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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

ISO or

establish

technica
and non
technolo

Internatiq

The mai
Standard
an Intern

ISO/IEC

Subcominittee SC 31, Automatic identification and data capture techniques.

This sec
revised.

ISO/IEC

frequeng
—  Part
—  Part
—  Part
—  Part
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—  Part

IEC participate in the development of International Standards through technical committees

ed by the respective organization to deal with particular fields of technical activity. SO and IE
committees collaborate in fields of mutual interest. Other international organizations, governmental
governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
gy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
h task of the joint technical committee is to prepare International Standards. ‘Draft International
s adopted by the joint technical committee are circulated to national bodies for.voting. Publication gs

ational Standard requires approval by at least 75 % of the national bodies casting a vote.

18000-4 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology

bnd edition cancels and replaces the first edition (ISO/IEC 18000-4:2004), which has been technically

(@)

18000 consists of the following parts, under the general title Information technology — Rad
y identification for item management:

1: Reference architecture and definition of parameters to be standardized
2: Parameters for air interface communications below 135 kHz

3: Parameters for air interface communications at 13,56 MHz

4: Parameters for air interface.communications at 2,45 GHz

6: Parameters for air interface communications at 860 MHz to 960 MHz

7: Parameters for-active air interface communications at 433 MHz

© ISO/IEC 2008 — All rights reserved
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This part of ISO/IEC 18000 is one of a series of International Standards and Technical Reports developed by
ISO/IEC JTC 1/SC 31, WG 4 for the identification of items (ltem Management) using radio frequency

identification (RFID) technology.

This part of ISO/IEC 18000 defines the 2,45 GHz protocols that support ISO/IEC 18000-1. Each of.th¢ specific
physical/data link configurations is defined in a separate sub-clause. The configuration descriptions |nclude a
Rhysical Layer and a Data Link Layer.
Tlhe International Organization for Standardization (ISO) and International Electrotechnical Commissjon (IEC)
draw attention to the fact that it is claimed that compliance with this document may involve the use df patents
concerning radio-frequency identification technology given in all parts of the document and especidlly in 5.2
gnd 5.3.
I$O and IEC take no position concerning the evidence, validity and scope of these patent rights.
Tlhe holders of these patent rights have assured the ISO and IEC that.they are willing to negotiate| licences
under reasonable and non-discriminatory terms and conditions witthapplicants throughout the world. In this
respect, the statements of the holders of these patent rights arefegistered with ISO and IEC. Informgtion may
be obtained from the following companies.
Contact details Patent number

Intermec IP Corporation US 5,030,807

Legal Department US 5,521,601

Phyllis T.Turner-Brim, Esq. US 5,550,547

6001 36th Ave, W US 5,673,037

Everett, Washington 98203, US 5,777,561

USA US 5,828,318

Tel.: +1(425)625-2480 US 5,828,693

Fax: +1(425)501-6587 US 5,850,181

Email: phyllis.turnerbrim@intermec.com US 5,942,987

US 5,995,019

NXP B.V. CN02811230

Intellectual Property & Licensing JP 03-502778;

Mr. Harald R6ggla US6,961,829B

Gutheil-Schoder-Gasse 8-12 EP02735725.0

A-1102-Vlienna

Austria

Tel: +43(1)60870-1469

Fax: +43(1)60870-1101

Email: harald.roeggla@nxp.com

Siemens Aktiengesellschaft, US 7289458

CTIP L&T EP 1415263

Hans Joerg viaener UE TUTS7Z47

Otto-Hahn-Ring 6 US 6944240

D-81739 Munich DE 19962458

Germany EP 1240720

Tel: +49(89)636 82628

Fax: +49(89)636 81855

Email: hans-joerg.mueller@siemens.com
© ISO/IEC 2008 — All rights reserved \"
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Contact details Patent number

Zebra Technologies Corporation, US 5519381

Legal Department, US 5726630

Mr. Eric McAlpine, IP Counsel, EP 0598624

333 Corporate Woods Parkway, EP 0789254

Vernon Hills, lllinois 60061-3109, EP 0789253

USA EP 01117486.9

Tel: +1(847)793-5640 US 5680459

Fax: +1(847)955-4514 US 6198381

Email: emcalpine@zebra.com JP 10-272945

Attention| is drawn to the possibility that some of the elements of this document may be the subject of patent
rights other than those identified above. ISO and IEC shall not be held responsible for identifyingany or gll
such patent rights.
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Information technology — Radio frequency identification
for item management —

Scope

his part of ISO/IEC 18000 defines the air interface for radio frequency identification (RFID) devices pperating
im the 2,45 GHz Industrial, Scientific, and Medical (ISM) band used in item ‘management applicatipns. This
rt of ISO/IEC 18000 provides a common technical specification for REID devices that can be usefl by ISO
dgommittees developing RFID application standards. This part of ISO/IEC 18000 is intended to pllow for
dompatibility and to encourage inter-operability of products for the growing RFID market in the intgrnational
arketplace. This part of ISO/IEC 18000 defines the forward{and return link parameters for ftechnical
gttributes including, but not limited to, operating frequency,operating channel accuracy, occupied| channel
handwidth, maximum equivalent isotropically radiated power® (EIRP), spurious emissions, modulafjon, duty
gycle, data coding, bit rate, bit rate accuracy, bit transmission order, and where appropriate ¢perating
channels, frequency hop rate, hop sequence, spreading;sequence, and chip rate. This part of ISO/IHC 18000
further defines the communications protocol used in*the air interface.

his part of ISO/IEC 18000 contains two modes? The first is a passive tag operating as an interrogator talks
first and the second is a battery-assisted tag operating as a tag talks first. The detailed technical differences
etween the modes are shown in the paraméter tables.

Normative references

he following referencedcdocuments are indispensable for the application of this document. Fpr dated
references, only the edition cited applies. For undated references, the latest edition of the rgferenced
document (including any-amendments) applies.

IBO/IEC 7816-64 Identification cards — Integrated circuit cards — Part 6: Interindustry data elements for
imterchange

IBO/IECA5963, Information technology — Radio frequency identification for item management — Unique
iglentification for RF tags
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ISO/IEC TR 18047-4, Information technology — Radio frequency identification device conformance test
methods — Part 4: Test methods for air interface communications at 2,45 GHz

ISO/IEC 19762 (all parts), Information technology — Automatic identification and data capture (AIDC)
techniques — Harmonized vocabulary

© ISO/IEC 2008 — All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762 (all parts) apply.

4 Symbols and abbreviated terms

Cht
Clt
foitrate
fC

FHSS

Ma
Mb
MIt
Mut
Tbmf
Tbmr
Tcf
Ter
Tcs
Tf
Tthf
Tfhr
Tfhs
Tflb
Tr

Trlb

Carrier high level tolerance

Carrier tow tevettoterarnce

base frequency of the bit rate of Manchester code without bit changes
frequency of operating field (carrier frequency)
Frequency Hopping Spread Spectrum
Modulation

Modulation overshoot

Modulation undershoot

Modulation lower tolerance

Modulation upper tolerance

Manchester fall time

Manchester rise time

carrier fall time

carrier rise time

carrier steady time

fall time

carrier FHSS fall-time

carrier FHSSrise time

carrier £HSS steady time

forward link bit time

rise time

return link bit time

© ISO/IEC 2008 — All rights reserved
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5 2,45 GHz RFID protocols that support this part of ISO/IEC 18000
5.1 General

5.1.1 Protocols

Clause 5 defines the ISO/IEC 18000-4 2,45 GHz RFID command/data level communication protocol
protocols facilitate communication between compliant tag and compliant interrogator. The timing pa

2008(E)

s. These
rameters

and signal characteristics for the protocols are defined in the physical link specifications in each mode.

51.2 Frequency

his part of ISO/IEC 18000 is intended to address RFID devices operating in the 2 450 MHz |
cientific and Medical (ISM) frequency band.

[—|

.1.2.1 Interface definitions

his part of ISO/IEC 18000 supports standard parameters as described in ISQ/IEC 18000-1 and sta
imterface implementations for wireless, non-contact information system—equipment for Item Man
pplications. Typical applications operate at ranges greater than one meter:

.1.2.1.1  RFID system definition

he radio-frequency identification (RFID) system shall _include a host system and RFID e
(interrogator and tags). The host system runs an application\program, which controls interfaces with t

imtended for attachment to an item, which a user wishés to manage. It is capable of storing a tag IO
imterrogator is a device, which communicates to-tags in its field of view. Additionally, the interrogatof
its transmitted RF carrier to power the tag.-Systems, which rely on the transmitted interrogator ¢
wering the tag, are typically referred to as_passive tag systems. The interrogator controls the protod
imformation from the tag, directs the tag.to store data in some cases, and ensures message deli
validity.

81.21.2 Minimum features

RFID systems defined by this part of ISO/IEC 18000 provide the following minimum features:

identify tag in range,
o/ read data,
o/ write-data or handle read only systems gracefully,

o| _Selection by group or address,

hdustrial,

hdard air
agement

quipment
he RFID.

he RFID equipment shall be composed of two principal components: tags and interrogators. The tag is

number

nd other data regarding the tag or item and of communicating this information to the interrogator. The

can use
arrier for
ol, reads
very and

e graceful handling of multiple tags in the field of view,
e error detection.

