
dev
RE

Wrife command requirements that affect all types of write pointer zones aredescribed in 4.5.3.1.5.

If th
CcO
ass

conmpmand in the INFORMATION field of the sense data (see SPC-6):

In &
aw

(se

If th
equ

E device server processes a write command, other than an entire medium write same 'command, that
Cifies an ending LBA that is not in the same sequential write required zone as the starting LBA, then the

of tle write pointer is outside the scope of this standard: The host should use the REPORT ZONES command

device server terminates with CHECK CONDITION status, with the sense key set to [LLEGAL REQUES,
the additional sense code set to UNALIGNED WRITE COMMAND a write command, other than an entiré
ium write same command, that specifies:

a) the starting LBA in a sequential write required zone set to a value that is not equal to the write pointer fq
that sequential write required zone; or
b) an ending LBA that is not equal to the last logical block within a physical block (see SBC*5).

=

ce server shall terminate that command with CHECK CONDITION status, with the 'sense key set to ILLEGA
DUEST, and the additional sense code set to WRITE BOUNDARY VIOLATION.

=

e device server terminates a command with the additional sense codé._set to UNALIGNED WRITE
MMAND or WRITE BOUNDARY VIOLATION, then the device server shall return the valid write pointer
bciated with the sequential write required zone specified by thé LOGICAL BLOCK ADDRESS field of that

sequential write required zone, if the device server is not,able to write all of the logical blocks specified by
[ite command before encountering an error that prevénts further writing to the media, then the resulting valu

[©]

5.8) to determine the current write pointer and other characteristics of the sequential write required zone.

P

e device server processes a WRITE LONG\command with the WR_UNCOR bit set to one and the starting LB
al to the write pointer of a sequential write required zone, then the device server shall:

a) mark all of the logical blocks in‘that physical block as uncorrectable;

b) modify the write pointer to be one greater than the LBA of the highest numbered logical block that was
marked as uncorrectablenifthe highest numbered logical block that was marked as uncorrectable is ng
the highest numbered’logical block in that zone; and

c) change the Zone Condition to FULL, if the highest numbered logical block that was marked as uncor-
rectable is the highést numbered logical block in that zone.

—

=

MPLE - For a sequential write required zone in a zoned block device with 8 logical blocks per physical block and the firg
in a physical bleck is LBA 8. AWRITE LONG command with LBA 8 results in LBAs 8 through 15 being marked as uncgr-

able and the-wfite pointer being set to LBA 16.

command:

a) with the starting LBA:
A) less than the write pointer and the ending LBA greater than or equal to the write pointer in the same
sequential write required zone; or
B) greater than or equal to the write pointer and the ending LBA in the same sequential write required
zone;
or
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b) with:
A) the ending LBA in a different sequential write required zone than the starting LBA; and
B) each LBA specified by the command in a sequential write required zone,

then, for any LBA that:

a) contains logical block data written since the most recent time the Zone Condition was EMPTY for the
sequential write required zone being read or verified, the device server shall process the command using
the logical block data; or

b) does not contain logical block data written since the most recent time the Zone Condition was EMPTY for
the sequential write required zone being read or verified, the device server shall:
A) foran LBAthat is being verified, use the logical block data set to the most recent initialization pattem

that was set as described in 4.5.3.1.4; and
B) for an LBA that is being read:
a) return logical block data set to the most recent initialization pattern that was set as described i
4.53.1.4; and
b) not write any data for a read command that has the FUA bit set to one (see SBC-5).

Redd command requirements and verify command requirements that affect all types of writé pointer zones are
despribed in 4.5.3.1.6.

If the device server terminates a command with the additional sense code set to ARFEMPT TO READ INVALIDO
DATA or READ BOUNDARY VIOLATION, then the device server shall return the.valid write pointer, if any,
asspciated with the sequential write required zone, if any, specified by the LOGICAL BLOCK ADDRESS field of that
command in the INFORMATION field of the sense data (see SPC-6).

4.5.3.4.4 Opening Sequential Write Required zones

If the number of sequential write required zones with Zone Céndition EXPLICITLY OPENED is equal to the value in
the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED,ZONES field (see 6.5.2), then any command (e.g., a
write command) that attempts to cause a sequential writerequired zone that is not an open zone to become ar
opeh zone is terminated with an error as described insthe zone condition state machine (see 4.5.3.6).

4.5 .5 Sequential or before required zone model
4.53.5.1 Sequential or before required.zone model overview

A se¢quential or before required zone, is'a write pointer zone in which the device server allows write commands
spegify a starting LBA that is equalo or less than that zone's write pointer.

4.53.5.2 Write access pattern requirements for sequential or before required zones

If thie device server processes a write command without error and the ending LBA is greater than or equal to th
writg pointer in theylast sequential write required zone written, then the write pointer for that sequential or befor|
required zone is;set to the ending LBA plus one (i.e., the write pointer minus one indicates highest LBA for whic
logifal block.data is available to be read).

= O O

=

If the ending LBA of a write command that completed without error is equal to the highest LBA of a sequential g
befgré-required zone, then the Zone Condition becomes FULL and the write pointer becomes invalid.

If the device server processes a write command that is terminated with CHECK CONDITION status, then
the value of the write pointer may be unknown to the application client. The application client should use the
REPORT ZONES command (see 5.8) to determine the current write pointer and other zone attributes of the
sequential or before required zone.
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device server terminate with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST,
the additional sense code set to UNALIGNED WRITE COMMAND a write command that:

a) specifies a starting LBA in a sequential or before required zone set to a value that is greater than the

write pointer for that sequential or before required zone; or

b) attempts to cause the sequential or before required zone specified by the ending LBA to have a valid

write pointer that is not equal to the first logical sector within a physical sector (see SBC-5).

Write command requirements that affect all types of write pointer zones are described in 4.5.3.1.5.

If th
CcoO
any,
co

In &
by 2

spegified by the write command is:

If th
lesq

EXA
first
unc

4.5.

The
the
DA1

If th

e device server processes a WRITE LONG command with the WR_UNCOR-bjt set to one and the starting LB

MAND or WRITE BOUNDARY VIOLATION, then the device server shall return the valid write pointer;-if
associated with the sequential or before required zone specified by the LOGICAL BLOCK ADDRESS field\of tha
mand in the INFORMATION field of the sense data (see SPC-6).

—

sequential or before required zone, if the device server is not able to write all of the logical blocks specifieq
write command before encountering an error that prevents further writing to the media and.the ending LBA

a) less than the write pointer, then the write pointer shall not be changed; and
b) greater than or equal to the write pointer, then the resulting value of the writ€ peinter is outside the scop
of this standard.

D

P

than or equal to the write pointer of a sequential or before required zone, then the device server shall:

a) mark all of the logical blocks in that physical block as uncorrectable;

b) modify the write pointer to be one greater than the LBA of the/highest numbered logical block that was
marked as uncorrectable, if the highest numbered logical block that was marked as uncorrectable is ng
the highest numbered logical block in that zone; and

c) change the Zone Condition to FULL, if the highest nambered logical block that was marked as uncor-
rectable is the highest numbered logical block in<hat zone.

—

MPLE - For a sequential or before required zone in a.zoned block device with 8 logical blocks per physical block and the
LBA in a physical block is LBA 8. AWRITE LONG_command with LBA 8 results in LBAs 8 through 15 being marked as
rrectable and the write pointer being set to LBA16.

3.5.3 Read access pattern requiremeénts for sequential or before required zones

device server shall terminate a‘read command or a verify command with CHECK CONDITION status, witHh
sense key set to ILLEGAL REQUEST, and the additional sense code set to ATTEMPT TO READ INVALID
[A, if:
a) the URSWRZ bit (§e€6.5.2) is set to zero; and
b) that command’specifies an LBA:

A) in a sequential or before required zone that has a Zone Condition of EMPTY; or

B) that.is{greater than or equal to the write pointer in a sequential or before required zone that does n¢

have a Zone Condition of FULL.

—

P URSWRZ bit is set to one and the device server processes a read command or a verify command with no

oth

r errers (e.g., the errors described in 4.5.3.1.6), then, for any LBA that:

sequential write required zone being read or verified, the device server shall process the command using
the logical block data; or
b) does not contain logical block data written since the most recent time the Zone Condition was EMPTY for
the sequential write required zone being read or verified, the device server shall:
A) for an LBAthat is being verified, use the logical block data set to the most recent initialization pattern
that was set as described in 4.5.3.1.4; and
B) for an LBAthat is being read:
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a) return logical block data set to the most recent initialization pattern that was set as described in
4.5.3.1.4; and
b) not write any data for a read command that has the FUA bit (see SBC-5) set to one.

Read command requirements and verify command requirements that affect all types of write pointer zones are

des

If th

Thejre is one zone condition state machine for each write pointer zone. The zone condition-State machine (see

figu

follqwing states:

Eadh zone condition state machine is an integral part of thedevice server that participates in the processing of

spe
FIN

Infomation about device server progress in the processing of such commands affects transitions in the zone

con

Unl
stat

The initial state for a write pointerzane after power on is:

3.6 Zone condition state machine

3.6.1 Zone condition state machine overview

cribed in 4.5.3.1.6.
e device server terminates a command with the additional sense code set to ATTEMPT TO READ INVALID

at command in the INFORMATION field of the sense data (see SPC-6).

Fe 14) controls the operation of each write pointer zone. The zone condition state machine consists of the

ZC1:Empty (see 4.5.3.6.2);
ZC2:Implicit_Open (see 4.5.3.6.3);
ZC3:Explicit_Open (see 4.5.3.6.4);
ZC4:Closed (see 4.5.3.6.5);
ZC5:Full (see 4.5.3.6.6);
ZC6:Read_Only (see 4.5.3.6.7);

) ZC7:0ffline (see 4.5.3.6.8); and

) ZC8:lnactive (see 4.5.3.6.9).

Q>0 Q0 T QO
—_——_—— -

Cified commands and in the performing of specified operations. The processing of a single command (e.g.,
|]SH ZONE command (see 5.3)) may include zerg;0r more transitions in the zone condition state machine.

jY)

Hition state machine.

bss otherwise specified in the zone condition state machine, the device server shall maintain zone condition
b after any condition changes or SCS) events (see SAM-6) except for a power on.

a) the ZC1:Empty state if:
A) the zone typesis\,sequential or before required and the most recent Zone Condition was EMPTY; or
B) the zone typesis not sequential or before required and:
a) the wifite*pointer is valid and indicates the lowest LBA in the zone; and
b) Noh-Sequential Write Resources Active (see 4.3.6) is false;
b) the ZC2:Implicit_Open state if the zone type is sequential or before required (see 4.5.3.5) and the most
recent’Zone Condition was IMPLICITLY OPENED;
c) thesZC4:Closed state, if the zone type is not sequential or before required and:
A) “the write pointer is valid and indicates an LBA that is not the lowest LBA in the zone; or
B) Non-Sequential Write Resources Active is true;
t—theZC5Fultstateif themostrecent Zome Condittomwas Fott;
e) the ZC6:Read_Only state, if the most recent Zone Condition was READ ONLY;
f) the ZC7:0Offline state, if the most recent Zone Condition was OFFLINE; and
g) the ZC8:Inactive state, if the most recent Zone Condition was INACTIVE.

Upon completion of a sanitize operation the Zone Condition (i.e., zone state) of each write pointer zone is

des

cribed in 4.11.

This state machine shall maintain the OZR Available state machine variable to indicate the success or failure of

the

most recent manage open zone resources operation (see 4.5.3.2.8).
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The characteristics associated with the state of a zone are summarized in table 15.

Table 15 — Characteristics associated with zone state

Zone characteristics
Open zone Accessible for
Write pointer resources
State valid 2 in use ® Reads | Writes
ZC1:Empty state Yes No see © see ¢
ZC2:Implicit_Open state Yes Yes Yes Yes
ZC3:Explicit_Open state Yes Yes Yes Yes
ZC4:Closed state Yes No Yes see ¢
ZC5:Full state No No Yes See ©
ZC6:Read_Only state No No Yes No
ZCT7:0Offline state No No No No
ZC8:Inactive state No No see © No

A valid write pointer (i.e., Yes) indicates a specificd BA in the zone as described
in 4.5.3.1. An invalid write pointer (i.e., No) provides no information.
See 4.5.3.1.3.
This zone is accessible for reads if:
a) the zone type is sequential write prefefred (see 4.5.3.3.3); or
b) the URSWRZz bit (see 6.5.2) is setto"one and the zone type is:

A) sequential write required (see 4.5.3.4.3); or

B) sequential or before required (see 4.5.3.5.3).
This zone is accessible for wfites if the manage open zone resources operation
(see 4.5.3.2.8) is able to sémplete with success and the zone transitions to the
ZC2:Implicit_Open state.
This zone is accessible for writes if the zone type is sequential write preferred
(see 4.5.3.3.2) ofvsequential or before required (see 4.5.3.5.2).
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ZC1:Empty ZC2:Implicit_Open ZC4:Closed
(see 4.5.3.6.2) (see 4.5.3.6.3) (see 4.5.3.6.5)
.
-1
-
- -
- B <
>
~
-
ZC5:Full
(see 4.5.3.6.6)
ZC9:Inactive \
(see 4.5.3.6.9) -
\_ < N
;’
ZC3:Explicit. Open
(see 4.5.3.6.4)
o I
-
-
=]

ZC6:Read_Only
(see 4.5.3.6.7)

From all zone condition
states, except'ZC7:Offline

ZC7:0ffline
(see 4.5.3.6.8)

From all zone condition states

Figure 14 — Zone condition state machine
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4.5.3.6.2 ZC1:Empty state

4.5.3.6.2.1 ZC1:Empty state overview

While in this state:

Zone Condition shall be set to EMPTY;
the write pointer is valid and indicates the lowest LBA in the zone;
all zone resources (e.g., the write pointer) shall be persistent zone resources (i.e., open zone resources

chall nat bha ond):

4.5.6.2.2 Transition ZC1:Empty to ZC2:Implicit\Open

Thig transition shall occur if:

1)

2)

4.5.6.2.3 Transition ZE1:Empty to ZC3:Explicit_Open

Thig transition shall‘eccur if:

1)
2)

4.5 8-6-2-4-FransitionZG+-Empty-te ZG6:Read—Only

oot ot oT oottty

RWP Recommended is set as defined in 4.3.5;

Non-Sequential Write Resources Active is set as defined in 4.3.6;

Predicted Unrecovered Errors Present is set as defined in 4.3.7;

if the device server begins to perform:

A) a write operation;

B) a finish zone operation; or

C) an open zone operation (i.e., as part of processing an OPEN ZONE command,

then, the device server shall:

1) perform a manage open zone resources operation (see 4.5.3.2.8), including the setting of the OZR
Available state machine variable (see 4.5.3.6.1); and

2) if the OZR Available state machine variable is set to FAILURE, then the\device server shall terminat¢
the command that initiated the manage open zone resources opetation with CHECK CONDITION
status, with sense key set to DATA PROTECT and the additional'sense code set to INSUFFICIENT
ZONE RESOURCES;

and

if the device server performs a read operation, then the device server shall perform the read operation

and process the read command that resulted in the read\operation as described in:

A) 4.5.3.3.3 for sequential write preferred zones;

B) 4.5.3.4.3 for sequential write required zones; and

C) 4.5.3.5.3 for sequential or before required zones.

as described in 4.5.3.6.2.1, the deviCe server begins to perform:

A) a write operation; or

B) a finish zone operation;

and

the OZR Available stateymachine variable (see 4.5.3.6.1) is set to SUCCESS.

as described in 4.5.3.6.2.1, the device server performs an open zone operation (i.e., as part of
pracessing an OPEN ZONE command); and
the~OZR Available state machine variable (see 4.5.3.6.1) is set to SUCCESS.

This transition may occur for reasons outside the scope of this standard.

4.5.3.6.2.5 Transition ZC1:Empty to ZC7:0ffline

This transition may occur:

a)

as a result of media failure (see 4.6.4);

© ISO/IEC 2024 - All rights reserved
53


https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

b)
c)

ISO/IEC 14776-346:2024(en)

as the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
for reasons outside the scope of this standard.

4.5.3.6.2.6 Transition ZC1:Empty to ZC8:Inactive

This transition shall occur upon successful completion of a change activations operation (see 4.5.3.2.7.3) that
deactivates this zone.

4.5.3.6.3 ZC2:Implicit Open state

4.5,

Wh

4.5.

This

4.5.

Thig
OoP

a)
b)

4.5,

3.6.3.1 ZC2:Implicit_Open state overview

e in this state:

3.6.3.2 Transition ZC2:Implicit_Open to ZC1:Empty

transition shall occur:

3.6.3.3 Transition ZC2:Implicit_Open to ZC3:Explicit_Open

transitieh,shall occur upon successful completion of an open zone operation (i.e., as part of processing ar
EN ZONE command).

53.4 Transition ZC2:Implicit_Open to ZC4:Closed

Zone Condition shall be set to IMPLICITLY OPENED;
the write pointer (see 4.5.3.1) is valid;

all zone resources (e.g., the write pointer) shall be open zone resources, persistent zohe resources, of
both (i.e., this zone uses the open zone resources allocated to it);

RWP Recommended zone shall be maintained as defined in 4.3.5;
Non-Sequential Write Resources Active shall be maintained as defined in.4¢3:6;
Predicted Unrecovered Errors Present is set as defined in 4.3.7;

if the device server performs a write operation, then the device servet-shall perform the write operation
and process the write command that resulted in the write operatioft as described in:

A) 4.5.3.3.2 for sequential write preferred zones;

B) 4.5.3.4.2 for sequential write required zones; and

C) 4.5.3.5.2 for sequential or before required zones;

and

if the device server performs a read operation, then the-device server shall perform the read operation
and process the read command that resulted in the'tead operation as described in:

A) 4.5.3.3.3 for sequential write preferred zones;

B) 4.5.3.4.3 for sequential write required zones; and

C) 4.5.3.5.3 for sequential or before required zones.

upon successful completien of a reset write pointer operation; or

if the write pointer is at the lowest LBA of the zone and Non-Sequential Write Resources Active

(see 4.3.6) is false, then upon successful completion of:

A) a close zone gdperation for this zone; or

B) a manage open zone resources operation for a different zone that selects this zone to be closed.

If the write pointer is not at the lowest LBA of the zone or Non-Sequential Write Resources Active (see 4.3.6) is
true, then this transition shall occur upon successful completion of:

a)
b)

a close zone operation for this zone; or
a manage open zone resources operation for a different zone that selects this zone to be closed.
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3.6.3.5 Transition ZC2:Implicit_Open to ZC5:Full

a sequential write required zone, this transition shall occur upon successful completion of:

a) afinish zone operation in this zone; or
b) a write operation that writes from the write pointer to the highest LBA in the zone.

a sequential write preferred zone, this transition:

a) may occur upon successful completion of a non-sequential write operation (see 4.5.3.3.2);

o)

For
ope

4.5.

This

4.5.

Thig

4.5,

4.5,

Wh

IJ) cha” Lo ul upun ouuucoofu: UUIIIP:Ut;UII Uf a VVI;tU UIJUIGt;UII that \A'Al ItUD fIUIII thU \A'Al ItU pUII ItCI tU thU
highest LBA in this zone; and
c) shall occur upon a successful completion of a finish zone operation in this zone.

a sequential or before required zone, this transition shall occur upon successful completion of a Wwrjte
ration with a starting LBA less than or equal to the write pointer that writes the highest LBA indthis zone.

3.6.3.6 Transition ZC2:Implicit_Open to ZC6:Read_Only
transition may occur for reasons outside the scope of this standard.
3.6.3.7 Transition ZC2:Implicit_Open to ZC7:0ffline

transition may occur:

a) as a result of media failure (see 4.6.4);
b) as the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
c) for reasons outside the scope of this standard.

3.6.4 ZC3:Explicit_Open state
3.6.4.1 ZC3:Explicit_Open state overview

le in this state:

a) Zone Condition shall be set to EXPLICITLY OPENED;

b) the write pointer (see 4.5.3.1) is valid;

c) all zone resources (e.g., the writeypointer) shall be open zone resources, persistent zone resources, of
both (i.e., this zone uses the open zone resources allocated to it);

d) RWP Recommended shalt:bé maintained as defined in 4.3.5;

e) Non-Sequential Write,Resources Active shall be maintained as defined in 4.3.6;

f) Predicted Unrecovered-Errors Present is set as defined in 4.3.7;

g) if the device seryerperforms a write operation, then the device server shall perform the write operatior
and process thewwfite command that resulted in the write operation as described in:
A) 4.5.3.324of sequential write preferred zones; and
B) 4.5.34-2for sequential write required zones;
and

h) if the.device server performs a read operation, then the device server shall perform the read operation
and-process the read command that resulted in the read operation as described in:
A) 4.5.3.3.3 for sequential write preferred zones; and

R) 4534 3 for quupnfial write rpquirpd zones

4.5.

3.6.4.2 Transition ZC3:Explicit_Open to ZC1:Empty

This transition shall occur upon successful completion of:

a) areset write pointer operation; or
b) a close zone operation, if the write pointer is at the lowest LBA of the zone and Non-Sequential Write
Resources Active (see 4.3.6) is false.
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4.5.3.6.4.3 Transition ZC3:Explicit_Open to ZC4:Closed

This transition shall occur upon successful completion of a close zone operation, if the write pointer is not at the
lowest LBA of the zone or Non-Sequential Write Resources Active (see 4.3.6) is true.

4.5.3.6.4.4 Transition ZC3:Explicit_Open to ZC5:Full

For a sequential write required zone, this transition shall occur upon successful completion of:

For

4.5,

Thig

4.5,

This

4.5,

4.5,

Wh

a)
b)
c)

I finistrzome operatiom i this—zome; or

b) a write operation that writes from the write pointer to the highest LBA in the zone.

a sequential write preferred zone, this transition:

a) may occur upon successful completion of a non-sequential write operation (see 4.5.3.3.2);

b) shall occur upon successful completion of a write operation that writes from the write pointer to the
highest LBA in this zone; and

c) shall occur upon a successful completion of a finish zone operation in this zone.

3.6.4.5 Transition ZC3:Explicit_Open to ZC6:Read_Only
transition may occur for reasons outside the scope of this standard.
3.6.4.6 Transition ZC3:Explicit_Open to ZC7:0ffline

transition may occur:

3.6.5 ZC4:Closed state
3.6.5.1 ZC4:Closed state overview

le in this state:

as a result of media failure (see 4.6.4);
as the result of processing a REMOVE ELEMENT ANPOMODIFY ZONES command (see 5.5); or
for reasons outside the scope of this standard.

Zone Condition shall be set to CLOSED;
the write pointer (see 4.5.3%) is valid;
all zone resources (e.g.¢the write pointer) shall be persistent zone resources (i.e., open zone resources
shall not be used);

all logical block data‘shall be stored on the medium or in non-volatile cache;

RWP Recommehded shall be maintained as defined in 4.3.5;

Non-SequentiahWrite Resources Active shall be maintained as defined in 4.3.6;
PredictedUnrecovered Errors Present is set as defined in 4.3.7;

if the device server begins to perform:

A) & wyrite operation;

B)<a*finish zone operation; or

CY an open zone operation (i.e., as part of processing an OPEN ZONE command),
then, the device server shall:

T) perform a manage open Zone resources operaton (see 4.5.3.2.8), Including ihe setting of the OZR
Available state machine variable (see 4.5.3.6.1); and

2) if the OZR Available state machine variable is set to FAILURE, then the device server shall terminate
the command that initiated the manage open zone resources operation with CHECK CONDITION
status, with sense key set to DATA PROTECT and the additional sense code set to INSUFFICIENT
ZONE RESOURCES;

and

if the device server performs a read operation, then the device server shall perform the read operation

and process the read command that resulted in the read operation as described in:
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A) 4.5.3.3.3 for sequential write preferred zones; and
B) 4.5.3.4.3 for sequential write required zones.

3.6.5.2 Transition ZC4:Closed to ZC1:Empty

This transition shall occur upon successful completion of a reset write pointer operation.

4.5.3.6.5.3 Transition ZC4:Closed to ZC2:Implicit_Open

This

4.5,

This

4.5.

This

4.5.

This

4.5,

4.5,

Wh

transition shall occur if:

1) as described in 4.5.3.6.2.1, the device server begins to perform:
A) a write operation; or
B) a finish zone operation;
and
2) the OZR Available state machine variable (see 4.5.3.6.1) is set to SUCCESS.

3.6.5.4 Transition ZC4:Closed to ZC3:Explicit_Open

transition shall occur if:

1) asdescribed in 4.5.3.6.2.1, the device server performs an open zone-operation (i.e., as part of
processing an OPEN ZONE command); and
2) the OZR Available state machine variable (see 4.5.3.6.1) is set to"SUCCESS.

3.6.5.5 Transition ZC4:Closed to ZC6:Read_Only
transition may occur for reasons outside the scope of this.standard.
3.6.5.6 Transition ZC4:Closed to ZC7:Offline

transition may occur:

a) as a result of media failure (see 4.6.4);
b) as the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
c) for reasons outside the scope of {his'standard.

3.6.6 ZC5:Full state
3.6.6.1 ZC5:Full state ovérview

e in this state:

) Zone Conditien/shall be set to FULL;

) the writepointer is invalid;

) all LBAS/in the zone are able to return logical block data in response to a read command;

) all zene resources (e.g., the write pointer) shall be persistent zone resources (i.e., open zone resource
shall not be used);

e)-"all'logical block data shall be stored on the medium or in non-volatile cache;

f) “RWP Recommended shall be maintained as defined in 4.3.5;

g) Non-Sequential Write Resources Active shall be maintained as defined in 4.3.6;
h) Predicted Unrecovered Errors Present is set as defined in 4.3.7;
i) if the device server performs a write operation, then the device server shall perform the write operation
and process the write command that resulted in the write operation as described in:
A) 4.5.3.3.2 for sequential write preferred zones;
B) 4.5.3.4.2 for sequential write required zones; and
C) 4.5.3.5.2 for sequential or before required zones;
and
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j) if the device server performs a read operation, then the device server shall perform the read operation
and process the read command that resulted in the read operation as described in:
A) 4.5.3.3.3 for sequential write preferred zones;
B) 4.5.3.4.3 for sequential write required zones; and
C) 4.5.3.5.3 for sequential or before required zones.

4.5.3.6.6.2 Transition ZC5:Full to ZC1:Empty

This transition shall occur upon successful completion of a reset write pointer operation.

4.5.
Thig transition may occur for reasons outside the scope of this standard.
4.5,

Thig transition may occur:

4.5,

4.5,

Wh

Wi
stan

4.5,

th the exception of transitions to the ZC7:0ffline state, transitions out of this state are outside the scope of th

3.6.6.3 Transition ZC5:Full to ZC6:Read_Only

3.6.6.4 Transition ZC5:Full to ZC7:0Offline

a) as a result of media failure (see 4.6.4);
b) as the result of processing a REMOVE ELEMENT AND MODIFY ZONES-cgmmand (see 5.5); or
c) for reasons outside the scope of this standard.

3.6.7 ZC6:Read_Only state
3.6.7.1 ZC6:Read_Only state overview

e in this state:

a) Zone Condition shall be set to READ ONLY;

b) the write pointer is invalid;

c) all zone resources (e.g., the write pointer) shall-be persistent zone resources (i.e., open zone resource]

shall not be used);

d) RWP Recommended is set as defined in 4:3.5;

e) Non-Sequential Write Resources Active'is set as defined in 4.3.6;

f) Predicted Unrecovered Errors Present is set as defined in 4.3.7;

g) if the device server performs awrite operation or a finish zone operation, then the device server shall
terminate the command that restlted in the operation with CHECK CONDITION status, with the sense
key set to DATA PROTECI, \and additional sense code set to ZONE IS READ ONLY; and

h) if the device server performns a read operation, then the device server shall perform the read operation
and process the read'‘command that resulted in the read operation as described in:

A) 4.5.3.3.3 for sequential write preferred zones;
B) 4.5.3.4.3 forsequential write required zones; and
C) 4.5.3.5,3.far sequential or before required zones.

dard.

3.6,7.2 Transition ZC6:Read_Only to ZC7:0ffline

[

Thistransition may occur:

a) as a result of media failure (see 4.6.4);

b) as the result of performing a sanitize operation (see 4.11);

c) as the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
d) for reasons outside the scope of this standard.
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4.5.3.6.8 ZC7:0ffline state

While in this state:

a)
b)
c)

Zone Condition shall be set to OFFLINE;

the write pointer is invalid;

all zone resources (e.g., the write pointer) shall be persistent zone resources (i.e., open zone resources
shall not be used);

RWP Recommended is set as defined in 4.3.5;

Naon-Saoarantial \ANeitn Dacairanc Aot i ont oo dafinad in 4 2 A A

o
- =

= P

All fransitions out of this state are outside the scope of this standard.
4.5.3.6.9 ZC8:Inactive state
4.53.6.9.1 ZC8:Inactive state overview

While in this state:

4.5.6.9.2 Transition ZC8:Inactive to ZC1:Empty state

Thig transition shall occur upon successful completion of a change activations operation (see 4.5.3.2.7.3) that
actiyates this zone.

4.5.4 Gap zone model

For|gap zones, the zONE'CONDITION field (see 5.8.2) shall be set to NOT WRITE POINTER (see table 44).