5.1.2.1.3 Conformance

To claim conformance with this part of ISO/IEC 18000, an RFID system shall comply with on
physical/data link implementations described in 5.2 and 5.3.

The rules for RFID device conformity evaluation are given in ISO/IEC TR 18047-4.

© ISO/IEC 2008 — All rights reserved

e of the


https://standardsiso.com/api/?name=8b1988c00d0aacbf5224d837d09bb46a

ISO/IEC 18000-4:2008(E)

5.1.3 Tag identification number

A tag identification number shall be included in commands directed to a specific tag unless the protocol
provides other means like TTF (Tag Talks First) protocols. This part of ISO/IEC 18000 mandates that each tag
shall include a manufacturer’s tag identification number as defined in Annex A for mode 1 and in Annex C for
mode 2.

A separate User Tag Identification is not mandatory, but is an option. When a UserTagID is used, it shall
consist of the number of bytes required by the user application. This number and other application data shall
be accessed as user data fields on the tag. These fields can be accessed via the APl using the driver’s field
name regolution mechanism. The UserTaglID is a user-defined tag identifier and is not necessarily unique.

5.1.4 Potential interference

Standards developers have a duty to ensure that no "significant interference" exists between-Standardize
modes. [Significant Interference" exists if a system of one Standardized mode (working (within the mog
widesprdad regulated power emissions) is likely to impede the successful operation of a.system of anothg
Standardized mode (working within the most widespread regulated power emissions), in likely expecte
operating situations.

L ™= o~

Marginall measurable interference that does not impede operation in likely expectéd operating situations, d
that coulfd be avoided by simple and inexpensive design improvement, shall not\be considered cause to rejeq
a mode.

—_. =

e Therefore, TTF modes are clearly identified as such in this part of ISO/IEC 18000.

e Thergfore, installers of RFID systems are advised that they  should make best efforts to be a goo
neighbour in installing any systems, bearing in mind that there may be other systems sharing the sam
banqwidth and are advised to take precautions to minimise interference to other systems. Installers ar
equdlly advised to be prepared to handle interference within the bandwidth from other users up t
trangmission powers permitted by local regulations;

O WL

5.2 MODE 1: Passive backscatter RFID system

The FHYS backscatter option or the narrow’ band operation RFID system shall include an interrogator that
runs the |FHSS backscatter option 1 RRID‘protocol or in narrow band operation, as well as one or more tags
within the interrogation zone.

shall exgcute a power-on resetand shall be ready to receive commands. Each command shall begin with
preambl
incomind signal. Data-fo_and from the tag is checked for errors using a Cyclic Redundancy Code (CRC).
Thereforg, CRC fields<are present in all interrogator interrogations and in all tag responses. Additional data
protectioh is provided by Manchester encoding on the forward (interrogator to tag link) and FMO encoding o
the returp (tag te-interrogator) link.

When pI{ced in the RF field of@n interrogator, the tag shall begin to power up. If the field is adequate, the tag

By using|the FHSS backscatter optlon 1 RFID command set or in narrow band operation, the mterrogator ca
execute 3 X

sequence, WhICh aIIows it to |dent|fy muItlpIe tags S|multaneously |n its RF fleld Alternately, it can select a
subset of the tags in the field based on tag memory contents. It can also read data stored on a tag in its field,
as well as write or lock data to such a tag.

The description of the RFID tag command set in the following clause shall provide detail regarding the
command field and return data/acknowledgement fields, if any. In addition, it shall cover additional high-level
elements of the FHSS backscatter option RFID protocol, including how the multiple item identification
algorithm works and byte ordering requirements. The more general aspects of the protocol (preambles,
CRC-16, etc.) are covered in detail in 5.2.2.7.

4 © ISO/IEC 2008 — All rights reserved
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This portion of the International Standard describes a passive backscatter RFID system that supports the

following system capabilities:
System protocol

¢ |dentify and communicate with multiple tags in the field

e Select a subgroup of tags to identify or communicate with based on information that the user has

stored in the tag

e Read from and write or rewrite data many times to individual tags
e User controlled permanent lock memory
Data integrity protection
e Manchester bit-wise encoding and CRC-16 packet-level protection is applied to the foryvard link
(interrogator-to-tag) data.
e FMO bit-wise encoding and CRC-16 packet-level protection is”applied to the return link (tag-to-
interrogator) data.
In this RFID system, interrogators both power and communicate with-the tags that are within their range. Tags
receive data as on-off key amplitude modulation of the powerfdata signal from the interrogator. During the
time that the tag communicates back to the interrogator, the intefrogator broadcasts a steady radio ffequency
wer level, and the tag modulates the impedance of itsitadio frequency load attached to the tag|antenna
terminals. The interrogator then receives the data back’ from the tag as a variation in reflectipbn of its
transmitted power.
5.2.1 MODE 1: Physical and media access control (MAC) parameters
82.1.1 MODE 1: Interrogator to tag link
Table 1'= Physical link specifications - forward link
Ref. Parameter name Description
M1-Int:1: | Operating Frequency Range |As permitted by local radio regulations in the band from P 400 to
2 483,5 MHz.
M1-Int: 1a | Default, ©perating Frequency |2 450 MHz
M1-Int: 1b | Operating Channels As required by local radio regulations.
As an example in the US 79 channels from 2 422,5 to 2 461,5 in| 0,5 MHz
increments may be used.
M1-Int\Ac | Operating Frequency Maximum tolerance is +50 ppm, however local tolerance may apply in case
Accuracy required by local regulations.
M1-Int: 1d | Frequency Hop Rate The hop rate, if applicable, is determined by each country’s regulatory

authority in which the system is being operated.

FCC, clause 15,247 of FCC part 15 is 0,4 s.

As an example, within the US the maximum time at any frequency as set by

M1-Int: 1e |Frequency Hop Sequences |Pseudo-random hopping patterns uniformly utilising the designated frequency

document 1.2.2, clause 15.247 of FCC part 15.

band.
M1-Int: 2 [ Occupied Channel Maximum 0,5 MHz. Bandwidth specification according definition of local radio
Bandwidth regulations.

As an example, within the US the 20 dB bandwidth is regulated by reference

© ISO/IEC 2008 — All rights reserved
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Table 1 (continued)

Ref. Parameter name Description
M1-Int: 3 | Interrogator Transmit The maximum output power is regulated by each country’s regulatory authority
Maximum EIRP in which the system is being operated.
As an example, within the US reference document, clause 15.247 of FCC part
15 at the time of drafting of this part of ISO/IEC 18000, has as a maximum 30
dBm output from the interrogator, and 4W (36 dBm) EIRP from the interrogator
transmit antenna.
As an example, within the Japan reference document, for a fixed frequency
(i.e. narrowband) mode of operation in the ISM band the system may operatg
as "licensed" providing 300 mW of conductive power into a directional .antenna
of gain below 20 dBi. Channel definition under FHSS "unlicensed' opératiorn
may be used for this mode of operation.
M1-Int: 4 | Interrogator Spurious Covered in M1-Int: 4a and M1-Int 4b
Emissions
M1-Int: 4a | Interrogator Transmit not applicable
Spurious Emissions, In
Band (for Spread Spectrum
systems)
M1-Int: 4b | Interrogator Transmit The interrogator shall transmit in conformance with spurious emissions
Spurious Emissions, Out of |requirements defined by the country’s regulatory authority within which the
Band system is operated.
As an example, within the US reference, clause 15.205 and 15.209 of FC(
part 15 sets the limit at the time ef.drafting of this document at 500 uV/m @ 3 m
M1-Int: § | Interrogator Transmitter Communication carrier: ASK
Spectrum Mask
M1-Int: § | Timing Covered in M1-Int: 6ato M1-Int 6d
M1-Int: §a | Transmit to Receive Turn See 5.2.2.9.2
Around Time
M1-Int: b | Receive to Transmit Turn | As determined by the communication protocol — refer to tag 6a.
Around Time
M1-Int: gc | Dwell time or Interrogator | <'§ % of bit period
Transmit Power-On Ramp
M1-Int: §d | Decay time or Interrogator | < 5 % of bit period
Transmit Power-Dowh
Ramp
M1-Int: 71 | Modulation ASK. Details are described in 5.2.2.4
M1-Int: 7a | Spreading sequence (for Not applicable
Direct Sequence Spread
Spettrum [DSSS] systems)
M1-Int 7b |-Chip Rate (for Spread Not applicable
Spectrum systems)
M1-Int 7c | Chip Rate Accuracy (for Not applicable
Spread Spectrum systems)
M1-Int 7d | Modulation Index 99 %. For details see 5.2.2.4.1
M1-Int 7e |Duty Cycle 50 % 5 %
M1-Int:7f | FM Deviation Not applicable

© ISO/IEC 2008 — All rights reserved
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Table 1 (continued)

Ref. Parameter name Description
M1-Int: 8 Data Coding Manchester
M1-Int: 9 Bit Rate 30 — 40 kbit/s
M1-Int: 9a | Bit Rate Accuracy 100 ppm
M1-Int: 10 | Interrogator Transmit See 5.2.2.41

Modulation Accuracy

M1-Int:

11 Preamble

Yes, see 5.2.2.8.3

M1-Int:

11a |Preamble length

9 bits, see 5.2.2.8.3

M1-Int:

11b | Preamble Waveform

See 5.2.2.8.3

M1-Int:

11c |Bit Sync Sequence

Yes, see 5.2.2.8.4

M1-Int:

11d | Frame Sync Sequence

Yes, see 5.2.2.8.4

M1-Int:

12 | Scrambling (for Spread
Spectrum Systems)

Not applicable

M1-Int:

13 | Bit transmission order

MSB first

M1-Int:

14 [Wake-up process

Presence of an appropriate RE signal at the tag followed by a|wake-up
command as required by the tag'type.