Gap zones:

a)

NOTTOoOTOuUCT O v v Tt T o0 uUTrcC o7ty o ot T oo e e oo o arta

if the device server performs a read operation, a write operation, or a finish zone operation, then the
device server shall terminate the command that resulted in the operation with CHECK CONDITION
status, with the sense key set to DATA PROTECT, and additional sense code set to ZONE IS OEFLINE.

Zone Condition shall be set to INACTIVE;
the write pointer is invalid;

all zone resources (e.g., the write pointer) shall be persistent zoneresources (i.e., open zone resources
shall not be used);

RWP Recommended is set as defined in 4.3.5;

Non-Sequential Write Resources Active is set as definedin 4.3.6;

Predicted Unrecovered Errors Present is set as defined-in 4.3.7;

if the device server performs a write operation or. a finish zone operation, then the device server shall
terminate the command that resulted in the operation with CHECK CONDITION status, with the sense
key set to DATA PROTECT, and additional sense code set to ZONE IS INACTIVE; and

if the device server performs a read operation, then the device server shall perform the read operation
and process the read command that resulted in the read operation as described in 4.5.3.1.6.

shallhot' be reported by:

A)<the REPORT ZONE DOMAINS command (see 5.7); or
B)Y the REPORT REALMS command (see 5.6);

and

D)

Shall be reported by the REPORT ZONES command (see 5.8).

If a write command specifies the writing of one or more LBAs that are in a gap zone, then the device server shall
terminate the command with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, the
additional sense code set to ATTEMPT TO ACCESS GAP ZONE and the INFORMATION field (see SPC-6) set

to the lesser of:

a)
b)

the starting LBA of the write command: or
the zone ID of the first accessed gap zone.
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If a read command specifies the reading of one or more LBAs that are in a gap zone and the URSWRZ bit
(see 6.5.2) is set to:

a) zero, then the device server shall terminate the command with CHECK CONDITION status, with the
sense key set to ILLEGAL REQUEST, the additional sense code set to ATTEMPT TO ACCESS GAP
ZONE and the INFORMATION field set to the lesser of:

A) the starting LBA of the read command: or
B) the zone ID of the first accessed gap zone;
and

4.6

4.6
Zon
4.6,
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initialization pattern as described in 4.5.3.1.4.

Zoned block device extensions to block device model

1 Overview
ed block devices extend some capabilities defined in SBC-5 as described in 4.6.
P Zoned block device internal resource management

ned block device requires internal resources (e.g., persistent zone resources) to maintain each zone.
fficient resources may result in degraded functionality (e.g., reduced petformance, increased power
sumption, or increased reporting of write errors).

ESET bit set to one in a zone descriptor (see 5.8.2) indicates that an insufficient resources condition has bee

det

An application client that detects the RESET bit being set to-gAe may respond by sending a RESET WRITE

PO
the

4.6,

If pq
losq

them an unexpected poweprremoval condition has occurred.

An

be yipdated to reflect the partial logical block data written to the medium (e.g., a write pointer may indicate the

LBA
rem

If:

cted for that zone.

NTER command (see 5.9) that specifies that zone. Before sending the RESET WRITE POINTER command
ppplication client may copy the logical block datasin'the affected zone to another location.

3 Unexpected power removal

wer is removed from a zoned block-device prior to the device server completing the processing of a power
expected event (see SAM-6) and:

a) there are partially completed write operations;
b) there is logical block data“in volatile write cache; or
c) zone attributes for eompleted write operations are not stored in persistent zone resources,

inexpected powenremoval condition may result in zone attributes for partially completed write commands ]

plus onelof the last logical block that the device server attempted to write before the unexpected power
oval).

1) write caching is disabled (see SBC-5);
2) a write command completes without error; and
3) an unexpected power removal occurs,

then, after power is restored, a read command that completes without error for an LBA included in that write
command shall return the logical block data that was written by that write command before the unexpected
power removal.
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1) a write command with the FUA bit set to one (see SBC-5) completes without error; and
2) an unexpected power removal occurs,

then, after power is restored, a read command that completes without error for an LBA included in that write
command shall return the logical block data that was written by that write command before the unexpected
power removal.

If:

1) a write command completes without error;
2) a SYNCHRONIZE CACHE command (see SBC-5) completes without error; and
3) an unexpected power removal occurs,

thenT, after power is restored, a read command that completes without error for an LBA included in that write
compmand shall return the logical block data that was written by that write command before the unexpected
power removal.

If:

1) a verify command (see SBC-5) completes without error; and
2) an unexpected power removal occurs,

thenrlu, after power is restored, a read command that completes without error fér-an LBA included in that verify
command shall return the logical block data that was accessed by that verify command before the unexpected
power removal.

For|[sequential write required zones, if an unexpected power loss results in unwritten logical blocks in LBAs
smgller than the write pointer for a zone and read operations access the unwritten logical blocks for that zone,
then the device server shall terminate the operation with CHECK CONDITION status with sense key set to
MEDIUM ERROR with additional sense code set to UNWRITITEN DATA IN ZONE.

Aftgr an unexpected power removal condition, the parameter data returned by a REPORT ZONES
co:[mand (see 5.8) may contain write pointers that-do not correspond to the ending LBA plus one of the last
conpmand to report completion prior to the unexpected power removal condition.

4.6.4 Media failure

If a host managed zoned block device has a media failure that affects one or more zones, then the device serve
may indicate that those zones aretunavailable for reading or writing by changing the Zone Condition to OFFLINH.

=

If the device server terminates_a write command to a write pointer zone with the additional sense code set to:

a) WRITE ERROREZRECOVERY NEEDED;
b) WRITE ERROR-~RECOVERY SCAN NEEDED; or
c) WRITE ERROR - INSUFFICIENT ZONE RESOURCES,

them the deviceserver shall return the lowest numbered LBA where a media failure may have occurred during
pro¢essing of\that command in the INFORMATION field of the sense data (see SPC-6).

If thie additional sense code is set to WRITE ERROR - RECOVERY SCAN NEEDED, then the application clien
shopldread all the logical blocks from the LBA indicated by the INFORMATION field to the LBA indicated by the
write pointer minus one and take recovery actions for LBAs that return errors.

—

4.7 Interactions involving mode parameter block descriptors

If a zoned block device does not support changing its capacity by changing the NUMBER OF LOGICAL BLOCKS field
in a mode parameter block descriptor (see SBC-5) using the MODE SELECT command (see SPC-6), then the
device server responds to such requests as described in SBC-5.
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Capacity reporting and LBAs out of range

contents of the RETURNED LOGICAL BLOCK ADDRESS field in the READ CAPACITY (16) parameter data (see

SBC-5) is indicated by the RC BASIS field (see table 16).

Table 16 — READ CAPACITY (16) parameter data as modified for zoned block devices

ByteB" 7 6 5 4 3 2 1 0
 (see SBC-5)

12 (see SBC-5) RC BASIS (see SBC-5)
* (see SBC-5)

The

the READ CAPACITY (16) parameter data and is described in table 17.

RC BAsSISs field indicates the meaning of the value returned by the RETURNED LOGICAL BLOCK ADDRESS field iff

Table 17 — Rc BAsIS field

Code Description

00b The RETURNED LOGICAL BLOCK ADDRESS field indicates:

a) the highest LBA of a contiguous range of zones that are not sequential write required
zones starting with the first zone, if the zoned block device is not a domains and realms
zoned block device (see 4.2.2 and 4.2.3)5;and

b) the highest LBA in zone domain 0 (see#.2.4.3), if the zoned block device is a domains
and realms zoned block device (see?.2.4).

01b The RETURNED LOGICAL BLOCK ADDRESS-field indicates:

a) the zoned maximum address,if the zoned block device is not a domains and realms
zoned block device; and

b) the highest LBA in zone'domain 0 (see 4.2.4.3), if the zoned block device is a domains
and realms zoned:block device.

| others | Reserved

If th

Res
add

e zoned block device is a domains and realms zoned block device, then:

a) the device servershall support accesses (e.g., reads and writes) to LBAs that are greater than the valuge

ress.shall be terminated with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST

and

in the RETURNED\FOGICAL BLOCK ADDRESS field in the READ CAPACITY (16) parameter data and less
than or equaite’the zoned maximum address; and

b) the zonedmaximum address shall not be affected by which zones are active zones or which zones ar¢
inactive\zones.

d commands, verify commands, and write commands that specify LBAs greater than the zoned maximum

th®additional sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE.

4.9

Constant zone starting LBA offsets

Some recording technologies do not have an efficient way to allow all zones to indicate the same zone length
(i.e., set a constant value in the ZONE LENGTH field returned by the REPORT ZONES command (see 5.8)).
However, many application clients depend upon having a constant offset between the zone starting LBAs.
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A zoned block device (e.g., a host managed zone block device (see 4.2.3)) may set the ZONE ALIGNMENT METHOD
field (see 6.5.2) to 8h to indicate that, for zones that are not gap zones (see 4.5.4) values returned by the
REPORT ZONES command have:

a) a constant minimum difference between values in the ZONE STARTING LBA fields that is indicated by the
ZONE STARTING LBA GRANULARITY field (see 6.5.2); and

b) the ZONE LENGTH field returned indicates the number of logical block that are capable of recording data in
that zone.

The zoned block device accomplishes these objectives by paring each data recording zone with a gap zone that
encpmpasses those logical blocks that are not capable of recording data (see figure 15).

sequential write required zone Zero or more zero or more
(see 4.5.3.4) gap zone sequential write required zone gap.zone
<« zone length LBAs — < zone length LBAs —
« fill LBAs —» «LFill LBAs —
<« zone starting LBA granularity — <« zone starting LBA granularity —

Figure 15 — Example of paired sequential write required zones and-gap zones

Forleach zone that is not a gap zone, the number of LBAs in that zone (e.g., the zonelength LBAs in a sequential
write required zone as shown in figure 15) may be different from the number of LBAs in other zones that are ngt
gap|zones.

Thel sum of zone length LBAs and fill LBAs shall be equal to the valuedindicated by the ZONE STARTING LBA
GRANULARITY field. If the number of zone length LBAs is equal to the\zone starting LBA granularity, then the
nunpber of fill LBAs shall be zero and a gap zone shall not be presént. The number of zone length LBAs shall
not pe greater than the zone starting LBA granularity.

4.10 Format operations

All ¢f the functions defined for the FORMAT UNJP command (see SBC-5) and FORMAT WITH PRESET
conmimand (see SBC-5) are available for zoped block devices. AFORMAT UNIT command or FORMAT WITH
PRESET command affects all zones, however some characteristics are dependent on the zone type (see 4.5)
present in the zoned block device. A zoned block device may support multiple types of zones.

Forleach conventional zone (seg4:5.2), a format operation is performed as specified in SBC-5.

w

Forleach write pointer zone.(see 4.5.3), a format operation is performed as specified in SBC-5 and a reset writ
poirjter operation (see 4 5.3-1) is performed.

Aftgr completion of a.format operation without error by the device server in a domains and realms zoned block
devjce:

a) zonesthat were active zones before the format operation started shall be active zones; and
b) zonesthat were inactive zones before the format operation started shall be inactive zones.

A FORMAT UNIT command or FORMAT WITH PRESET command shall not perform a Reset Write Pointer
opekation on a write pointer zone that is associated with a Restrict Write Pointer Reset realm attribute (see 4.4.2)
that is true.

As part of performing a format operation, the device server:

a) shall not change the contents of the ZONE STARTING LBA GRANULARITY field (see 6.5.2), unless that
change is indicated by the DESIGNED ZONE STARTING LBA GRANULARITY field in the format preset descriptor
(see SBC-5) specified by a FORMAT WITH PRESET command; and

b) may change the lengths of individual zones within the boundaries indicated by the ZONE STARTING LBA
GRANULARITY field (see 4.9).
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4.11 Sanitize operations

See SBC-5 for the definition of the SANITIZE command and sanitize operations. A sanitize operation affects all
zones, however some characteristics are dependent on the presence of write pointer zones (see 4.5.3) in the
zoned block device. As described in SBC-5, the zNR bit in the SANITIZE command controls whether a reset write
pointer operation (see 4.5.3.2.5) is performed on each write pointer zone as part of the sanitize operation.

For a CRYPTOGRAPHIC ERASE service action, a BLOCK ERASE service action, or an OVERWRITE action,
the processing of the sanitize operation resulting from that service action:

a) shall affect the information on the logical unit's medium in a way that ensures that recovery of logical
block data is not possible from:
A) each conventional zone (see 4.5.2); and
B) each write pointer zone (see 4.5.3);
b) shall include processing of the zZNR bit (see SBC-5) and associated reset write pointer operation, if any
if that sanitize operation:
A) is successful; or
B) fails in restricted completion mode (see SBC-5) and a subsequent EXIT FAIRURE MODE service
action is successful;
and
c) successful completion of that sanitize operation shall include:
A) completing the requirements described in SBC-5; and
B) setting each write pointer zone's state (i.e., Zone Condition) to‘the initial state described in 4.5.3.6.1,
unless:
a) thatwrite pointer zone was not able to be sanitized (€°g>, due to an inability to write to that zone)),
in which case the zone’s Zone Condition shall be€eme OFFLINE; and
b) that write pointer zone had a Zone Condition of:READ ONLY before the sanitize operation was
started and that zone was able to be sanitized, in which case the zone's Zone Condition:
A) should remain READ ONLY; and
B) may become OFFLINE for reasons that'are outside the scope of this standard.

An PVERWRITE service action that completes withéut an error modifies the initialization pattern (see 4.5.3.1.4).

Aftdr completion of a sanitize operation without €rror by the device server in a domains and realms zoned block
devjce:

a) zones that were active zones before the sanitize operation started shall be active zones; and
b) zones that were inactive zones before the sanitize operation started shall be inactive zones.

A SANITIZE command shall not/perform a Reset Write Pointer operation on a write pointer zone that is
asspciated with a Restrict Write Pointer Reset realm attribute (see 4.4.2) that is true.

412 Reservations

Redervation restrictions are placed on commands as a result of access qualifiers associated with the type of
res¢rvations-See SPC-6 for a description of reservations for commands described in that standard. See SBC-5
for @ description of reservations for commands described in that standard. See table 18 for a description of
resgrvations for commands described in this standard.

Commands from |_T nexuses holding a reservation should complete normally. Table 18 specifies the behavior of
commands from registered |_T nexuses when a registrants only or all registrants type persistent reservation is
present.
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each command in table 18, this standard or SPC-6 defines the conditions that result in the device server

completing the command with RESERVATION CONFLICT status.

Table 18 — ZBC-2 commands that are allowed in the presence of various reservations

Addressed logical unit has this type of persistent
reservation held by another |_T nexus

From any |_T nexus From From I_T nexus not

Command registered registered

. . I_T nexus Write ExclusiveJ
Write Exclusive | (RR all Exclusive | Access

Al

Cq

Exclusive | Access types) -RR IRR
JLOSE ZONE Conflict Conflict Allowed Conflict Conflict
FINISH ZONE Conflict Conflict Allowed Conflict Conflict
JPEN ZONE Conflict Conflict Allowed Conflict Conflict
REMOVE ELEMENT AND MODIFY ZONES Conflict Conflict Allowed Conflict Conflict
I#EPORT REALMS Allowed Allowed Allowed Allowed Allowed
dEPORT ZONE DOMAINS Allowed | Allowed Allowed Allowed | Allowed
I#EPORT ZONES Allowed | Allowed Allowed Allowed | Allowed
dESET WRITE POINTER Conflict Conflict Allowed Conflict Conflict
SEQUENTIALIZE ZONE Conflict Conflict Allowed Conflict Conflict
ZONE ACTIVATE Conflict Conflict Allowed Conflict Conflict
ZONE QUERY Conflict Conflict Allowed Conflict Conflict
Key:
RR = Registrants Only or All Registrants

owed = Commands received from |_T nexuses not holding the reservation or from |_T nexuses not
registered when a registrants only or allregistrants type persistent reservation is present should complete
normally.

nflict = Commands received from I{ T)nexuses not holding the reservation or from |_T nexuses not
registered when a registrants only or all registrants type persistent reservation is present shall not be
berformed, and the device server shall complete the command with RESERVATION CONFLICT status.

4.1

4.1]

Zon
(eg

3 Caches

0.1 Caches overview

D

led block'devices may implement caches. A cache is an area of temporary storage in the zoned block devic
., to.enhance performance) separate from the medium that is not directly accessible by the application clier

—

A cache stores logical block data.

A cache may be volatile or non-volatile. A volatile cache does not retain data through power cycles. A

non

-volatile cache retains data through power cycles. There may be a limit on the amount of time a non-volatile

cache is able to retain data without power.

The

cache model description for zone block devices is as specified in SBC-5 with additional requirements as

specified in 4.13.
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4.13.2 Write caching

While processing write commands, as a result of using write-back caching there is a period of time during which
the logical block data may be lost if:

a) an unexpected power removal occurs (see 4.6.3); or
b) a hardware failure occurs.

If an error occurs during a write medium operation in a sequential write required zone and that error is reported
as a deferred error, then the device server may invalidate cached logical block data for LBAs in that zone that are
larger than the LBA reported with the deferred error. This invalidation may occur for data cached in both volatil
and| non-volatile caches.

4.13.3 Command interactions with caches

If the FUA bit is set to one in a read command or a write command that specifies LBAs in a sequential write
requliired zone and any logical blocks in that zone are cached in a volatile cache, then the dévice server shall
write all such logical blocks to the medium or non-volatile cache.

4.13.4 Write operation and write medium operation interactions with caches

When the device server performs a write cache operation that updates cached-ogical block data for a write
poirnter zone, the device server shall update the write pointer to reflect the ‘completed write operation. If an
uneikpected power removal occurs (see 4.6.3), then upon the restoration of power, the value of every write
poinjter shall reflect the state of the medium and non-volatile cache,df ahy (e.g., a write pointer value may
becpbme smaller as a result of data lost from volatile cache).

4.13.5 Close zone and finish zone operation interactions, with cache

If a gone's Zone Condition becomes CLOSED or FULL and any logical blocks in that zone are cached in a volatilg
cache, the device server writes those cached logicalblocks to the medium or to non-volatile cache.

4.

—

4 Interactions with WRITE LONG commands

For

a) a sequential or beforerequired zone (see 4.5.3.5);
b) a sequential write required zone (see 4.5.3.4); or
c) a sequential write preferred zone (see 4.5.3.3),

1) a WRITELONG command (see SBC-5) marks an LBA in that zone as uncorrectable; and
2) areset\write pointer operation is performed for that zone,

then for a.subsequent read command or verify command for any such LBA that has not been written since the
mogt recent time the Zone Condition was EMPTY, the device server shall process that command based on the
valye0f the URSWRZ bit (see 6.5.2) as follows. If the URSWRZ bit is set to:

a) zero and the zone is not a sequential write preferred zone, then that command shall be terminated as
described in SBC-5; and
b) one or the zone is a sequential write preferred zone, then
A) the logical block data set to the most recent initialization pattern that was set as described in
4.5.3.1.4 shall be returned; and
B) no data shall be written for a read command that has the FUA bit set to one (see SBC-5).
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4.15 Interactions with storage element depopulation and restoration

4.15.1 Interactions with storage element depopulation and restoration operations that modify data

If the zoned block device is a domains and realms zoned block device (see 4.2.4), then upon completion of a
storage element depopulation (see SBC-5) without error or a storage element restoration (see SBC-5) without
error:

a) the data returned by the following commands may differ from data returned from the same command

If th
dev
rest
the

4.1
4.1

Deq

to remove a storage element from service with LBAs that:

If th
sha

41!

For
blog

prior to command completion of that activity:
A) the REPORT ZONES command (see 5.8);
B) the REPORT ZONE DOMAINS command (see 5.7); and
C) the REPORT REALMS command (see 5.6);
b) all of the zones in zone domain 0 are active; and
c) all of the zones in other zone domains are inactive.

e zoned block device is a host aware zoned block device (see 4.2.2) or a host managed\zoned block
ce (see 4.2.3), then upon completion of a storage element depopulation without error or a storage element
pration without error, the data returned by the REPORT ZONES command may differ from data returned frofn
same command prior to completion of that activity.

.2 Storage element depopulation with zone modifications
.2.1 Depopulation with zone modifications overview

opulation with zone modifications uses the REMOVE ELEMENT AND MODIFY ZONES command (see 5.%)

a) are not associated with that storage element not being affected; and
b) are associated with that storage element becoming:
A) contained in a zone that has a Zone Condition of OFFLINE, if that zone is a write pointer zone
(see 4.5.3); or
B) associated with predicted unrecovered errors (see 4.15.2.3) and contained in a zone that has
Predicted Unrecovered Errors Present (see 4.3.7) set to true, if that zone is a Conventional zone
(see 4.5.2).

e device server supports the REMOVE ELEMENT AND MODIFY ZONES command, then the device servelr
| support the RESTORE ELEMENTS AND REBUILD command (see SBC-5).

.2.2 Depopulation with zone modifications processing

each set of contigueuSlogical blocks that are not associated with the specified storage element by logical
k access commands, the device server:

a) shall preserve all logical block data that is stored in those logical blocks;

b) shallqiet change any logical block provisioning information (see SBC-5) that is associated with those
logicalblocks;

c) «shall not change the Zone Condition of the zone that contains those logical blocks; and

d)>~shall not change the value of Predicted Unrecovered Errors Present (see 4.3.7) for the zone that

For

contaims thosefogicatbtocks:

each logical block that is associated with the specified storage element by logical block access commands,

the device server shall:

a) cause the Zone Condition to become OFFLINE, if that logical block is contained in:
A) a Sequential Write Preferred zone (see 4.5.3.3);
B) a Sequential Write Required zone (see 4.5.3.4); or
C) a Sequential Or Before Required zone (see 4.5.3.5);
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b) if that logical block is contained in a Conventional zone (see 4.5.2), then establish future predicted
unrecovered errors for that logical block or the set of contiguous logical blocks that contains that logical
block as follows:

A) cause Predicted Unrecovered Errors Present to become true for every zone that contains one or
more of those logical blocks; and
B) configure those logical blocks to invalidate cached data, if any, and to cause:
a) subsequent read commands to result in predicted unrecovered read error processing
(see 4.15.2.3.2); and
b) subsequent write commands to result in predicted unrecovered write error processing

Wi
LBA
If d

despribed in this subclause (i.e., 4.15.2.2) has already been performed, then device server shall not perform
addjtional processing on the affected logical blocks and this shall not considered. anerror.

If the processing described in this subclause (i.e., 4.15.2.2) detects an error that prevents successful completio|
of that processing, then the processing of subsequent logical block access’commands may be affected from th
timg that the device server detects that error until a subsequent REMQVE ELEMENT AND TRUNCATE

Cco
errg
pro

senpe key set to HARDWARE ERROR and the additional sense code set to INTERNAL TARGET FAILURE.

Upd
sha

the [GET PHYSICAL ELEMENT STATUS command (see SBC-5) PHYSICAL ELEMENT HEALTH field to

con

If the zoned block device is a domains and'réalms zoned block device (see 4.2.4), then the device server shall
caupe the Restrict Zone Activate realm‘attribute (see 4.4.3) to become true for each realm that contains a zong

thaf]

From the time that processing-of.a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5) completes

with
sen
cod

thin a zone, the device server should process logical blocks from the smallest LBA in that zone to the larges

(see 4.15.2.3.3);
and
c) make no changes, if that logical block is contained in:
A) a zone with a Zone Condition of INACTIVE, or
B) a Gap zone (see 4.5.4).

in that zone.

ring the processing described in this subclause (i.e., 4.15.2.2) the device server detects that the processing

D 2

mand (see SBC-5) ora RESTORE ELEMENTS AND REBUILD‘command (see SBC-5) completes without
r. If during this time interval a logical block access command-specifies one or more LBAs that are affected b
essing of the error, the device server may terminate that carmmand with CHECK CONDITION status with th

O <<

pid

n the completion of the logical block processing described in this subclause (i.e., 4.15.2.2), the device servg
| indicate that the specified storage element is depopulated (e.g., cause the parameter data returned by

ain FDh).

is affected by the processing described in this subclause (i.e., 4.15.2.2).

out error until the time thatthe processing described in this subclause (i.e., 4.15.2.2) completes, the device
er shall provide pollable-sense data (see SPC-6) with the sense key set to NO SENSE, the additional sensge
b set to:

a) DEPOPULDAFION INTERRUPTED, if the processing described in this subclause (i.e., 4.15.2.2) has beeh
interrupted as described in 4.15.2.5; and

b) DEPRPOPULATION IN PROGRESS with the PROGRESS INDICATION field set to indicate the progress
of-the depopulation with zone modifications processing, if the processing described in this subclause
(i.e., 4.15.2.2) has not been interrupted.

4.15.2.3 Handling unrecoverable errors

4.15.2.3.1 Handling unrecoverable errors overview

Depopulation with zone modifications processing shall not affect how the device server processes:

a) the rebuild assist mode (see SBC-5);
b) unpredicted unrecovered read errors (see SBC-5); or
c) unpredicted unrecovered write errors (see SBC-5).

© ISO/IEC 2024 - All rights reserved
68


https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

If a zone has Predicted Unrecovered Errors Present (see 4.3.7) set to true, then the device server shall process
logical block access commands that specify LBAs in that zone:

a) as described in 4.15.2.3.2 during reading logical block data from the medium; and
b) as described in 4.15.2.3.3 during writing logical block data to the medium.

4.15.2.3.2 Predicted unrecovered read errors in Conventional zones

If device server processes a read command that specifies one or more LBAs in a zone has Predicted

Unrgctovered O FTESE EE 4.0. el (0 (rge, arma E UeVvICE Server aele d prearcied u

then the device server:

[2)

1) shall transfer to the Data-in Buffer the data for all logical blocks, if any, from the logical block spécified &
the starting LBA of that command up to the lowest numbered LBA for which a predicted unrecovered
error has been established (see 4.15.2.2); and

2) shall terminate that command with CHECK CONDITION status with the sense key set{to ABORTED
COMMAND, the additional sense code set to MULTIPLE READ ERRORS, in addition‘to setting:

A) the INFORMATION field (see SPC-6) to the logical block associated with the lowest numbered LBA
for which data has not been transferred (i.e., the lowest numbered LBA for which a predicted
unrecovered error has been established (see 4.15.2.2)); and

B) the COMMAND-SPECIFIC INFORMATION field (see SPC-6) to the highest.numbered LBA in the set of
contiguous logical blocks, starting at the LBA specified in the INFGRMATION field, for which predicted
unrecovered errors have been established (see 4.15.2.2) without.allowing the range of LBAs
specified by that command to affect the contents of the COMMAND-SPECIFIC INFORMATION field.

If the application client receives sense data with the sense key set tc ABORTED COMMAND, the additional
senpe code set to MULTIPLE READ ERRORS, and the INFORMATI@N field indicating a valid LBA (see SPC-6),
then the application client should avoid sending logical block access commands that specify LBAs in the
configuous set of LBAs between the value in the INFORMATION field and the value in the COMMAND-SPECIFIC
INFQRMATION field.

4.1%.2.3.3 Predicted unrecovered write errors in.Conventional zones

If dgvice server processes a write command that'specifies one or more LBAs in a zone has Predicted
Unrecovered Errors Present (see 4.3.7) setto true, and the device server detects a predicted unrecovered erroy,
then the device server:

1) shall transfer from the Datasout Buffer the data for all logical blocks, if any, to the logical block specifiedl
as the starting LBA of thatjgommand up to the lowest numbered LBA for which a predicted unrecoverefl
error has been established (see 4.15.2.2); and
2) shall terminate that command with CHECK CONDITION status with the sense key set to ABORTED
COMMAND, the‘additional sense code set to MULTIPLE WRITE ERRORS, in addition to setting:
A) the INFORMATION field (see SPC-6) to the logical block associated with the lowest numbered LBA fqr
which-data has not been transferred (i.e., the lowest numbered LBA for which a predicted
unrecovered error has been established (see 4.15.2.2)); and

B) the)COMMAND-SPECIFIC INFORMATION field (see SPC-6) to the highest numbered LBA in the set of
contiguous logical blocks, starting at the LBA specified in the INFORMATION field, for which predicted
unrecovered errors have been established (see 4.15.2.2) without allowing the range of LBAs
specified by that command to affect the contents of the COMMAND-SPECIFIC INFORMATION field.

If the application client receives sense data with the sense key set to ABORTED COMMAND, the additional
sense code set to MULTIPLE WRITE ERRORS, and the INFORMATION field indicating a valid LBA (see SPC-6),
then the application client should avoid sending logical block access commands that specify LBAs in the
contiguous set of LBAs between the value in the INFORMATION field and the value in the COMMAND-SPECIFIC
INFORMATION field.
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4.15.2.4 Allowed commands during depopulation with zone modifications processing

After a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5) has returned command completion
without error and before the device server has completed processing a depopulation with zone modifications
(see 4.15.2.2), the device server shall process all commands based on whether depopulation with zone
modifications have been made. If a command specifies access to a logical block and REMOVE ELEMENT
AND MODIFY ZONES command processing has:

For

devjce server shall ensure that each subsequent command is processed in one of the two ways déscribed in

this

If a
in4

conjpleted the processing described in 4.15.2.2.
4.1%.2.5 Event handling actions

If the processing of depopulation with zone modifications (see 4.1%:2.2) that is interrupted by a reset event (se

SA

with zone modifications upon completion actions that result from that event.