M1-Int:

15 Polarisation

Interrogator dependent,-Nof'defined in this part of ISO/IEC 18000.

82.1.2 MODE 1: Tag to interrogator link
Table 2 — Physical link specifications — backscatter return link
Ref. Parameter name Description
M1-Tag: 1 |Operating Frequency Range'\|As permitted by local radio regulations in the band from P 400 to
2 483,5 MHz.
M1-Tag: 1a |Default Operating Frequency | 2 450 MHz
M1-Tag: 1b | Operating Chapnels As required by local radio regulations. See M1-Int: 1b.
(for Spread Speetrum
systems)
M1-Tag: 1¢ | Operating Frequency Maximum tolerance is + 50 ppm, however local tolerance may apply in case
Accuracy required by local regulations.
M1-Tag: 1d_[BErequency Hop Rate The hop rate is set the regulatory authority within the country in Wwhich the
(for Frequency Hopping system is operated.
[FHSS] systems)
M1-Tag: 1e |Frequency Hop Sequence Driven by Interrogator. See M1-Int: 1e
(for Frequency Hopping
[FHSS] systems)
M1-Tag: 2 |Occupied Channel See M1-Int: 2
Bandwidth
M1-Tag: 3 | Transmit Maximum EIRP The maximum output power transmitted by the interrogator during
backscatter operation is regulated by the country’s regulatory authority in
which the system is operated.
Examples are mentioned under M1-Int: 3
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Table 2 (continued)

Ref. Parameter name Description
M1-Tag: 4 | Transmit Spurious Covered in M1-Int: 4a and M1-Int 4b
Emissions
M1-Tag: 4a | Transmit Spurious As permitted by local radio regulations.
Emissions, In-Band
(for Spread Spectrum
systems)
M1-Tag: §b | Transmit Spurious During backscatter return link operation, the interrogator shall transmit i
Emissions, Out of Band conformance with spurious emissions requirements set by the country’s
regulatory authority.
As an example, within the US reference, 15.205 and 15.209 of FCC part 19
limits the at the time of drafting this document the level to 500'uV/m @ 3 m
M1-Tag: p | Transmit Spectrum Mask As permitted by local radio regulations.
M1-Tag: pa | Transmit to Receive Turn <1 ms. For details see 5.2.2.8.2
Around Time
M1-Tag: pb | Receive to Transmit Turn As determined by the communication protocol/="efer to interrogator 6a.
Around Time
M1-Tag: pc | Dwell Time or Transmit Not applicable
Power On Ramp
M1-Tag: pd | Decay Time or Transmit Not applicable
Power Down Ramp
M1-Tag: [ | Modulation Backscatter. Details are defined in 5.2.2.5.2
M1-Tag: [fa | Spreading Sequence Not applicable
(for Direct Sequence Spread
Spectrum [DSSS] systems)
M1-Tag: [rb | Chip Rate Not applicabte
(for Spread Spectrum
systems)
M1-Tag: [fc | Chip Rate Accuracy Notapplicable
(for Spread Spectrum
systems)
M1-Tag: [fd | On-Off Ratio Not applicable
M1-Tag: [fe | Sub-carrier Frequency Not applicable
M1-Tag: [ff | Sub-carrier Frequency Not applicable
Accuracy
M1-Tag: [rg | Sub-Cartier Modulation Not applicable
M1-Tag: [rh | Duty-Cycle 50% +5%
M1-Tag: [fi~| FM Deviation Not applicable
M1-Tag: Data Coding FMO
M1-Tag: 9 |Bit Rate 30 — 40 kbit/s
M1-Tag: 9a | Bit Rate Accuracy +15%
M1-Tag: 10 | Tag Transmit Modulation Not applicable

Accuracy (for Frequency
Hopping [FHSS] systems)
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Table 2 (continued)

Ref. Parameter name Description
M1-Tag: 11 |Preamble See 5.2.2.5.6
M1-Tag: 11a | Preamble Length 16 bit made up of a quiet period, followed by sync. followed by a code
violation followed by an orthogonal code
M1-Tag: 11b | Preamble Waveform Bi-phase encoded data ‘1’
M1-Tag: 11c | Bit Sync Sequence Yes, included in the preamble
M1-Tag: 11d [ Frame Sync Sequence Yes, included in the preamble
M1-Tag: 12 |Scrambling Not applicable
(for Spread Spectrum
systems)
M1-Tag: 13 |Bit Transmission Order MSB first
M1-Tag: 14 |Reserved Reserved
M1-Tag: 15 |Polarisation Product design feature. Not defined in this_part of ISO/IEC 18000.
M1-Tag: 16 [ Minimum Tag Receiver 2400 -2 483,5 MHz
Bandwidth

5.2.1.3 MODE 1: Protocol parameters

Table 3 — Protocol parameters

Ref. Parameter name Description

M1-P: 1 Who talks first Interrogator talks first

M1-P: 2 Tag addressing capability Yes

M1-P: 3 Tag UID Contained in tag memory and accessible by means of commands
M1-P: 3a [ UID Length 64 bit

M1-P: 3b | UID Format See Annex A

M1-P: 4 Read size Addressable in byte blocks

M1-P: 5 Write Size Addressable in byte blocks. Writing in blocks of 1, 2, 3 or 4 bytes.

(See details in 5.2.3.6.2.5)

M1-P: 6 Read\Transaction Time Once a tag has been identified and selected, a 64 bit data block can typically
be read in less than 10 ms. This time may vary depending on data fate used
as constrained by the local radio regulations.

M1-P: Z Write Transaction Time Once a tag has been identified and selected, an 8 to 32 bit data block can
typically be written in less than 20 ms. This time may vary depending on data
rate used as constrained by the local radio regulations.

M1-P: 8 Error detection CRC-16
M1-P: 9 Error correction No forward error correction code used. Errors are handled by signalling an
error to the interrogator that then repeats its last transmission.
M1-P: 10 | Memory size Minimum memory size of 64 bits. Recommended minimum memory size of
18 bytes.
M1-P: 11 | Command structure and Several command codes are reserved for future use.
extensibility
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5.2.1.4 MODE 1: Anticollision parameters

Table 4 — Anticollision parameters

Ref. Parameter name Description

M1-A: 1 Type (Probabilistic or Probabilistic
Deterministic)

M1-A: 2 Linearity

Essential linear up to 2256 tags depending on size of data content

M1-A: 3 Tag Inventory capacity The algorithm permits the reading of not less than 250 tags in the reading

zone of the interrogator.

5.2.2 Physical layer and data coding
5.2.21 Interrogator power-up waveform

The intefrogator power-up waveform shall comply with the mask specified in Figure \and Table 5.

Cht
N T 100
Cht
Clt
v
% 0%

<« Ter

A

» Tcs

Figure 1 — Interrogator power-up waveform

Table 5 — Interrogator power-up waveform parameter values

Parameter Min Max
Tcs 400 ps
Teor O 20 Lo
Fet O-ps 3045
Cht 3%

Clt 1%
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5.2.2.2 Interrogator power-down

ISO/IEC 18000-4:2008(E)

Once the carrier level has dropped below the ripple limit Cht, power down shall be monotonic and of duration

Tcf, as specified in Figure 2 and Table 6.

4
I

+

00%

Cht

+«— Tcf

Parameter Min Max
Tcf 1 us 500 ps
Cht 3%

Clt 1%

.2.2.3  Frequency hopping carrier rise-and fall times

hen the interrogator operates in the\frequency hopping spread spectrum mode (FHSS), the carrier

Clt

Figure 2 — Interrogator power-down waveform

Table 6 — Interrogator power-down)timings

fall times shall conform to the characteristics specified in Figure 3 and Table 7.

0%

100%
90%

10%

<> <
Tfhr |

Tfhs

Figure 3 — FHSS carrier rise and fall characteristics
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Table 7 — FHSS carrier rise and fall parameters

Parameter Min Max
Tfhr 15 us
Tfhs 400 us
Tfhf 15 us
NOTE The numbers In Table 7 are an example jor current FCC regurations only.