If th

then the device server shall continue to accept commands as described in 4.15.2.4, except that:

a) not modified access to that logical block, then the command shall be processed as if the REMOVE
ELEMENT AND MODIFY ZONES command had not been received; and

b) has modified access to that logical block, then the command shall be processed based on the
modifications that have been made.

leach logical block that is associated with the specified storage element for accesses to logical bloek data, the

subclause (i.e., 4.15.2.4) by maintaining synchronization between:

a) the processing described in 4.15.2.2, if any; and
b) the commands being processed.

command specifies one or more logical blocks that are in the process modified‘by. the processing described
15.2.2, then the device server may delay the processing of that command until those logical blocks have

%4

-6) or an |_T nexus loss even (see SAM-6), then the deviceserver shall resume processing of depopulatio

-

e processing of depopulation with zone modifications'that is interrupted by a power on event (see SAM-6),

a) the device server shall not perform any of the processing described in 4.15.2.2 until a REMOVE
ELEMENT AND MODIFY ZONES comimand (see 5.5) has been processed without errors; and

b) while the device server is not performing the processing described in 4.15.2.2, a REQUEST SENSE
command (see SPC-6) shall reportthat a depopulation with zone modifications has been interrupted
(see 4.15.2.2).
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5 Commands for zoned block devices

5.1

Commands for zoned block devices overview

5.1.1 Summary of commands for zoned block devices

For

zoned block devices, the contents of the PERIPHERAL DEVICE TYPE field in the standard INQUIRY data

(see SPC-6) indicate the command support requirements as described in 4.1.2.

Tab

5.1

Tab
CD

e 19 summarizes the commands that are unique to zoned block devices.

Table 19 — Summary of commands that are unique to zoned block devices

Table 20
Command Operation code 2 | CDB format b | Reference
CLOSE ZONE 94h/01h Yes 5.2
FINISH ZONE 94h/02h Yes 5.3
OPEN ZONE 94h/03h Yes 5.4
REMOVE ELEMENT AND MODIFY ZONES 9Eh/1Ah No 5.5
REPORT REALMS 95h/06h No 5.6
REPORT ZONE DOMAINS 95h/07h No 5.7
REPORT ZONES 95h/00h No 5.8
RESET WRITE POINTER 94h/04h Yes 5.9
SEQUENTIALIZE ZONE 94h/10h Yes 5.10
ZONE ACTIVATE 95h/08h No 5.1
ZONE QUERY 95h/09h No 5.12
@ For operation codes 94h and 95h, combinations of operation code and service action not shown
in this table are reseryed.
b Yes means that the ©DB format described in 5.1.2 is used. No means that a CDB format other
than the one deseribed in 5.1.2 is used.

R Zoned block device 16-byte CDB format with no data transfer

e 20 shows ‘the typical format of a 16-byte CDB for some zoned block device commands (see table 19). Th
B format'shown in table 20 includes common locations for:

a) «the ZONE ID field;
b)~the ZONE COUNT field; and

C) e ALL DIL
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Table 20 — Typical 16-byte zoned block device CDB format with no data transfer

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (94h)
1 Command specific fields, if any SERVICE ACTION
2 (MSB)
oo ZONE ID
9 (LSB)
10
Command specific fields, if any
1
12 (MSB)
ZONE COUNT
13 (LSB)
14 Command specific fields, if any ALL
15 CONTROL

Thel OPERATION CODE field, SERVICE ACTION field, CONTROL bytei.ahd command specific fields are defined by each
zongd block device command.

Thel usage of the zONE ID field and the ZONE COUNT field,depends on the value of the ALL bit.
If the ALL bit is set to zero, then:

a) the zoNE ID field specifies the lowest LBA of a write pointer zone;

b) if the ZONE COUNT field is set to:

A) zero or one, then the command requests the device server to perform the requested operation on
the zone specified by the.zONE ID field; and

B) a value greater than ane, then the command requests the device server to perform the requested
operation on the zofe)range specified by the zoNE ID field and the ZONE COUNT field;

and

c) the device server shall terminate the command with CHECK CONDITION status:

A) with the sense’key set to ILLEGAL REQUEST and the additional sense code set to LOGICAL
BLOCK.ABDRESS OUT OF RANGE, if:

a) thezoNE ID field specifies an LBA that is greater than the zoned maximum address; or
b) sthe specified zone range, if any, includes an LBA that is greater than the zoned maximum
address;

B)_\with the sense key set to DATA PROTECT and the additional sense code set to ZONE IS READ
ONLY, if the ZONE COUNT field is set to zero and the ZONE ID field specifies zone with a Zone
Condition of READ ONLY;

C) with the sense key set to DATA PROTECT and the additional sense code set to ZONE IS OFFLINE,
if the ZONE COUNT field is set to zero and the zONE ID field specifies zone with a Zone Condition
OFFLINE;

D) with the sense key set to DATA PROTECT and the additional sense code set to ZONE IS INACTIVE,
if the ZONE COUNT field is set to zero and the ZONE ID field specifies zone with a Zone Condition
INACTIVE;
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E) with the sense key set to ILLEGAL REQUEST and the additional sense code set to ATTEMPT TO

ACCESS GAP ZONE, if:
a) the zoNE ID field specifies an LBA that is in a gap zone (see 4.5.4); or
b) the specified zone range, if any, includes a gap zone;

F) with the sense key and additional sense code set to the values specified for any command specific

errors, see:

a) 5.2 for the CLOSE ZONE command;
b) 5.3 for the FINISH ZONE command;
c) 5.4 for the OPEN ZONE command;

d) 5.9 forthe RESET WRITE POINER command; and
e) 5.10 for the SEQUENTIALIZE ZONE command,;
and

G) with the sense key set to ILLEGAL REQUEST and the additional sense code set to INVALIDFIEL

IN CDB, if:
a) the zoNE ID field:
A) does not specify the lowest LBA of a zone; or
B) specifies a conventional zone;
or
b) the specified zone range, if any, includes:
A) a zone that is a conventional zone; or
B) more than one zone domain (see 4.2.4.2).

If the ALL bit set to one, then:

a)

the command requests the device server to:
A) ignore the contents of the zONE ID field; and

B) perform the requested operation as defined for the comimand, if the ZONE COUNT field is set to zerd|;

and

if the ZONE COUNT field is not set to zero, then the devieé server shall terminated the command with
CHECK CONDITION status, with the sense key setto ILLEGAL REQUEST and the additional sense
code set to INVALID FIELD IN CDB.

© ISO/IEC 2024 - All rights reserved
73


https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

5.2 CLOSE ZONE command

The CLOSE ZONE command (see table 21) requests the device server to perform close zone operations

(see 4.5.3.2.3).

Table 21 — CLOSE ZONE command

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (94h)

1 Reserved SERVICE ACTION (01h)

2 (MSB)

oo ZONE ID

9 (LSB)

10

Reserved
1
12 (MSB)
ZONE COUNT

13 (LSB)

14 Reserved ALL

15 CONTROL
Thel OPERATION CODE field and the SERVICE ACTION figld are defined in SPC-6 and shall be set to the values
shopn in table 21 for the CLOSE ZONE command.
Thel zONE ID field, ZONE COUNT field, and ALL bit'are defined in 5.1.2.
Forla domains and realms zoned block device (see 4.2.4), the device server shall terminate the command with
CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST and the additional sense code set

INV]

The

ALID FIELD IN CDB, if the ALL bit is set to zero, and:

a) the zoNE ID field specijfies.an LBA that is in a sequential or before required zone (see 4.5.3.5); or
b) the specified zone range (see 5.1.2), if any, includes a sequential or before required zone.

CONTROL byte is defined in SAM-6.
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If the CLOSE ZONE command is not terminated with CHECK CONDITION status (see 5.1.2), then the device
server processes the command as described in table 22.

Table 22 — CLOSE ZONE command processing

ZONE COUNT field | ALL bit | Description
If the specified zone has a Zone Condition of:
a) EMPTY, CLOSED, or FULL, then the device server shall make no changes
Zero-or-one. Zzaro inthe Zaone Condition and naot return an SO and
b) IMPLICITLY OPENED or EXPLICITLY OPENED, then the device server shall
perform a close zone operation (see 4.5.3.2.3) on the specified zone’
For each zone in the specified zone range that has a Zone Condition'of
twp or more zero IMPLICITLY OPENED or EXPLICITLY OPENED, the device server shall perform a
close zone operation.
For each zone that has a Zone Condition of IMPLICITLY OPENED or EXPLICITLY
zefo one : .
OPENED, the device server shall perform a close zone operation.
non-zero one See 5.1.2.
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5.3 FINISH ZONE command

The FINISH ZONE command (see table 23) requests the device server to perform finish zone operations
(see 4.5.3.2.4).

The device server returns the initialization pattern for all unwritten LBAs in this zone (see 4.5.3.3, 4.5.3.4, and
4.5.3.5) in response to a read operation. The device server may write the initialization pattern to the media for
unwritten LBAs.

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (94h)

1 Reserved SERVICE ACTION (02h)

2 (MSB)

. ZONE ID

9 (LSB)

10

Reserved
1
12 (MSB)
ZONEGOUNT

13 (LSB)

14 Reserved ALL

15 CONTROL
Thel OPERATION CODE field and the SERVICE ACTION field are defined in SPC-6 and shall be set to the values
shopn in table 23 for the FINISH ZONE command.
Thel zONE ID field, ZONE COUNT fieldand ALL bit are defined in 5.1.2.
Forla domains and realms zoned.block device (see 4.2.4), the device server shall terminate the command with
CHIECK CONDITION status, with the sense key set to ILLEGAL REQUEST and the additional sense code set

INV]

The

a)

b)

ALID FIELD IN CDB;f\the ALL bit is set to:

CONTROL byte is defined in SAM-6.

zero and:

A) the zoNEID field specifies an LBA that is in a sequential or before required zone (see 4.5.3.5); or
B) thesspecified zone range (see 5.1.2), if any, includes a sequential or before required zone;

and

oné:and at least one sequential or before required zone has a Zone Condition of IMPLICITLY OPENED.
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If the FINISH ZONE command is not terminated with CHECK CONDITION status (see 5.1.2), then the device
server processes the command as described in table 24.

Table 24 — FINISH ZONE command processing

ZONE COUNT field | ALL bit | Description
If the specified zone has a Zone Condition of:

a) FULL, then the device server shall make no changes in the Zone
Candition and nat return an arrar- and

zefo or one zero ’

b) IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or EMPTY, then the
device server shall perform a finish zone operation (see 4.5.3.2.4)
on the specified zone.

For each zone in the specified zone range that has a Zone Conditior of
twp or more zero IMPLICITLY OPENED, EXPLICITLY OPENED, or CLOSED, the device sé€rver shall

perform a finish zone operation.

For each zone that has a Zone Condition of IMPLICITLY. OPENED, EXPLICITLY
zefo one . s .

OPENED, or CLOSED, the device server shall perform,a finish zone operation.
non-zero one See 5.1.2.
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5.4 OPEN ZONE command

The OPEN ZONE command (see table 25) requests the device server to perform open zone operations
(see 4.5.3.2.2).

Table 25 — OPEN ZONE command

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (94h)
1 Reserved SERVICE ACTION (03h)
2 (MSB)
oo ZONE ID
9 (LSB)
10
Reserved
1
12 (MSB)
ZONE COUNT
13 (LSB)
14 Reserved ALL
15 CONTROL
The| OPERATION CODE field and the SERVICE ACTION field"are defined in SPC-6 and shall be set to the values
shown in table 25 for the OPEN ZONE command:

The

The
DAT
MAX

For
CH
INV]

ZONE ID field, ZONE COUNT field, and ALL bit‘are defined in 5.1.2.

device server shall terminate the command with CHECK CONDITION status, with the sense key set to
[A PROTECT and the additional sense code set to INSUFFICIENT ZONE RESOURCES, if the value in the]
IMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field (see 6.5.2) is less than or equal to the sum ¢

o

a) the number of sequential.write required zones (see 4.5.3.4) in the logical unit with a Zone Condition of
EXPLICITLY OPENED;.and
b) the number of sequential write required zones in:
A) the specified zone range (see 5.1.2) with a Zone Condition of IMPLICITLY OPENED, CLOSED, or EMPTY,
if the A bit'is set to zero; or
B) the lagieal unit with a Zone Condition of CLOSED, if the ALL bit is set to one.

a domain$ and realms zoned block device (see 4.2.4), the device server shall terminate the command with
FCK CONDITION status, with the sense key set to ILLEGAL REQUEST and the additional sense code set o
ALIE KIELD IN CDB, if the ALL bit is set to zero, and:

a) the zoNE 1D field Qpp{‘ifin an| BAthatisina qpqupnfial ar befare rpquirpd zane (Qpp 453 ‘3)' ar

The

b) the specified zone range (see 5.1.2), if any, includes a sequential or before required zone.

CONTROL byte is defined in SAM-6.
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If the OPEN ZONE command is not terminated with CHECK CONDITION status (see 5.1.2), then the device
server processes the command as described in table 26.

Table 26 — OPEN ZONE command processing

ZONE COUNT field | ALL bit | Description

If the specified zone has a Zone Condition of:
a) EXPLICITLY OPENED or FULL, then the device server shall make no
Zero-or-one. Zzaro r\hnngne inthe Zone Condition and naot return an SrOL; and
b) IMPLICITLY OPENED, CLOSED, or EMPTY, then the device server shall
perform an open zone operation (see 4.5.3.2.2) on the specified zone.

For each zone in the specified zone range that has a Zone Condition'of
twp or more zero IMPLICITLY OPENED, CLOSED, or EMPTY, the device server shall perférm-an
open zone operation.

For each zone that has a Zone Condition of CLOSED, the dévice server shall

zefo one .
perform an open zone operation.

non-zero one See 5.1.2.

5.5 REMOVE ELEMENT AND MODIFY ZONES command

Thel REMOVE ELEMENT AND MODIFY ZONES command (see table 27) requests that the device server
perform storage element depopulation with zone modifications, (see 4.15.2 and SBC-5). For additional
information about storage element depopulation, see SBC-5,

If dr:ferred microcode has been saved and not activated (see SPC-6), then the device server shall terminate th
command with CHECK CONDITION status with the sense key set to NOT READY and the additional sense cod
set jo LOGICAL UNIT NOT READY, MICROCODEACTIVATION REQUIRED.

Table 27 — REMOVE ELEMENT AND MODIFY ZONES command

[N

B'theit 7 6 5 4 3 2 1 0
0 OPERATION CODE (9Eh)
1 Reserved SERVICE ACTION (1Ah)
2
oo Reserved
9
10 (MSB)
o6 ELEMENT IDENTIFIER
13 (LSB)
14 Reserved
15 CONTROL

The OPERATION CODE field and the SERVICE ACTION field are defined in SPC-6 and shall be set to the values
shown in table 27 for the REMOVE ELEMENT AND MODIFY ZONES command.
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The ELEMENT IDENTIFIER field specifies the element identifier associated with the storage element (see SBC-5) to
be depopulated. The device server shall terminate the command with CHECK CONDITION status with the sense
key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CDB, if the ELEMENT
IDENTIFIER field specifies a physical element:

a) thatis not supported by the device server (see SBC-5);

b) for which the device server does not support depopulation; or

c) thatis not a storage element, (i.e., the PHYSICAL ELEMENT TYPE field in the GET PHYSICAL ELEMENT
STATUS parameter data (see SBC-5) is not set to 01h in the corresponding physical element status

descrintor)
Py

If the ELEMENT IDENTIFIER field specifies an element identifier that is associated with a storage element that’is
depppulated, then the device server shall make no changes and not consider this an error.