5.2.2.4 Forward link

5.2.2.4.1 Carrier modulation

The datd transmission from the interrogator to the tag is achieved by modulation of the carriet(ASK). The data
coding if performed by generating pulses that create a Manchester coding.

Az zz72d44ddddddzdddzdidzzidddddd v

| Ma

’“_-ﬂﬂ | Mb
7 T 0,
7 T 4
i iz
\ Z o000 —
i i i di/iiq iz iz dd 2z .

Figure 4 — Example of 40 kbit/s signal

Table 8 — Parameter for 99 % Modulation

Parameter Minimum Nominal Maximum
M = (A-B)/(A + B) 90 99 100
Ma 0 0,03 (A-B)
Mb 0 0,03 (A-B)
Tr 0 ps 1,8 us 0,1/ fhitrate
Tf 0 ps 1,8 us 0,1/ fhitrate
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5.2.2.4.2 Bit coding of forward link fields

Data is Manchester encoded as per Figure 5.

field not modulated

field modulated

Logic 0 = Manchester O ... 01

imterrogator (backscatter).

5

1

q
J

3

= -

O 0O

§.2.2.5.3 Data rate

5.2.2.5.4 Data coding

field not modulated

field modulated

Logic 1 = Manchester 1 ... 10

Figure 5 — Forward link bit coding
.2.2.5 FMO return link

.2.2.5.1 General

he tag transmits information to the interrogator by modulating'the incident energy and reflecting it bs

.2.2.5.2 Modulation

he tag switches its reflectivity between two statés. The “space” state is the normal condition in whig

ck to the

h the tag

powered by the interrogator and able toyreceive and decode the forward link. The “mark” state” is the

Iternative condition created by changing thé antenna configuration or termination.

he return link data rate is derived from the forward link data rate and is typically 40 kbit/s. For de
able 9.

ata is codeddsing the FMO technique, also known as Bi-Phase Space.

ne symbel/period Trlb is allocated to each bit to be sent. In FMO encoding, data transitions occur
oundaries. In addition, data transitions occur at the mid-bit of logic 0 being sent.

tails see

at all bit

Fable-9—Returntink parameters

Data rate Trib Tolerance

30 — 40 kbit/s 25 us —33 ps +15%

Coding of data is MSB first. Figure 6 illustrates the coding for the 8 bits of 'B1".

© ISO/IEC 2008 — All rights reserved
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FMO Data Coding
MSB first encoding of Byte 10110001 = 'B1’

Alternative

deps
prior

5.2.2.5.5

A Return
data bits

The Pregmble enables the interrogator to lock to theitag data clock and begin decoding of the message. |l

consists

rules) that act as a frame marker for the transitiof-from Preamble to Data.

5.2.2.5.6)

The retu

Data ‘0’
the tag’s

be back-|

nding on

conditionsJ | | | | L L] L] K

Trlb

Figure 6 — Tag to interrogator data coding

Message format

[0

Link Message consists of n data bits preceded by«the Preamble and followed by the tag data. Th
are sent MSB first.

=

of 16 bits as shown in Table 10. There are.nultiple code violations (sequence not conforming to FMD

Return preamble

n preamble is a sequence_of backscatter modulation specified in Table 10.

Table 10 — Return preamble

00000101010101010101000110 1100 01

s représented by the tag’s modulator being in the high impedance state, Data ‘1’ is represented b
modulator switching to the low impedance state, thereby causing a change in the incident energy t
sCattered.

o<

14
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The tag shall execute backscatter, a half-bit 1 and half-bit 0 sent by the tag defined as follows in Figure 7.

low impedance

high impedance

NOTE 1 = low impedance (backscatter), 0 = high impedance (no backscatter).

Figure 7 — Return link preamble
5.2.2.6 Cyclic redundancy check (CRC)
Vhen sending a command to the tag, the interrogator shall attach an.inverted CRC to the messag

n receiving a command from the interrogator, the tag shall verify that.the checksum or the CRC valy
I{ it is invalid, it shall discard the frame, shall not respond and shall not take any other action.

o<

mterrogator.

—

he polynomial used to calculate the CRC is X6 +%12'+ X5 + 1. The 16-bit register shall be preloz
FFFF’. The resulting CRC value shall be inverted, attached to the end of the packet and transmitted.

—

he most significant byte shall be transmitted\first. The most significant bit of each byte shall be tra
first.

>

t the tag, the incoming CRC bits aredinverted and then clocked into the register. After the LSB bit ig
mto the tag, the 16 bit CRC register'should contain all zeros.

Tlhe 16 bit CRC shall be calculated on all data bits up to, but not including, the first CRC bit.

On receiving of a respaonse from the tag, it is recommended that the interrogator verifies that the CR(
valid. If it is invalid, appropriate remedial action is the responsibility of the interrogator designer.

Table 11 — CRC 16 bits and bytes transmission rules

MSByte LSByte
MSB LSB MSB LSB

b packet.
e is valid.

The 16 bits CRC applies for both communication directiéns:” From interrogator to tag and frofn tag to

ded with

nsmitted

clocked

value is

CRC 16 (8 bits) CRC 16 (8 bits)

T first transmitted bit of the inverted CRC

5.2.2.7 Protocol concept

Data is encoded and presented in slightly different ways in the constituent fields. For interrogator-to-tag
communication (forward link), data is sent using an on-off key format. The radio frequency field being on
corresponds to 1, while the radio frequency field being off corresponds to 0. The on-off ratio specification is

defined in clause 5.2.2.4. In the case of Manchester coding a Manchester 1 is a 1 to 0 transition
Manchester 0 is a 0 to 1 transition.

© ISO/IEC 2008 — All rights reserved
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For tag-to-interrogator communication (return link), data is sent using backscatter techniques. This requires
that the interrogator provide steady power to the tag during the return link. While the interrogator powers the
tag, the tag shall change alternately the effective impedance of the tag front end and thus changing the overall
radio frequency reflectivity of the tag as seen by the interrogator. During this time, the interrogator shall not
modulate the carrier. During the WAIT field (when tags write data into their memory), the interrogator shall
also provide steady power to the tag, and shall not modulate the carrier. The transmission protocol defines the
mechanism to exchange instructions and data between the interrogator and the tag, in both directions.

It is based on the concept of "interrogator talks first".

Q.

This megns that any tag shall not start transmitting (modulating) unless it has received and properly decode]
an instrugtion sent by the interrogator.

The protpcol is based on an exchange of a command from the interrogator to the tag and a response from the
tag(s) to the interrogator.

The conditions under which the tag sends a response are defined in clause 5.2.3.6.
Each command and each response are contained in a frame. The frame is specified in Clause 5.2.2.7.
Each command consists of the following fields:

Pregmble

Delimiter

Conmmand code

Parameter fields, depending on the command

Application data fields, depending on the command

CRC
Each regponse consists of the following fields:

Retyrn Preamble

Application data fields

CR(

=

The protpcol is bit-oriented. The number of bits transmitted in a frame is a multiple of eight (8), i.e. an integg
number ¢f bytes. However, the frame itself is not based on an integer number of bytes.

[0

In all byte fields,-the MSB shall be transmitted first, proceeding to the LSB. In all word (8-byte) data fields, th
MSB shgll be\transmitted first.

The MSB shall be the byte at the specified address. The LSB shall be the byte at the specified address plus 7
(i.e., bytes are transmitted in incrementing address order).

The byte significance is relevant to data transmission and to the GROUP_SELECT and GROUP_UNSELECT
greater than and less than comparisons.

The MSB of the byte mask shall correspond to the most significant data byte, the byte at the specified address.
Word (8-byte) addresses are not required to be on an 8-word boundary and may be on any byte boundary.

RFU bits and bytes shall be set to zero (0).

16 © ISO/IEC 2008 — All rights reserved
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5.2.2.8 Command format

5.2.2.81 General
The command consist of the following fields:
Preamble

Delimiter

Command

Parameter and data files

CRC

Table 12 — General command format

Preamble Detect Preamble Delimiter Command Parameter

Data

CRC

5.2.2.8.2 Preamble detect field

Q -

prresponds to 16 bits for a communication rate of 40 kbit/s.

5.2.2.8.3 Preamble
The preamble is equivalent to 9 bits of Manchester 0.

010101010101010101
5.2.2.8.4 Delimiter

52.2.84.1 Start delimiter-1
In NRZ format; includes’Manchester errors; spaces ignored

1100111010 \< Delimiter 1

§52.2.8.5 CRC

See-clauses 5.2.2.6 and Annex B.

9.2:29 Response format

he preamble detect field consist of a steady carrier (no médulation) during a time of at least 400

5.2.29.1 General
The response consists of the following fields:
Quiet
Return Preamble
Data fields
CRC

© ISO/IEC 2008 — All rights reserved
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Table 13 — General response format

Quiet Return Preamble Data CRC

The tag shall use a backscatter technique to communicate data to the interrogator. The interrogator shall be

steadily
(backsca

powering the tag as well as listening to the tag response throughout the tag-to-interrogator
tter) communication. This applies to all fields in the return link.

The tag shall not backscatter for 16 * Ty, — 0,75 * Tqp. The duration of the quiet time is determined(by-th

commun

5.2.2.9.3

See claupses 5.2.2.6 and Annex B.

5.2.2.10

During th

off key data may be sent during the write operation.

When a

which a Write will occur are described in clause 5.2.3.6.2.5.4.) If a write operation is executed, the final field i
the overgll field sequence shall always be WAIT.

During tH
tag. On-¢

Details a

READER OUT]

TA

D

cation speed of the forward and return link.

CRC

WAIT

e WAIT field, the interrogator provides steady power to the tag for duration of at least 15 ms. No of

=

ag receives a write command, it shall execute a write operation’ (The details of the conditions unde

=}

[¢)

e WAIT field, when the tag is writing data into the EEPROM, the interrogator must steadily power th
ff key data shall not be sent during this time.

e shown in Figure 8 and in Figure 9.

FIELD | PREAMBLE DETECT | preawsie [soet] CMD ] ADDR][ BM ] WORD_DATA [ CRC-16 |
PUT WAVEFORM DD

G MODULATION

REMARKS ‘ 400 p's minimym ‘nine 01'5‘ ‘ ‘ Manchester ‘ Manchester ‘ Manchester ‘
11001110 10
FIELD | QUIET [ RET PREAMBLE, RETURN DATA/ACKIERR]  CRC-16 |
READER OUTPUT WAVEFORM
TAG MODULATION DD
REMARKS | \ \ FMO \ FMO | intercommand time or
‘ field on for write
Figure 8 — Sample Command/Response Packets for (GROUP_SELECT)
(40 kbit/s on forward and return link)
18 © ISO/IEC 2008 — All rights reserved
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FIELD [ PREAMBLE_DETECT | PreamsLe[sToe] CMD ] D [ ADDR] DAT [ CRC-16 \
READER OUTPUT WAVEFORM DXOPRDPRDPRDPPDDLDPDPDPIPIIKA

TAG MODULATION

REMARKS | 400 us minimum ‘ nine 01'5‘ ‘ ‘ Manchester ‘ Manchester ‘
11001110 10
[ war ]
FIELD | QUIET [ RET PREAMBLE] RETURN ACK/ERR [ CRC-16 \

READER OUTPUT WAVEFORM
TAG MODULATION DXDDDDDDDXDDDDDDDDIIKIK

REMARKS ‘ field on to power tag during write ‘

Figure 9 — Sample Command/Response Packets for WRITE
(40 kbit/s on forward and return link)

(4, ]

.2.2.11 Communication sequences at packet level

igure 10 and Figure 11 show several examples of communication sequences at the packet level. figure 10
epicts a packet sequence that includes a write command. The sequengetincludes a wait for write timpe, which
rovides the necessary time for the chip to complete its write operation:\In addition, following the waif for write
me, the interrogator issues a tag resync signal. This signal is composed of 10 consecutive 01 sigpals. The
urpose of the tag resync signal is to initialise the tag data récovery circuitry. It is required after a write
ecause the interrogator may output spurious edges during the’wait for write time. Without the tag resync,
ags may miscalibrate as a result of the spurious signals that may be generated.

=0 QT

I~aiole]

-

igure 11 depicts a packet sequence in which a frequency hop between commands is included.| The tag
psync signal is again required after the hop because'spurious signals may be generated during the hpp time.

—

I order to ensure that tags do not get confused{frequency hops between command and response should be
gvoided.

\ction COMMAND RESPONSE WAIT FOR WRITE TAG RESYNC COMMAND RE$PONSE
Component  execution |~ Interrogator Tag Interrogator Interrogator Interrogator Tag
ction

Notes - - 15 ms minimum ten 01's - -

Figure 10 — Command sequence (including a write) with no hopping

© ISO/IEC 2008 — Al rights reserved 19
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Action COMMAND RESPONSE HOP TAG RESYNC COMMAND RESPONSE
Component execution | Interrogator Tag Interrogator Interrogator Interrogator Tag
action

Notes —— o <26 s ten 01's mo mo

Figure 11 — Command sequence with a hop between response and next command

5.2.3 PFrotocol and collision arbitration

5.2.3.1 | Definition of data elements, bit and byte ordering

5.2.3.1.1 UniqueID

See Annex A, Clause A.2.
5.2.3.1.21 CRC
See clauge 5.2.2.6 and Annex B.

5.2.3.1.3] FLAGS

The tag $hall support a field of 8 flags. This field is.called FLAGS.

Table 14 — FLAGS

Bit Name
FLAG1 (ESB) DE_SB (Data_Exchange Status Bit)
FLAG2 WRITE_OK
FLAG3 BATTERY_POWERED
FLAG4 BATTERY_OK
FLAG5 0 (RFU)
FLAG6 0 (RFU)
FLAG7 0 (RFU)
FLAGS (MSB) U (RFU)

5.2.3.1.31 Data Exchange Status Bit (DE_SB)

The tag shall set this bit when the tag goes into the DATA_EXCHANGE state and keep it set unless it moves
into the POWER-OFF state.

When the DE_SB is set and the tag comes into the POWER-OFF state, then the tag shall trigger a timer that
will reset the DE_SB bit after tpg_sp.

20 © ISO/IEC 2008 — All rights reserved
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toe_sg shall be at least 2 seconds in the temperature range —30 °C to 60 °C.
toe_sp shall be at least 4 seconds in the temperature range 0 °C to 50 °C.
When the tag receives the INITIALIZE command, then it shall reset the DE_SB immediately.

5.2.3.1.3.2 WRITE_OK

The WRITE_OK bit shall be set after a successful write access to the memory. (E.g. WRITE, LOCK)

2008(E)

he WRITE_OK bit is cleared after execution of the command following the write command.

.2.3.1.3.3 BATTERY_POWERED

he BATTERY_POWERED bit shall be set when the tag should have a battery. It shall:be cleared fo
tags.

§52.3.1.34 BATTERY_OK

Tlhe BATTERY_OK bit shall be set when the battery has enough powerto-support the tag. It shall b
br passive tags.

—h

8.2.3.2 Tag memory organisation

Tlhe functional memory shall be organised in blocks of one byte.
Up to 256 blocks of one byte can be addressed.

Tlhis leads to a maximum memory capacity of up-to 2 kbit.

NOTE This structure allows future extensions of the maximum memory capacity.

5.2.3.3 Block security status

Hach byte shall have a corresponding lock bit. The lock bits may be locked by use of the LOCK ¢
Tlhe status of the lock bit maybe read by the QUERY_LOCK command. The tag shall not be alloweg
any lock bit after leaving the final production site. In most cases this is the production site that de
unique ID.

§.2.3.4 Overall protocol description

59.2.3.4.1 _-Tag states

he tagrhas four major states:

I passive

b cleared

bmmand.
to reset
fines the

p it. (For

battery-assisted tags, it means that the level of RF excitation is insufficient to turn on

the tag circuits.)
READY The tag is in the READY state when the interrogator first powers it up.
ID The tag is in the ID state when it is trying to identify itself to the interrogator.

DATA_EXCHANGE The tagis in the DATA_EXCHANGE state, when it is known to the interrogator
selected.

© ISO/IEC 2008 — All rights reserved
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POWER-OFF

Power On

oelecl

Unselect
Collision Arbitration

Initialize

Data Read

DATA
EXCHANGE

NOTE This diagram does not show that the tag goes’into POWER-OFF from all states in the case that the
interrogatpr field is permanently turned-off.

Figure 12 — State diagram

The statg diagram only shows an overview of the possible transition. Details are specified in Table 16.
Power-Qn:

State change when interrogatof field is turned on.

Select
State change dué.te selection of tag by GROUP_SELECT or READ commands

Unselect

State change due to deselection of tag by GROUP_UNSELECT commands or INITIALIZE command
Collision Arbitration

No state change during collision arbitration until single tag is identified.

Data_Read

State change due to first read access in collision arbitration process
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Read

State change due to read access independent of collision arbitration process.

Initialize

State change due to deselection of tag by INITIALIZE command

The transition between these states is specified in Table 16.

a0

bsponse in the other states.