Thel CONTROL byte is defined in SAM-6.

Aftdr successful command completion, further storage element depopulation with zone modificatien's processing
may occur as described in 4.15.2 and SBC-5.
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5.6 REPORT REALMS command

5.6.1 REPORT REALMS command overview

The REPORT REALMS command (see table 28) requests that the device server transfer parameter data
describing the realms structure (see 5.6.2) of the zoned block device.

Table 28 — REPORT REALMS command

Jy?e't 7 6 5 4 3 2 1 0
0 OPERATION CODE (95h)
1 Reserved SERVICE ACTION (06h)
2 (MSB)
oo REALM LOCATOR
9 (LSB)
10 (MSB)
oo ALLOCATION LENGTH
13 (LSB)
14 Reserved RERORTING OPTIONS
15 CONTROL

The] OPERATION CODE field and the SERVICE ACTION fieldiare defined in SPC-6 and shall be set to the values
shown in table 28 for the REPORT REALMS command.

Thel REALM LOCATOR field specifies information<that locates the first realm to be reported. The first realm
deskpriptor (see 5.6.2.2) shall describe:

a) the realm that contains the LBA specified by the REALM LOCATOR field, if that realm meets the criteria
specified by the REPORTING,OPTIONS field; or

b) the first realm, if any, that:
A) meets the criteria,specified by the REPORTING OPTIONS field; and
B) contains an LBA that is greater than the value in the REALM LOCATOR field.

If the REALM LOCATOR field specifies an LBA that is greater than the zoned maximum address, then the device
seryer shall terminatethe command with CHECK CONDITION status, with the sense key set to ILLEGAL
REQUEST, and the“additional sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE.

Thel ALLOCATIONLENGTH field is defined in SPC-6. If the allocation length is less than 64, the device server sha
ternpinate the.command with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, and th
addjtionalisense code set to INVALID FIELD IN CDB.
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The REPORTING OPTIONS field (see table 29) specifies the information to be returned in the parameter data.

Table 29 — REPORT REALMS REPORTING OPTIONS field

Code Description
00h Report all realms
01h Report all realms that contain Sequential Or Before Required zones that are active zones
02h Report all realms that contain Sequential Write Required zones that are active zones
03h Report all realms that contain Sequential Write Preferred zones that are active zones
all others | Reserved

Thel CONTROL byte is defined in SAM-6.
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5.6.2 REPORT REALMS parameter data
5.6.2.1 REPORT REALMS parameter data overview

The REPORT REALMS parameter data (see table 30) contains information about the specified zone domains
starting with the zone domain specified by the ZONE DOMAIN LOCATOR field.

Table 30 — REPORT REALMS parameter data

Bit 7 6 5 2 3 2 1 0

0 (MSB)

o0 REALMS DESCRIPTORS LIST LENGTH (n—63)

3 (LSB)

4 (MSB)

oo REALMS COUNT

7 (LSB)

8 (MSB)

oo REALMS DESCRIPTOR LENGTH

11 (LSB)

12 (MSB)

oo NEXT REALM LOCATOR

19 (LSB)

PO

. Reserved

Realm descriptors list

. Realm descriptor [first] (see 5.6.2.2)

63+r?

oo Realm descriptor [last] (see 5.6.2.2)

@ Where r equals the contents of the REALMS DESCRIPTOR LENGTH field.

The REALMS DESCRIPTORS LIST LENGTH field indicates the number of bytes in the realm descriptors list.
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The REALMS COUNT field indicates the number of realms configured on the device server. The value in the REALMS
COUNT field shall not be affected by:

a) the contents of the REPORTING OPTIONS field (see 5.6.1);
b) the contents of the REALM LOCATOR field (see 5.6.1); or
c) the contents of or number of realms descriptors returned in the REPORT REALMS parameter data.

The REALMS DESCRIPTOR LENGTH field indicates the number of bytes in one realm descriptor (see 5.6.2.2).

The NEXT REALMS LOCATOR field indicates a possible contents for a subsequent REPORT REALMS command
as fpliow

a) contains the last realm descriptor requested by the REPORT REALMS command (see 5.6.1), thenthe
NEXT REALM LOCATOR field shall be set to zero; and

b) does not contain the last realm descriptor requested by the REPORT REALMS command, thenh.a
subsequent REPORT REALMS command should return data that begins reporting realms where this
REPORT REALMS command stopped, if that subsequent REPORT REALMS command.has:
A) the REALM LOCATOR field (see 5.6.1) set to the value in this NEXT REALM LOCATOR field; and
B) the REPORTING OPTIONS field (see 5.6.1) set to the same value as the REPORTING OPTIONS field of this

REPORT REALMS command.

The realm descriptors contain information about the specified realms as defined in$:6:2.2.
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5.6.2.2 Realm descriptor
5.6.2.2.1 Realm descriptor overview

Each realm descriptor (see table 31) contains information about one realm and all the zone domains included in
that realm. The contents of the REALM LOCATOR field (see 5.6.1) shall not affect the zone domains included in any
realm descriptor. The realm descriptors shall be sorted in ascending order based on the contents of the REALM ID
field.

Table 31 — Realm descriptor

By?e" 7 6 5 4 3 2 1 0
0 (MSB)
oo REALM ID
3 (LSB)
4 (MSB)
REALM RESTRICTIONS
5 (LSB)
6 Reserved
7 ACTIVE ZONE DOMAIN‘D
8
" Reserved
|5
Realm Start/End descriptors list
16
oo Realm,Start/End descriptor for zone domain 0
B1
B2
oo Realm Start/End descriptor for zone domain 1
17
18
oo Realm Start/End descriptor for zone domain 2, if any
53
n-15
oo Realm Start/End descriptor for zone domain zd 2, if any
n
@ Where zd is one less than the value in the NUMBER OF SUPPORTED ZONE DOMAINS field in the parameter
data returned by the REPORT ZONE DOMAINS command (see 5.7).
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REALM ID field indicates the identifier number assigned to this realm. Realms are numbered from 0 to n

incrementing by one for each realm.

The

REALM RESTRICTIONS field (see table 32) indicates what restrictions, if any, affect this realm.

Table 32 — REALM RESTRICTIONS field

Code Description

0000h No restrictions affect this realm.

The
acti
sha

5.6.

Ead
des

0001h The Restrict Zone Activate realm attribute (see 4.4.3) is true.

The Restrict Zone Activate realm attribute (see 4.4.3) is true and the

0003h Restrict Write Pointer Reset realm attribute (see 4.4.2) is true.

all others | Reserved

ACTIVE ZONE DOMAIN ID field indicates the zone domain ID (see 4.2.4.2) of the zone demain that contains
Ve zones in this realm. If no zone domain contains active zones in this realm, the ACTIVE ZONE DOMAIN ID fiel
| contain FFh.

2.2.2 Realm Start/End descriptor

h realm start/end descriptor (see table 33) contains information about'one zone domain that is in the realm
cribed by this realm descriptor (see 5.6.2.2.2).

Table 33 — Realm Start/End descriptor

Byte

Bit 7 6 5 4 3 2 1 0

0

o REALM STARTING LBA

7

8

oo REALM ENDING LBA

15

The
des
REA

The
des
star
ZOl

REALM STARTING LBA(ield shall contain the lowest LBA in the realm described by this realm start/end
Criptor The processing of a ZONE ACTIVATE command (see 5.11) may result in the contents of the
| M STARTING LBA\field changing (see 4.2.4.7).

REALM ENDING LBA field shall contain the highest LBA in the realm described by this realm start/end
Criptor. AREALM ENDING LBA field set to zero indicates that the zone domain associated with this realm
t/end descriptor is not contained in the realm described by this realm descriptor The processing of a
NE-ACTIVATE command may result in the contents of the REALM ENDING LBA field changing (see 4.2.4.7).
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REPORT ZONE DOMAINS command

1 REPORT ZONE DOMAINS command overview

The REPORT ZONE DOMAINS command (see table 34) requests that the device server transfer parameter data
describing the zone domains structure (see 5.7.2) of the zoned block device.

Table 34 — REPORT ZONE DOMAINS command

Ejy?e't 7 6 5 4 3 2 1 0
0 OPERATION CODE (95h)
1 Reserved SERVICE ACTION (07h)
2 (MSB)
oo ZONE DOMAIN LOCATOR
9 (LSB)
10 (MSB)
oo ALLOCATION LENGTH
13 (LSB)
14 Reserved RERORTING OPTIONS
|5 CONTROL
Thel OPERATION CODE field and the SERVICE ACTION fieldiare defined in SPC-6 and shall be set to the values

sho

The
zon

If th
dev
RE

The

ternpinate the.command with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, and th

add

vn in table 34 for the REPORT ZONE DOMAINS-command.

ZONE DOMAIN LOCATOR field specifies informyation that locates the first zone domain to be reported. The firs
e domain descriptor (see 5.7.2) shall describe:

a) the zone domain that contains the'LBA specified the ZONE DOMAIN LOCATOR field, if that zone domain
meets the criteria specified,by the REPORTING OPTIONS field; or

b) the first zone domain, if afiy, that:
A) meets the criteria,specified by the REPORTING OPTIONS field; and
B) contains an LBA that is greater than the value in the ZONE DOMAIN LOCATOR field.

£ ZONE DOMAIN LOCATOR field specifies an LBA that is greater than the zoned maximum address, then the
ce server shall tefminate the command with CHECK CONDITION status, with the sense key set to ILLEGA
DUEST, and the‘additional sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE.

ALLOCATIONLENGTH field is defined in SPC-6. If the allocation length is less than 160, the device server shg

tionalisense code set to INVALID FIELD IN CDB.

|
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The REPORTING OPTIONS field (see table 35) specifies the information to be returned in the parameter data.

Table 35 - REPORT ZONE DOMAINS REPORTING OPTIONS field

Code Description
00h Report all zone domains
01h Report all zone domains in which all zones are active
02h Report all zone domains that contain active zones
03h Report all zone domains that do not contain any active zones
all others | Reserved

Thel CONTROL byte is defined in SAM-6.
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5.7.2 REPORT ZONE DOMAINS parameter data

The REPORT ZONE DOMAINS parameter data (see table 36) contains information about the specified zone
domains starting with the zone domain specified by the ZONE DOMAIN LOCATOR field.

Table 36 — REPORT ZONE DOMAINS parameter data

Btheit 7 6 5 4 3 2 0
0 (MSB)
. ZONE DOMAINS LIST LENGTH (n—63)
3 (LSB)
4 (MSB)
oo ZONE DOMAINS RETURNED LIST LENGTH
7 (LSB)
8 NUMBER OF ZONE DOMAINS SUPPORTED
9 ZONE DOMAINS REPORTED
10 REPORTING OPTIONS
11
oo Reserved
15
16 (MSB)
oe ZONE DOMAIN LOCATOR
P3 (LSB)
P4
oo Reserved
53
Zone domain descriptors list
54
. Zone domain descriptor [first]
159
n-95
oo Zone domain descriptor [last]
n

The ZONE DOMAINS LIST LENGTH field indicates the length in bytes of the zone domain descriptors list. The
contents of the ZONE DOMAINS LIST LENGTH field shall not altered based on the allocation length (see SPC-6).
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The ZONE DOMAINS RETURNED LIST LENGTH field indicates the length in bytes of the part of the zone domain

descriptors list that are being returned for the application client to process. If the allocation length (see SPC-6) is
not sufficient to contain all of the contents of the zone domain descriptors list, then the ZONE DOMAINS RETURNED
LIST LENGTH field shall be altered to indicate the truncation of the zone domain descriptors list.

The NUMBER OF ZONE DOMAINS SUPPORTED field indicates the total number of zone domains supported by the
device server, regardless of the value of the REPORTING OPTIONS field.

The ZONE DOMAINS REPORTED field indicates the number of zone domain descriptors returned based on the
REPORTING OPTIONS field and the ZONE DOMAIN LOCATOR field.

Thel REPORTING OPTIONS field in the parameter data is a copy of the REPORTING OPTIONS field in the REPORT
ZOINE DOMAINS command (see 5.7.1).
Thel ZONE DOMAIN LOCATOR field in the parameter data is a copy of the ZONE DOMAIN LOCATOR field in the
REFPORT ZONE DOMAINS command (see 5.7.1).
Eagh zone domain descriptor (see table 37) describes one zone domain (see 4.2.4.2). Zone démain descriptors
shall be sorted in order of increasing value of the ZONE DOMAIN ID field.
Table 37 — Zone domain descriptor
Bit
Byte 7 6 5 4 3 1 0

0 ZONE DOMAIN ID

1

oo Reserved

15

16 (MSB)

oo ZONE COUNT

p3 (LSB)

Z) (MSB)

oo STARTING LBA

B1 (LSB)

B2 (MSB)

oo ENDING LBA

B9 (LSB)

10 ZONE DOMAIN ZONE TYPE

11 Reserved

12 Reserved VzZDZT SRB

43

oo Reserved

95

The zONE DOMAIN ID field indicates the zone domain ID (see 4.2.4.2) associated with this zone domain.

The zONE COUNT field indicates the number of zones in this zone domain.
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The STARTING LBA field indicates the starting LBA for this zone domain.
The ENDING LBA field indicates the ending LBA for this zone domain.
The contents of the ZONE DOMAIN ZONE TYPE field depend on the value of the vzDzT bit. If the vzDzT bit is set to:

a) zero, then:
A) the Zone Type (see 4.3.2) for all zones in this zone domain may or may not be the same; and
B) the contents of the ZONE DOMAIN ZONE TYPE field are invalid,;
and

b) SRe; than-:

A) the Zone Type attribute for all zones in this zone domain is the same; and
B) the zONE DOMAIN ZONE TYPE field indicates that zone type as described in table 43.

If the valid zone domain zone type (vzDzT) bit is set to:

a) zero, then the contents of the ZONE DOMAIN ZONE TYPE field are invalid; and
b) one, then the contents of the ZONE DOMAIN ZONE TYPE field are valid.

An $hifting realm boundaries (SRB) bit set to zero indicates that realm boundaries do not shift during the
progessing of a ZONE ACTIVATE command (see 5.11). An SRB bit set to one indicates that realm boundaries
may shift during the processing of a ZONE ACTIVATE command. Other realm boundary considerations are
despribed in 4.2.4.7.
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5.8 REPORT ZONES command

5.8.1 REPORT ZONES command overview

The REPORT ZONES command (see table 38) requests that the device server transfer parameter data
describing the zone structure of the zoned block device.