8.2.3.4.2 Detailed command processing

Table 15 — Detailed command processing

ommands shall be active in states marked with "X" and neither causes a state change; nor

ISO/IEC 18000-4:2008(E)

cause a

COMMAND

States

READY

1D

DATA
EXCHANGE

SROUP_SELECT EQ

SROUP_SELECT NE

SROUP_SELECT GT

SROUP_SELECT LT

SROUP_SELECT EQ_FLAGS

SROUP_SELECT NE_FLAGS

XX | X[X]|X]|X

SROUP_UNSELECT_EQ

SROUP_UNSELECT_NE

SROUP_UNSELECT_GT

SROUP_UNSELECT_LT

SROUP_UNSELECT EQ_FLAGS

SROUP_UNSELECT_NE_FLAGS

MULTIPLE_UNSELECT

FAIL

BUCCESS

RESEND

NITIALIZE

READ

x

DATA READ

READ. VERIFY

x

XX XXX XXX XXX XX XX X[X]|X]XPX

X | XXX

b
S

READVERIFABYTE

WRITE

WRITE4BYTE

XXX

WRITE4BYTE_MULTIPLE

WRITE_MULTIPLE

XXX X[ >

LOCK

QUERY_LOCK

XXX [X]X[X]>
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Table 16 — State Transition Table

Current State Command Condition New state
POWER-OFF ANY COMMAND POWER OFF
POWER-OFF “Power up” READY
READY GROUP_SELECT_EQ #* READY
READY GROUP_SELECT_NE = READY
READY GROUP_SELECT_GT < READY
READY GROUP_SELECT_EQ_FLAGS flag not set READY
READY GROUP_SELECT_NE_FLAGS flag set READY
READY GROUP_SELECT_LT > READY
READY GROUP_SELECT_EQ = ID
READY GROUP_SELECT_NE # ID
READY GROUP_SELECT_GT [n]

READY GROUP_SELECT_LT < ID

READY GROUP_SELECT_EQ_FLAGS flag set ID

READY GROUP_SELECT_NE_FLAGS flag not set ID

READY INITIALIZE READY

READY READ ID no match READY

READY READ ID match DATA_EXCHANGE
READY READ_VERIFY ID no match or not WRITE_OK | READY

READY READ_VERIFY ID match and WRITE_OK DATA_EXCHANGE
READY READ_VERIFY4BYTE ID, ho match or not WRITE_OK | READY

READY READ_VERIFY4BYTE ID match and WRITE_OK DATA_EXCHANGE
READY WRITE ID no match READY

READY WRITE ID match DATA_EXCHANGE
READY WRITE4BYTE ID no match READY

READY WRITE4BYTE ID match DATA_EXCHANGE
READY QUERY_LOCK ID no match READY

READY QUERY_LOCK ID match DATA_EXCHANGE
ID GROUP-UNSELECT_EQ # ID

ID GROUYP_UNSELECT_NE = ID

ID GROUP_UNSELECT_GT < ID

ID GROUP_UNSELECT_LT > ID

ID GROUP_UNSELECT_EQ_FLAGS flag not set ID

ID GROUP_UNSELECT_NE_FLAGS flag set ID

ID GROUP_UNSELECT_EQ = READY

ID GROUP_ONSELECT NE E: READY

ID GROUP_UNSELECT_GT > READY

ID GROUP_UNSELECT_LT < READY

ID GROUP_UNSELECT_EQ_FLAGS flag set READY

ID GROUP_UNSELECT_NE_FLAGS flag not set READY

ID MULTIPLE_UNSELECT # or notWRITE_OK ID

ID MULTIPLE_UNSELECT = and WRITE_OK READY

ID GROUP_SELECT_EQ ID

ID GROUP_SELECT_NE ID
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Table 16 (continued)

Current State Command Condition New state
ID GROUP_SELECT_GT ID
ID GROUP_SELECT_LT ID
ID GROUP_SELECT_EQ_FLAGS ID
ID GROUP_SELECT_NE_FLAGS ID
ID FAIL ID
D SUCCESS 1D
D RESEND ID
D INITIALIZE READY
D READ ID no match ID
D READ ID match DATA_EXCHANGE
D DATA_READ ID no match ID
D DATA_READ ID match DATA_EXCHANGE
D READ_VERIFY ID no match or not WRITE_OK | ID
D READ_VERIFY ID match andWRITE_OK DATA_EXCHANGE
D READ_VERIFY4BYTE ID no match or not WRITE_OK | ID
D READ_VERIFY4BYTE ID match and WRITE_OK DATA_EXCHANGE
D WRITE IDne,match ID
D WRITE ID match DATA_EXCHANGE
D WRITE4BYTE ID no match ID
D WRITE4BYTE ID match DATA_EXCHANGE
D WRITE_MULTIPLE ID
D WRITE4BYTE_MULTIPLE ID
D QUERY_LOCK ID no match ID
D QUERY_LOCK ID match DATA_EXCHANGE
DATA_EXCHANGE INITIALIZE READY
DATA_EXCHANGE READ DATA_EXCHANGE
DATA_EXCHANGE DATA_READ DATA_EXCHANGE
DATA_EXCHANGE READ_VERIFY DATA_EXCHANGE
DATA_EXCHANGE READ_VERIFY4B YTE DATA_EXCHANGE
DATA_EXCHANGE WRITE DATA_EXCHANGE
DATA_EXCHANGE WRITE4BYTE DATA_EXCHANGE
DATA_EXCHANGE WRITE4BYTE_MULTIPLE DATA_EXCHANGE
DATAEXCHANGE WRITE_MULTIPLE DATA_EXCHANGE
DATA EXCHANGE LOCK DATA_EXCHANGE
DATA_EXCHANGE QUERY_LOCK DATA_EXCHANGE
5.2.3.5 Collision arbitration

The interrogator may use the GROUP_SELECT and GROUP_UNSELECT commands to define all or a
subset of tags in the field to participate in the collision arbitration. It then may use the identification commands
to run the collision arbitration algorithm.
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For the collision arbitration the tag shall support two pieces of hardware on the tag:

e An 8-bit counter COUNT

e Arandom 1 or O generator.

In the beginning, a group of tags are moved to the ID state by GROUP_SELECT commands and shall set
their internal counters to 0. Subsets of the group may be unselected by GROUP_UNSELECT commands back

to the READY state. Other groups can be selected before the identification process begins. Simulation results
show no advantage in identifying one large group or a few smaller groups

After abqve described selection, the following loop should be performed:

1. All tags in the ID state with the counter COUNT at O shall transmit their ID. This set initially includes all the
selefted tags.

2. If mpre than one tag transmitted, the interrogator receives an erroneous response. The FAIL command
shall| be sent.

3. All tags receiving a FAIL command with COUNT not equal to 0 shall to increment COUNT. That is, they
mowve further away from being able to transmit.

All tags receiving FAIL a count of O (those that just transmitted) shall generate a random number. Those
that|roll a 1 shall increment COUNT and shall not transmit. Those-that roll a zero shall keep COUNT at
zerd and shall send their UID again.

One of fgur possibilities now occurs:

4. If more than one tag transmits, the FAIL step 2 repeats:(Possibility 1)

5. If all tags roll a 1, none transmits. The interrogatot“receives nothing. It sends the SUCCESS command.

All the counters decrement, and the tags with,a count of 0 transmit. Typically, this returns to step 2.
(Pogsibility 2)

U

6. If only one tag transmits and the ID i§ received correctly, the interrogator shall send the DATA_REA
command with the ID. If the DATA*READ command is received correctly, that tag shall move to th
DATIA_EXCHANGE state and shall\transmit its data.

D

Thelinterrogator shall sends SUCCESS. All tags in the ID state shall decrement COUNT.

N

7. If orlly one tag has a count of 1 and transmits, step 5 or 6 repeats. If more than one tag transmits, step
repdats. (Possibility/3)

8. If only one tag.transmits and the ID is received with an error, the interrogator shall send the RESEND
command. If\the ID is received correctly, step 5 repeats. If the ID is received again some variable numbe
of times, (this number can be set based on the level of error handling desired for the system), it
assymeédithat more than one tag is transmitting, and step 2 repeats. (Possibility 4)

[

5.2.3.6 Commands

Commands are divided into four functional groups:
— Selection commands

— Identification commands

— Data transfer commands

— Multiple commands
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Further, commands have one of the following types:
— Mandatory

— Optional

— Custom

— Proprietary

5.2.3.6.1 Command types

All tags with the same IC manufacturer code and same IC version number shall behave the same.

5.2.3.6.1.1 Mandatory

Tlhe command codes range from '00’ to '0A’, ‘0C’, “15’,and ‘“1E’, "1F' and '20' to ‘3F’!

>

Mandatory command shall be supported by all tags that claim to be compliant. Interrogators whjch claim
ompliance shall support all mandatory commands.

Q

5.2.3.6.1.2 Optional
Tlhe command codes range from ‘OB’, ‘0D’ to ‘OF’, ‘11’ to “13’, 47 1o ‘“1C', "1D' and from '40' to ‘OF’.

Qptional commands are commands that are specified withinthe International Standard. Interrogatorg shall be
téchnically capable of performing all optional commands that are specified in the International Btandard
(flthough need not be set up to do so). Tags may{or may not support optional commands. If an| optional
mmand is used, it shall be implemented in the manher specified in the International Standard.

I the tag does not support an optional command, it shall remain silent.

OTE The command whose code ranges-from '17' to '1C' are optional and not essential to operate the tag.|However,
their support by the tag is recommended. for-appropriate performance. To reflect this, they are reported as “recorpmended”
i Table 17.

5.2.3.6.1.3 Custom

Tlhe command codes range from 'AQ' to 'DF'.

CGustom commands may be enabled by an International Standard, but they shall not be specified in that
International Standard. A custom command shall not solely duplicate the functionality of any manglatory or
ptional command defined in the International Standard by a different method.

he only-fields that can be customised are the parameters and the data fields.

nycustom command contains as its first parameter the IC manufacturer code. This allows IC manufacturers
to Implement custom commands without risking duplicafion of command codes and thus misinterpretation.

If the tag does not support a custom command it shall remain silent.

5.2.3.6.1.4 Proprietary

The command codes are ‘10’, ’14’, ‘16’ and the range from 'EQ' to 'FF".

Proprietary Commands Proprietary commands may be enabled by an International Standard, but they shall
not be specified in that International Standard. A proprietary command shall not solely duplicate the

functionality of any mandatory or optional command defined in the International Standard by a different
method.
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These commands are used by IC and tag manufacturers for various purposes such as tests, programming of
system information, etc... The IC manufacturer may at its option document them or not. It is allowed that these
commands are disabled after IC and/or tag manufacturing.

5.2.3.6.2 Command codes and format
Table 17 — Command codes and format
Command Type Command name Parameters
code

'00' Mandatory GROUP_SELECT_EQ ADDRESS |BYTE_MASK WORD_DATA

'01' Mandatory GROUP_SELECT_NE ADDRESS |BYTE_MASK WORD_DATA

'02' Mandatory GROUP_SELECT_GT ADDRESS |BYTE_MASK WORD_DATA

'03' Mandatory GROUP_SELECT_LT ADDRESS |BYTE_MASK WORD_DATA

'04"' Mandatory GROUP_UNSELECT_EQ ADDRESS |BYTE_MASK WORD-DATA

'05' Mandatory GROUP_UNSELECT_NE ADDRESS |BYTE_MASK WORD_DATA

'06' Mandatory GROUP_UNSELECT_GT ADDRESS |BYTE_MASK WORD_DATA

'07' Mandatory GROUP_UNSELECT_LT ADDRESS |BYTE_MASK WORD_DATA

'08' Mandatory FAIL none none none

'09’ Mandatory SUCCESS none none none

'0A' Mandatory INITIALIZE none none none

'0B' Optional DATA_READ ID ADDRESS none

'0C' Mandatory READ ID ADDRESS none

‘0D’ Recommended | WRITE ID ADDRESS BYTE_DATA

'OE' Recommended | WRITE_MULTIPLE none ADDRESS BYTE_DATA

'OF' Recommended | LOCK ID, ADDRESS none

10 Proprietary IC manufacturer dependant

"11' Recommended | QUERY_LOCK ID ADDRESS none

12' Recommended | READ_VERIFY ID ADDRESS none

13’ Recommended | MULTIPLE_UNSELECT ADDRESS |BYTE_DATA none

"14' Proprietary IC manufacturer dependant

'15' Mandatory RESEND none none none

'"16' Proprietary IC manufacturer dependant

"7 Recommended | GROUPSSELECT_EQ_ none BYTE_MASK BYTE_DATA
FLAGS

'"18' Recommended | GROUP_SELECT_NE_ none BYTE_MASK BYTE_DATA
FLAGS

"19' Recommended\GROUP_UNSELECT_EQ_ none BYTE_MASK BYTE_DATA
FLAGS

1A' Recommended | GROUP_UNSELECT_NE_ none BYTE_MASK BYTE_DATA
FLAGS

"1B' Recommended | WRITE4BYTE ID ADDRESS BYTE_MASK

"1C' Recommended | WRITE4BYTE_MULTIPLE BYTE_MASK |ADDRESS 4BYTE_DATA

"1D' Recommended | READ_VERIFY4BYTE ID ADDRESS

“1E-1F Mandatory RFU

‘20-3F’ Mandatory RFU

‘40’ - 9F Optional RFU

‘A0’ - ‘DF’ Custom IC Manufacturer dependent

‘EQ’ - ‘FF’ Proprietary IC Manufacturer dependent
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5.2.3.6.21 Command fields
Table 18 — Command fields
Field name Field size
COMMAND 1 byte
ADDRESS 1 byte
BYTE_MASK 1 byte
ID 8 bytes
WORD_DATA 8 bytes
BYTE_DATA 1 byte
4BYTE_DATA 4 bytes
5.2.3.6.2.2 Tag responses
Table 19 — Tag responses
Response code Response name Response size
'00' ACKNOWLEDGE 1'byte
ACKNOWLEDGE_NOK Tbyte
'01' ACKNOWLEDGE_OK 1byte
'FE' ERROR_NOK 1byte
'FF' ERROR 1byte
ERROR_OK 1byte
Not applicable WORD_DATA 8 bytes
Not applicable BYTE_DATA 1byte
‘02’ - ‘FD’ RFU
5.2.3.6.2.3 Selection commands
Selection commands define a subset of tags in the field to be identified or written to and may be used as part
gf the collision arbitration.
5.2.3.6.2.3.1 Data comparison for selection command on memory
Hach select ~.command of the commands GROUP_SELECT EQ, GROUP_SELECT_NE,
GROUP_SELECT/ GT, GROUP_SELECT_LT, GROUP_UNSELECT_EQ, GROUP_UNSELECT_NE,
GROUP_UNSELECT_GT, GROUP_UNSELECT _LT has 3 arguments (parameter and data):
ADDRESS
BYFE_MASK
WORD_DATA
and the tag shall make one of 4 possible comparisons:
EQ M EQUAL D
NE M NOT EQUAL D
GT M GREATER THAN D
LT M LOWER THAN D
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The arguments of the comparison are

M7 MSB M6 M5 M4 M3 M2 M1 MO LSB

Tag memory Tag memory Tag memory Tag memory Tag memory Tag memory Tag memory Tag memory
content at content at content at content at content at content at content at content at
ADDRESS+0 |ADDRESS+1 |ADDRESS+2 |[ADDRESS+3 |ADDRESS+4 |ADDRESS+5 |[ADDRESS+6 |ADDRESS+7

M=MO + M1 *2%+M2*2"°+M3*2% + M4 *2% + M5 * 2% + M6 * 2*8 + M7 * 2°°

and the elargument of the command

D7 MSB D6 D5 D4 D3 D2 D1 DOLSB
First byte pfter Last byte after
command command

D=D0+D1*28+D2*216+D3*224+ D4 *232+D5*240 + D6 * 248 + D7 * 256

The argyment BYTE_MASK defines what bytes to be considered for comparisori.

Table 20 — Data masking for Group_Select and Group.Unselect commands

BYTE_MASK WORD. DATA
Bit 7 (MSB) is set Consider D7 and M7for comparison
Bit 6 is set Consider D6 _and"M6 for comparison
Bit 5 is set Consider D5 and M5 for comparison
Bit 4 is set Consider-D4 and M4 for comparison
Bit 3 is set Conhsider D3 and M3 for comparison
Bit 2 is set Consider D2 and M2 for comparison
Bit 1 is set Consider D1 and M1 for comparison
Bit 0 (LSB) is set Consider DO and MO for comparison
Bit 7 (MSB) is Cleared Ignore D7 and M7 for comparison
Bit 6 is cleared Ignore D6 and M6 for comparison
Bit 5 is(Cleared Ignore D5 and M5 for comparison
Bit 4-is cleared Ignore D4 and M4 for comparison
Bit\3 is cleared Ignore D3 and M3 for comparison
Bit 2 is cleared Ignore D2 and M2 for comparison
Bit 1 is cleared Ignore D1 and M1 for comparison
Bit O (LSB) is cleared Ignore DO and MO for comparison

5.2.3.6.2.3.2 Data comparison for selection command on flags

Each select command of the commands GROUP_SELECT _EQ FLAGS GROUP_SELECT NE_FLAGS,
GROUP_UNSELECT_EQ_FLAGS, GROUP_UNSELECT_NE_FLAGS, has 2 arguments (parameter and
data):

BYTE_MASK

BYTE_DATA

30 © ISO/IEC 2008 — All rights reserved


https://standardsiso.com/api/?name=8b1988c00d0aacbf5224d837d09bb46a

ISO/IEC 18000-4:2008(E)

and the tag shall make of 2 possible comparisons:

EQ FLAGS EQUALD

NE FLAGS NOT EQUAL D

The arguments of the comparison are FLAGS, as defined in clause 5.2.3.1.3 and the argument of the
command D, consisting of the bits D7 (MSB) to DO (LSB).

The argument BYTE_MASK defines what bits to be considered for comparison.

Table 21 — Data masking for Group_Select_Flags and Group_Unselect_Flags

BYTE_MASK BYTE_DATA
Bit 7 (MSB) is set Consider D7 and FLAG7 for comparison
Bit 6 is set Consider D6 and FLAG6 for comparison
Bit 5 is set Consider D5 and FLAGS5 for comparison
Bit 4 is set Consider D4 and FLAG4 for compdrison
Bit 3 is set Consider D3 and FLAG3 for,eomparison
Bit 2 is set Consider D2 and FLAG2 for'‘comparison
Bit 1 is set Consider D1 and FLAG1-for comparison

Bit 0 (LSB) is set

Consider DO and-FLLAGO for comparison

Bit 7 (MSB) is cleared

Ignore D7 and:ELAG7 for comparison

Bit 6 is cleared

Ignore D6 and' FLAG6 for comparison

Bit 5 is cleared

Ignore:D5and FLAGS5 for comparison

Bit 4 is cleared

Ignore D4 and FLAG4 for comparison

Bit 3 is cleared

Ignore D3 and FLAG3 for comparison

Bit 2 is cleared

Ignore D2 and FLAG2 for comparison

Bit 1 is cleared

Ignore D1 and FLAG1 for comparison

Bit 0 (LSB) is cleared

Ignore DO and FLAGO for comparison

Hormula describing the EQUAL function:

— o~

fue.