Table 38 — REPORT ZONES command

Jy?e't 7 6 5 4 3 2 1 0
0 OPERATION CODE (95h)
1 Reserved SERVICE ACTION (00h)
2 (MSB)
oo ZONE START LBA
9 (LSB)
10 (MSB)
oo ALLOCATION LENGTH
13 (LSB)
14 PARTIAL Reserved RERORTING OPTIONS
15 CONTROL

The| OPERATION CODE field and the SERVICE ACTION fieldiare defined in SPC-6 and shall be set to the values
shown in table 38 for the REPORT ZONES command.

Thel ZONE START LBA field specifies an LBA in the-first zone to be reported. If the ZONE START LBA field does not
sperfify the lowest LBA of a zone, then the device server uses the lowest LBA of the zone that contains the

sperified LBA to specify the first zone to-be feported. If the ZONE START LBA field specifies an LBA that is greate
tham the value in the MAXIMUM LBA field (see table 42), then the device server shall terminate the command with
CHECK CONDITION status, with the.sense key set to ILLEGAL REQUEST, and the additional sense code set f

LOGICAL BLOCK ADDRESS OUT'OF RANGE.

The| ALLOCATION LENGTH field, is-defined in SPC-6.

The| PARTIAL bit modifies thHe definition of the ZONE LIST LENGTH field as described in 5.8.2.

r

9]
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The REPORTING OPTIONS field (see table 39) specifies the information to be returned in the parameter data.

Table 39 — REPORT ZONES REPORTING OPTIONS field

Code Description

00h List all of the zones in the zoned block device.

01h List the zones with a Zone Condition of EMPTY.

02h List the zones with a Zone Condition of IMPLICITLY OPENED.

03h List the zones with a Zone Condition of EXPLICITLY OPENED.

04h List the zones with a Zone Condition of CLOSED.

05h List the zones with a Zone Condition of FULL.

06h List the zones with a Zone Condition of READ ONLY.

07h List the zones with a Zone Condition of OFFLINE.

08h List the zones with a Zone Condition of INACTIVE.
09%h to OFh | Reserved

10h List of the zones with RWP Recommended (see 4.3.5)'set to true.

11h List of the zones with Non-Sequential Write Resoutces Active (see 4.3.6) set to true.
12h to 3Dh | Reserved

3Eh List all of the zones in the zoned block device, except zones with a Zone Type of GAP.

3Fh List of the zones with a Zone Condition of NOT WRITE POINTER.

Thel CONTROL byte is defined in SAM-6.

© ISO/IEC 2024 - All rights reserved
93



https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

5.8.2 REPORT ZONES parameter data

The REPORT ZONES parameter data is defined in table 40.

Table 40 - REPORT ZONES parameter data

Bit

Byte 7 6 5 4 3 2 1 0

0 (I\IIQB)

oo ZONE LIST LENGTH (n—63)

3 (LSB)

4 Reserved SAME

. Reserved

8 (MSB)

o MAXIMUM LBA

15 (LSB)

16 (MSB)

oo REPORTED ZONE STARTING LBA GRANULARITY

D3 (LSB)

P4

. Reserved

Zone descriptors list

oo Zone descriptor [first]

oo Zone descriptor [last]

The ZONE LIST LENGTH field shall contain the length in bytes of the zone descriptors list. The zone descriptors list
is the list of zones that:

a) meet the requirements of the REPORTING OPTIONS field; and
b) include the LBA specified by the ZONE START LBA field or have a lowest LBA that is greater than the LBA
specified by the ZONE START LBA field.
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If the PARTIAL bit (see 5.8.1) is set to zero, then the content of the ZONE LIST LENGTH field is not altered based on
the allocation length (see SPC-6). If the PARTIAL bit is set to one then the ZONE LIST LENGTH field shall be set to the
lesser of:

a) the allocation length minus 64 if the allocation length is greater than 64;
b) zero if the allocation length is less than or equal to 64; or
c) the length of the zone descriptors list.

The sAME field is defined in table 41. If the ZONE LIST LENGTH field is zero then the SAME field is invalid and should
be ignored by the application client. If the last zone descriptor is an incomplete zone descriptor (e.g., as a result
of thhe PARTIAL bit being set to one and the allocation length not being a multiple of 64), then that zone descriptqr
shall be included in the determination of the value of the SAME field.

Table 41 — sAME field description

Code Description
Oh The zone type and zone length in each zone descriptor may be different.
1h The zone type and zone length in each zone descriptor are equal to-the'zone type and zone

length indicated in the first zone descriptor in the zone descriptordist:

2h The zone type in each zone descriptor is equal to the zone type'indicated in the first zone
descriptor in the zone descriptor list. The zone length of each/zone except the last zone is
equal to the zone length of the first zone descriptor in the zone descriptor list. The zone
length of the last zone descriptor is different than the zone length of the first descriptor in the
zone descriptor list.

3h The zone type in each descriptor may be different. The zone length in each zone descriptor is
equal to the zone length indicated in the first\Zone descriptor in the zone descriptor list.

4h to Fh Reserved

Thel MAXIMUM LBA field contains the LBA of the lastfogical block on the logical unit.
If the ZONE ALIGNMENT METHOD field (see 6.5.2) is:

a) setto zero, then the REPORTEDZONE STARTING LBA GRANULARITY field shall be set to zero; and
b) not set to zero, then the REPORTED ZONE STARTING LBA GRANULARITY field shall be set to the value
contained in the ZONE STARTING LBA GRANULARITY field (see 6.5.2).
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The zone descriptors list contains zone descriptors that shall be sorted in ascending order based on the ZONE
START LBA field of each zone descriptor.

Each zone descriptor (see table 42) contains the description of a single zone.

Table 42 — Zone descriptor format

Byf’e“ 7 6 5 4 3 2 1 0
0 Reserved ZONE TYPE
1 ZONE CONDITION Reserved PUEP NON_SEQ RESET
2
oo Reserved
7
8 (MSB)
oo ZONE LENGTH
15 (LSB)
16 (MSB)
oo ZONE START LBA
3 (LSB)
D4 (MSB)
oo WRITE*POINTER LBA
B1 (LSB)
B2
oo Reserved
53
Thel zONE TYPE field indicatesthe-Zone Type (see 4.3.2) of the zone as described in table 43.
Table 43 — Zone descriptor zoNE TYPE field
Code Zone Type Reference

Oh Reserved

1h CONVENTIONAL 452

2h SEQUENTIAL WRITE REQUIRED 4534

3h SEQUENTIAL WRITE PREFERRED 4533

4h SEQUENTIAL OR BEFORE REQUIRED 4535

5h GAP 454

6h to Fh Reserved
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The zONE CcONDITION field indicates the Zone Condition (see 4.3.3) of the zone as described in table 44.

Thej value of the predicted unrecovered errors present (PUEP) bitiis based on Predicted Unrecovered Errors

Pre

The| value of the non-sequential (NON_SEQ) bit is based on Non-Sequential Write Resources Active (see 4.3.6)

If N

The value of the RESET bit is based on RWP Recommended (see 4.3.5). If RWP Recommended is:

Thel ZONE LENGTH field indicates the number of logical blocks in this zone.

The ZONE START LBA field indicates the lowest LBA in this zone.

The

command assogiated with this zone (i.e., the write pointer). The content of the WRITE POINTER LBA field is invalid |if

the

Table 44 — Zone descriptor ZONE CONDITION field

The content of the WRITE
Code Zone Condition POINTER LBA field is valid Reference

Oh NOT WRITE POINTER No

1h EMPTY Yes 45362
2h IMPLICITLY OPENED Yes 45.3.6.3
3h EXPLICITLY OPENED Yes 453.6.4
4h CLOSED Yes 4.5.3.6,5
5h INACTIVE No 4.573.6:9

6h to Ch Reserved

Dh READ ONLY No 45.36.7
Eh FULL No 4.5.3.6.6
Fh OFFLINE No 4.5.3.6.8

sent (see 4.3.7). If Predicted Unrecovered Errors Presents:

a) false, then the PUEP bit shall be set to zero; or
b) true, then the PUEP bit shall be set to one.

bn-Sequential Write Resources Active is:

a) false, then the NON_SEQ bit shall be'set to zero; or
b) true, then the NON_SEQ bit shall.be.set to one.

a) false, then the RESET bit'shall be set to zero; or
b) true, then the RESET hit shall be set to one.

WRITE POINTER.LEBA field indicates the starting LBA that the application client should specify in the next writ¢

content of\the ZONE CONDITION field (see table 44) indicates that the WRITE POINTER LBA field is invalid.
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5.9 RESET WRITE POINTER command

The RESET WRITE POINTER command (see table 45) requests the device server to perform reset write pointer
operations (see 4.5.3.2.5).

Table 45 - RESET WRITE POINTER command

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (94h)
1 Reserved SERVICE ACTION (04h)
2 (MSB)
oo ZONE ID
9 (LSB)
10

Reserved
11
12 (MSB)

ZONE COUNT

13 (LSB)
14 Reserved ALL
15 CONTROL

The| OPERATION CODE field and the SERVICE ACTION field"are defined in SPC-6 and shall be set to the values
shown in table 45 for the RESET WRITE POINTER command.

Thel ZONE ID field, ZONE COUNT field, and ALL bit'are defined in 5.1.2.

Forla domains and realms zoned block device (see 4.2.4), the device server shall terminate the command with
CHIECK CONDITION status, with the sense key set to ILLEGAL REQUEST and the additional sense code set tp
RE$ET WRITE POINTER NOT ALLOWED, if:

a) the zONE ID field specifies.an LBA that is in a zone that is associated with a Restrict Write Pointer Resdt
realm attribute (see-4.4:2) that is true; or

b) the specified zone'range, if any, includes a zone that is associated with a Restrict Write Pointer Reset
realm attribute-that is true.

Thel CONTROL byte-is. defined in SAM-6.
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If the RESET WRITE POINTER command is not terminated with CHECK CONDITION status (see 5.1.2), then
the device server processes the command as described in table 46.

Table 46 — RESET WRITE POINTER command processing

ZONE COUNT field | ALL bit | Description
If the specified zone has a Zone Condition of:
a) EMPTY, then the device server shall make no changes in the Zone
Candition and nat return an arrar- and
Zefo or one zero ’ .
b) IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or FULL, then the device
server shall perform a reset write pointer zone operation (see 4.53.25)
on the specified zone.
For each zone in the specified zone range that has a Zone Conditior of
twp or more zero IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or FULL, the deviecé server
shall perform a reset write pointer operation.
For each zone that has:
a) a Restrict Write Pointer Reset realm attribute (see 4.4.2) that is false
and
zefo one .
b) a Zone Condition of IMPLICITLY OPENED, \EXPLICITLY OPENED, CLOSED, Or
FULL,
the device server shall perform a reset write\pointer operation.
non-zero one See 5.1.2.

© ISO/IEC 2024 - All rights reserved
99



https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

5.10 SEQUENTIALIZE ZONE command

The SEQUENTIALIZE ZONE command (see table 47) requests the device server to perform sequentialize zone
operations (see 4.5.3.2.6).

Table 47 — SEQUENTIALIZE ZONE command

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (94h)
1 Reserved SERVICE ACTION (10h)
2 (MSB)
oo ZONE ID
9 (LSB)
10

Reserved
11
12 (MSB)

ZONE COUNT

13 (LSB)
14 Reserved ALL
15 CONTROL

The| OPERATION CODE field and the SERVICE ACTION field"are defined in SPC-6 and shall be set to the values
shown in table 47 for the SEQUENTIALIZE ZONE-command.

Thel ZONE ID field, ZONE COUNT field, and ALL bit'are defined in 5.1.2.

The device server shall terminated the command with CHECK CONDITION status with the sense key set to
ILLEGAL REQUEST and the additional*sense code set to INVALID FIELD IN CDB, if:

a) the zoNE ID field does nof‘specify a sequential write preferred zone (see 4.5.3.3); or
b) the specified zone range,.if any, includes a zone that is not a sequential write preferred zone.

Thel CONTROL byte is defingdyin SAM-6.

© ISO/IEC 2024 - All rights reserved
100



https://standardsiso.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

If the SEQUENTIALIZE ZONE command is not terminated with CHECK CONDITION status (see 5.1.2), then the
device server processes the command as described in table 48.

Table 48 — SEQUENTIALIZE ZONE command processing

ZONE COUNT field | ALL bit | Description
If the specified zone has a Zone Condition of:
a) EMPTY, then the device server shall make no changes in the Zone
Condition and not retiirn an arrar: and
Zeyo or one zero ’ .
b) IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or FULL, then the device
server shall perform a sequentialize zone operation (see 4.5.3.2.6),0n
the specified zone.
For each zone in the specified zone range that has a Zone Conditionof CLOSED,
twp or more zero . - .
the device server shall perform a sequentialize zone operation.
For each sequential write preferred zone (see 4.5.3.3) thatthas a Zone
zefo one Condition of IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or FULL, the
device server shall perform a sequentialize zone operation.
non-zero one See 5.1.2.
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5.11 ZONE ACTIVATE command

5.11.1 ZONE ACTIVATE command overview
The ZONE ACTIVATE command (see table 49) requests that the device server perform a zone activation
operation (see 4.5.3.2.7) that:

a) changes which zones are active zones and which zones are inactive zones; and
b) transfers the resulting parameter data.

Thﬁ device server shall process each ZONE ACTIVATE command as if it has an ORDERED task attribute (see
SAM-6).

Table 49 — ZONE ACTIVATE command

Bit
Blyte 7 6 5 4 3 2 1 0
0 OPERATION CODE (95h)
1 ALL Reserved SERVICE ACTION (08h)
2 (MSB)
.o ZONE ID
9 (LSB)
10 (MSB)
NUMBER QF _ZONES

11 (LSB)
12 (MSB)

ALLOCATION LENGTH
13 (LSB)
14 OTHER ZONE DOMAIN ID
15 CONTROL

Thel OPERATION CODE field and thé,SERVICE ACTION field are defined in SPC-6 and shall be set to the values
shojvn in table 49 for the ZONE ACTIVATE command.

An ALL bit set to:

a) zero specifies-that the zone activation operation is not requested to process all zones; and
b) one specifiesthat the zone activation operation is requested to process all zones.

If the ALL bit is-setto zero, the ZONE ID field specifies the lowest LBA of the write pointer zone (see 4.5.3) for
whith performiing a zone activation operation is requested.

If thie AL bit is set to one, the ZONE ID field is ignored.

If th
LBA specified in the zONE ID field for which performing a zone activation operation is requested.

The device server shall terminate the command with CHECK CONDITION status, with the sense key set to
ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD IN CDB, if the ALL bit is set to zero
and:

a) the NUMBER OF ZONES field is set to zero;
b) one or more LBAs in the specified zone range is:
A) not contained in a write pointer zone; or
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B) associated with a Restrict Zone Activate realm attribute (see 4.4.3) that is true;
or
c) the AAORB bit (see 6.5.2) is set to one and the specified zone range does not:
A) start on a realm boundary; and
B) end on arealm boundary.

If the ALL bit is set to one, the NUMBER OF ZONES field is ignored.

The

ALLOCATION LENGTH field is defined in SPC-6. If the allocation length is less than 64, the device server shall

terminate the command with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, and the

addjtional sense code set to INVALID FIELD IN CDB.

Thel OTHER ZONE DOMAIN ID field specifies a second zone domain, if any, for which performing a zone activation
opefation is requested (see 5.11.2). In some cases, the device server is able to determine all necessary/zone

do

fielg
by t
the

The
The
The

5.11

This

(se¢ 5.12) identifies:

The
ope

The

This
(e.d
If th

ain information without a specified second domain. If table 50 does not describe the OTHER ZONE(DOMAIN 1
as ignored and the OTHER ZONE DOMAIN ID field contains a zone domain ID (see 4.2.4.2) that i$ hot supporte]
he device server, then the device server shall terminate the command with CHECK CONDITHION status, wit
sense key set to ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD IN CDB.

CONTROL byte is defined in SAM-6.
parameter data returned by a ZONE ACTIVATE command is defined in 5.11.3+

o O

device server shall process the ZONE ACTIVATE command by:
1) identifying the candidate zones to activate and the candidate zones to"deactivate (see 5.11.2); and
2) if no errors are detected in step 1), then performing a zone activation operation (see 4.5.3.2.7).

.2 ldentifying the candidate zones to activate and the candidate zones to deactivate

subclause (i.e., 5.11.2) defines how a ZONE ACTIVATE ¢ommand (see 5.11) or a ZONE QUERY commangd

a) the candidate zones to active; and
b) the candidate zones to deactivate.

candidate zones to activate and the candidate zones to deactivate that are inputs to the zone activation
Fation (see 4.5.3.2.7).

command fields (see 5.11.1) used jmthis subclause (i.e., 5.11.2) are:

a) the ALL bit;

b) the zoNE ID field;

c) the NUMBER OF ZONES field; and
d) the OTHER ZONE DOMAWID field.

subclause (i.e., 5.11.2) ignores some command fields if other command fields specify equivalent information
., if the ALL bit is setfo one, the NUMBER OF ZONES field is ignored).

e ALL bit is set fo'one, then:

a) the candidate zones to activate are all zones in the zone domain specified by the OTHER ZONE DOMAIN 1P
field-that are associated with a Restrict Zone Activate realm attribute (see 4.4.3) that is false; and
b) «the candidate zones to deactivate are zones that are:

If th

A) in any zone domain except the zone domain specified by the OTHER ZONE DOMAIN ID field; and
—— BJ associated with a Restrict Zone Activate teatm attribote that s fatse—————————_
e ALL bit is set to zero, then:

a) the specified zone range is the set of zones starting with the value of the ZONE ID field and extending for
the number of zones specified by the NUMBER OF ZONES field; and

b) table 50 defines how the specified zone range is used to identify the candidate zones to activate and the
candidate zones to deactivate.
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Table 50 — Selecting candidate zones to activate and deactivate with ALL bit set to zero (part 1 of 2)

Zone Conditions
in the specified
zone range

Activation
aligned
on realm
boundaries 2

Candidate zones to activate

Candidate zones to deactivate

The zone domain and the

candidate zanes to deactivvate

All specified zones
are inactive zones

No

Yes

The zone domain to activate is
the zone domain that contains
the specified zone range.

The candidate zones to activate
are the zones in the specified
zone range.

The OTHER ZONE DOMAIN ID field
is ignored.

are determined by the device
server using the specifiedzone
range. P

The device server shall select
zones to deactivate-that have a
Zone Condition’of EMPTY or
INACTIVE.

The zane domain and candidate
zohés with a Zone Condition
of EMPTY to deactivate are
determined by the device server
using the realm and zone domain
of the specified zone range.

All specified zones
gre active zones

No

The zone domain to activate is
specified by the OTHER'ZONE
DOMAIN IDfield.

The candidate zofies to activate
in that zone domain are
determined:by the device server
using.the zone range that is
specified to be deactivated. ©

TFhe device server shall not
Select any zone to activate if that
zone has a Zone Condition that
is not INACTIVE.

Yes

The zone domain to activate is
specified by the OTHER ZONE
DOMAIN ID field.

The candidate zones to activate
with a Zone Condition of INACTIVE
are determined by the device
server using the realm and zone
domain of the zone range that is
specified to be deactivated.

The zone domain to deactivate
is the zone domain of the
specified zone range.

The candidate zones to
deactivate are the zones in
the specified zone range.

Is the AAORB bit (see 6.5.2) set to one”?
b The candidate zones to deactivate should include the smallest possible number of zones. There may be

zero candidate zones to deactivate.

¢ The candidate zones to activate should include the largest possible number of zones.
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Table 50 — Selecting candidate zones to activate and deactivate with ALL bit set to zero (part 2 of 2)

Zone Conditions
in the specified
zone range

Activation
aligned
on realm

boundaries

a Candidate zones to activate

Candidate zones to deactivate

Some specified
zones are active

The candidate zones to activate are the specified zone range so

<l
UTICO driu oUITIC

specified zones are

inactive zones

L
rra

that an error is able to be reported as described in 4.5.3.2.7.2.

o

Is the AAORB bit (see 6.5.2) set to one?
The candidate zones to deactivate should include the smallest possible number of zones. Thefe may be

zero candidate zones to deactivate.
Yl The candidate zones to activate should include the largest possible number of zones.

5.11

5.11

The
the

Table 51 — ZONE ACTIVATE parameter data and ZONE QUERY parameter data (part 1 of 2)

.3 ZONE ACTIVATE parameter data and ZONE QUERY parameter data

.3.1 ZONE ACTIVATE parameter data and ZONE QUERY parameter data overview

ZONE ACTIVATE parameter data and ZONE QUERY parameter datai{see table 51) is returned whenever
command completes with GOOD status.

Byfe" 7 6 5 4 3 2 1 0
0 (MSB)
oo ZONE ACTIATION RESULTS LENGTH (n—63)
3 (LSB)
4 (MSB)
oo ZONE ACTIVATION RESULTS RETURNED LENGTH
7 (LSB)
8 NZ_VALID |ZIWUP)VALID Reserved ACTIVATED
9 Reserved 4" JSECURITY | MULT DOMN | RLM RSTCT | MULT ZTYP | RLMALIGN | NOT EMPTY | NOT INACT
10 OTHER ZONE DOMAIN ID
11 Reserved ALL
12 Reserved
13
oo Reserved
15
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Table 51 — ZONE ACTIVATE parameter data and ZONE QUERY parameter data (part 2 of 2)

Bit
Byte 7 6 5 4 3 2 1 0

16 (MSB)

oo NUMBER OF ZONES

19 (LSB)

4]

oo Reserved

p3

P4 (MSB)

oo ZONE ID WITH UNMET PREREQUISITE

81 (LSB)

B2

oo Reserved

53

Zone activation descriptorsiist

54

oo Zone activation descfiptor [first] (see 5.11.3.2)

D5

nt-31

oo Zone activation descriptor [last] (see 5.11.3.2)

n
Thel ZONE ACTIVATION RESULTS tENGTH field indicates the length in bytes of the zone activation descriptors list.
The contents of the ZONE-ACTIVATION RESULTS LENGTH field shall not be altered based on the allocation length
(se¢ SPC-6).
Thel ZONE ACTIVATION, RESULTS RETURNED LENGTH field indicates the length in bytes of the part of the zone
actiyation descriptors list that are returned for the application client to process. If the allocation length (see
SP(C-6) is not sufficient to contain all of the contents of the zone activation descriptors list, then the ZONE
ACT|VATION'RESULTS RETURNED LENGTH field shall be altered to indicate the truncation of the zone activation
despriptors list.
An i

information (i.e., the ALL bit is set to zero).

A ZIWUP_VALID bit set to zero indicates that the ZONE ID WITH UNMET PREREQUISITE field does not contain valid
information. A ZIwUP_VALID bit set to one indicates that the ZONE ID WITH UNMET PREREQUISITE field contains valid
information.
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An ACTIVATED bit set to one indicates that the specified change activations operation was performed
(see 4.5.3.2.7.3). An ACTIVATED bit set to zero indicates that no zones were changed. The ACTIVATED bit
also indicates what is described by each zone activation descriptor (see 5.11.3.2)

The

SECURITY (i.e., security prerequisites) bit, multiple domains (MULT DOMN) bit, realm restrictions (RLM RSTCT)

bit, multiple zone types (MULT zTYP) bit, realm alignment (RLM ALIGN) bit, NOT EMPTY bit, and not inactive (NOT
INACT) bit indicate unmet prerequisites as described in 4.5.3.2.7.2.

The

OTHER ZONE DOMAIN ID field contains a copy of the OTHER ZONE DOMAIN ID field in the ZONE ACTIVATE

command (see 5.11.1) or the ZONE QUERY command (see 5.12).

Thel ALL bit contains a copy of the ALL bit in the ZONE ACTIVATE command or the ZONE QUERY command|

Thel NUMBER OF ZONES field contains a copy of the NUMBER OF ZONES field in the ZONE ACTIVATE command o
the FONE QUERY command. The Nz_VALID bit indicates whether the contents of the NUMBER OF ZONES field ar|
valigl.

If the zZIwuP_VALID bit is set to one, then the ZONE ID WITH UNMET PREREQUISITE field indicates theyzone ID of thg
lowgst numbered zone associated with an unmet prerequisite.

Eadh zone activation descriptor (see 5.11.3.2) contains information about a zone range associated with an
actiyation or deactivation. Zone activation descriptors are not returned if the verify activations operation

(se
5.11

If th

If th

conmpmand or a ZONE QUERY command (see 5.12) that:

Zon
that

e activation descriptors are not returned by a ZONE ACTIVATE command or a ZONE QUERY command

4.5.3.2.7.2) detects one or more unmet prerequisites.
.3.2 Zone activation descriptors

e ACTIVATED bit (see 5.11.3.1) is set to:

a) one, then each zone activation descriptor (see table 52) indicates one zone range that has been
activated or deactivated by the ZONE ACTIVATE command returning that descriptor; and

b) zero, then each zone activation descriptor indicates ofie_zone range that may be activated or deactivate
by a subsequent ZONE ACTIVATE command with command inputs that are identical to those for the
command that is returning that descriptor.

e ALL bit (see 5.11.3.1) is set to zero, then zone activation descriptors are returned by a ZONE ACTIVATE

a) does not detect unmet prerequisites; or
b) detects only unmet prerequisites_with the result that one or more of the following bits (see 5.11.3.1) are
set to one:
A) the SECURITY bit;
B) the NOT EMPTY bit; or
C) the NOT INACT bit.

a) has the ALL/bii-set to one; or
b) detects anytinmet prerequisites with the result that one or more of the following bits (see 5.11.3.1) are
set to.one:
A)_the/MULT DOMN bit;
B)>-the RLM RSTCT bit;
€) the MULT zTYP bit; or

[

D) the RLMALIGN bit
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Table 52 shows the format of a zone activation descriptor.

Table 52 — Zone activation descriptor

Bit

Byte 7 6 5 4 3 2 1 0

0 Reserved ZONE TYPE

1 ZONE CONDITION Reserved

2 ZONE DOMAIN ID

. Reserved

8 (MSB)

o ZONE RANGE SIZE

15 (LSB)

16 (MSB)

oo STARTING ZONE LOCAT@R

D3 (LSB)

P4

.e Reserved

81

Thel zONE TYPE field (see table 10) indicates the:Zone Type (see 4.3.2) for all zones described by this zone
actiyation descriptor.

Thel ZONE CONDITION field (see table 12).indicates the Zone Condition (see 4.3.3) for all zones described by thig
zong activation descriptor.

Thel zONE DOMAIN ID field indicates)the zone domain ID (see 4.2.4.2) for all zones described by this zone
actiyation descriptor.

Thel ZONE RANGE SIZE field-ndicates the number of zones described by this zone activation descriptor.

The] STARTING ZONE LQCATOR field indicates the lowest LBA of the first zone described by this zone activation
desgriptor.
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5.12 ZONE QUERY command

The

ZONE QUERY command (see table 53) requests that the device server process a zone activation operation

(see 4.5.3.2.7) that:

a) does not change which zones are active zones and which zones are inactive zones; and
b) transfers the resulting parameter data.

Table 53 — ZONE QUERY command

Byte

Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (95h)

1 ALL Reserved SERVICE ACTION (09h)

2 (MSB)

o0 ZONE ID

9 (LSB)

10 (MSB)
NUMBER OF ZONES

11 (LSB)

12 (MSB)
ALLOCATION LENGTH

13 (LSB)

14 OTHERyZONE DOMAIN ID

15 CONTROL

The
sho

The
The

terminate the command with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, and the

add
The
The
The

OPERATION CODE field and the SERVICE ACTION field are defined in SPC-6 and shall be set to the values
wn in table 53 for the ZONE QUERY ecommand.

ALL bit, ZONE ID field, NUMBER OF ZONES field, and OTHER ZONE DOMAIN ID field are defined in 5.11.1.

ALLOCATION LENGTH field is defined in SPC-6. If the allocation length is less than 64, the device server shal

tional sense code set to INVALID FIELD IN CDB.

CONTROL byte is defined in SAM-6.

parameter datareturned by a ZONE QUERY command is defined in 5.11.3.
device server‘shall process the ZONE QUERY command by:

1) identifying the candidate zones to activate and the candidate zones to deactivate (see 5.11.2);
2) prepare the parameter data defined in 5.11.3; and
3)-_perform a verify activations operation (see 4.5.3.2.7.2).

If th
sha

€ JEVICE SEIVET ProCESSES ZONE actvation operation for the ZONE QUERY command, then the device server
Il not terminate the command with CHECK CONDITION status.
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6 Parameters for zoned block devices

6.1 Parameters for zoned block devices overview

Table 54 shows the parameters for zoned block devices defined in clause 6 and a reference to the subclause

where each parameter type is defined.

Table 54 — Parameters for zoned block devices

Parameter type Reference
Diagnostic parameters 6.2
Log parameters 6.3
Mode parameters 6.4
Vital product data (VPD) parameters 6.5

6.2/ Diagnostic parameters

The diagnostic pages and their corresponding page codes for zoned block.devices are defined in table 55.

Table 55 — Diagnostic page codes for host managed zoned block devices

Diagnostic page Page code Reference
Diagnostic pages assigned by SPC-6 30h to 3Fh SPC-6
Direct access device diagnostic pages 40h to 7Fh SBC-5
SCSI enclosure services diagnostic pages 01h to 2Fh SES-4
Vendor specific diagnostic pages 80h to FFh
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