-

he <{UNEQUAL comparison passes,

m -

ormula describing the UNEQUAL function:

if B7*(D7!=FLAG7)

The EQUAL compafison passes, if (IB7+(D7=FLAG7)) * (IB6+(D6=FLAG6)) * (IB5+(D5=FLA
B4+(D4=FLAG4))-% (1B3+(D3=FLAG3)) * (IB2+(D2=FLAG2)) * (IB1+(D1=FLAG1)) * (!BO+(DO=FL

4(D4I1=FLAG4) + B3*(D3!=FLAG3) + B2*(D2!=FLAG2) + B1*(D1!=FLAG1) + BO*(D0!=FLAGO) is trde.

+ B6*(D6!=FLAG6) + B5*(D5!=FL

35)) * *
AGO)) is

AG5) +

5.2.3.6.2.3.3 GROUP_SELECT_EQ

Command code = ‘00’

On receiving a GROUP_SELECT_EQ command, a tag which is READY state shall read the 8-byte memory
content beginning at the specified address and compare it with the WORD_DATA sent by the interrogator. In
the case that the memory content is equal to WORD_DATA the tag shall set its internal counter COUNT to 0,
read its UID and send back the UID and go into the state ID.
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On receiving a GROUP_SELECT_EQ command, a tag which is ID state shall set its internal counter COUNT
to 0, read its UID and send back the UID and stay in the ID state.

In all other cases the tag shall not send a reply.

Table 22 — GROUP_SELECT_EQ command

Preamble Delimiter COMMAND ADDRESS MASK WORD_DATA CRC

8 bits 8 bits 8 bits 64 bits 16 bits

Table 23 — GROUP_SELECT_EQ response in the case of NO error

Preamble ID CRC
64 bits 16 bits
NOTE If the byte mask is zero, GROUP_SELECT_EQ selects all tags.

5.2.3.6.213.4 GROUP_SELECT_NE

Commard code = ‘01’

memory |content beginning at the specified address and compare it with the WORD_DATA sent by th
interrogator. In the case that the memory content is not equal"to WORD_DATA the tag shall set its intern
counter COUNT to 0, read its UID and send back the UID and go into the state ID.

On receijving a GROUP_SELECT_NE command, a tag which is\in' the READY state shall read the 8—byF

=

On receiving a GROUP_SELECT_NE command, a tag which is in the ID state shall set its internal countg
COUNT }o 0, read its UID and send back the UID and stay in the ID state.

In all other cases the tag shall not send a reply.

Table24'— GROUP_SELECT_NE command

Preamble Delimiter COMMAND ADDRESS BYTE_MASK WORD_DATA CRC

8 bits 8 bits 8 bits 64 bits 16 bits

Table 25 — GROUP_SELECT_NE response in the case of NO error

Preamble ID CRC

64 bits 16 bits

5.2.3.6.2.3.5 GROUP_SELECT_GT

Command code = ‘02’

On receiving a GROUP_SELECT_GT command, a tag which is in the READY state shall read the 8-byte
memory content beginning at the specified address and compare it with the WORD_DATA sent by the

interrogator. In the case that the memory content is greater than WORD_DATA the tag shall set its internal
counter COUNT to 0, read its UID and send back the UID and go into the state ID.
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On receiving a GROUP_SELECT_GT command, a tag which is in the ID state shall set its internal counter
COUNT to 0, read its UID and send back the UID and stay in the ID state.

In all other cases the tag shall not send a reply.

Table 26 — GROUP_SELECT_GT command

Preamble Delimiter COMMAND ADDRESS MASK WORD_DATA CRC

8 bits 8 bits 8 bits 64 bits 16 bits

Table 27 — GROUP_SELECT_GT response in the case of NO error

Preamble ID CRC

64 bits 16 bits

52.3.6.2.3.6 GROUP_SELECT_LT
Gommand code = ‘03’

On receiving a GROUP_SELECT LT command, a tag which\is in the READY state shall read the 8-byte

rllemory content beginning at the specified address and. cémpare it with the WORD_DATA sent by the
terrogator. In the case that the memory content is lowerthan WORD_DATA the tag shall set it$ internal

counter COUNT to 0, read its UID and send back the UIDand go into the state ID, and stays in the 10| state.

On receiving a GROUP_SELECT_LT command,.a tag which is in the ID state shall set its interna] counter
CGOUNT to 0, read its UID and send back the UlD;and stay in the ID state.
Im all other cases the tag shall not send a reply.

Table 28 — GROUP_SELECT_LT command

Preamble Delimiter COMMAND ADDRESS BYTE_MASK WORD_DATA CRC

8 bits 8 bits 8 bits 64 bits 16 bits

Table 29 — GROUP_SELECT_LT response

Preamble ID CRC

64 bits 16 bits

5.2.3.6.2.3.7 GROUP_UNSELECT_EQ
Command code = ‘04’

On receiving a GROUP_UNSELECT_EQ command, a tag which is in the ID state shall read the 8-byte
memory content beginning at the specified address and compare it with the WORD_DATA sent by the
interrogator. In the case that the memory content is equal to WORD_DATA the tag shall go into the state
READY and not send any reply. In the case that the comparison fails, the tag shall set its internal counter
COUNT to 0, read its UID and send back the UID, and shall stay in the ID state.

In all other cases the tag shall not send a reply.
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Table 30 — GROUP_UNSELECT_EQ command

Preamble Delimiter COMMAND ADDRESS BYTE_MASK WORD_DATA CRC
8 bits 8 bits 8 bits 64 bits 16 bits
Table 31 — GROUP_UNSELECT_EQ response
Preamble ID CRC
64 bits 16 bits
NOTE If the byte mask is zero, GROUP_UNSELECT_EQ unselects all tags.
5.2.3.6.213.8 GROUP_UNSELECT_NE
Commarjd code = ‘05’
On recelving a GROUP_UNSELECT_NE command, a tag which is in the IDstate shall read the 8-by

memory

interrogator. In the case that the memory content is not equal to WORD_DATA-the tag shall go into the sta

content beginning at the specified address and compare it with the-WORD_DATA sent by th

READY and not send any reply. In the case the comparison fails, the tag,shall set its internal counter COUN[T
to 0, readl its UID and send back the UID, and shall stay in the ID state.
In all othgr cases the tag shall not send a reply.

Table 32 — GROUP_UNSELECT_NE command

Preamble Delimiter COMMAND ADDRESS BYTE_MASK WORD_DATA CRC
8 bits 8 bits 8 bits 64 bits 16 bits
Table 33 — GROUP_UNSELECT_NE response
Preamble ID CRC
64 bits 16 bits

5.2.3.6.23.9 GROUPWNSELECT_GT
Commarjd code =306’
On recelvingna GROUP_UNSELECT_GT command, a tag which is in the ID state shall read the 8-by
memory |content beginning at the specified address and compare it with the WORD DATA sent by th

interrogator. In the case that the memory content is greater than to WORD_DATA the tag shall go into the
state READY and not send any reply. In the case that the comparison fails, the tag shall set its internal
counter COUNT to 0, read its UID and send back the UID, and shall stay in the ID state.

In all other cases the tag shall not send a reply.

Table 34 — GROUP_UNSELECT_GT command

Preamble

Delimiter

COMMAND

ADDRESS

BYTE_MASK

WORD_DATA

CRC

8 bits

8 bits

8 bits

64 bits

16 bits

34

© ISO/IEC 2008 — All rights reserved


https://standardsiso.com/api/?name=8b1988c00d0aacbf5224d837d09bb46a

ISO/IEC 18000-4:2008(E)

Table 35 — GROUP_UNSELECT_GT response in the case of NO error and comparison fails
Preamble ID CRC
64 bits 16 bits
5.2.3.6.2.3.10 GROUP_UNSELECT_LT
Command code = ‘07’
On receiving a GROUP_UNSELECT_LT command, a tag which is in the ID state shall read)tHe 8-byte
rllemory content beginning at the specified address and compare it with the WORD_DATA’serjt by the
imterrogator. In the case that the memory content is lower than to WORD_DATA the tag shall go into[the state
READY and not send any reply. In the case that the comparison fails, the tag shall sét\its internal counter
CGOUNT to 0, read its UID and send back the UID, and shall stay in the ID state.
In all other cases the tag shall not send a reply.
Table 36 — GROUP_UNSELECT_LT command
Preamble Delimiter COMMAND ADDRESS BYTE_MASK WORD_DATA CRC
8 bits 8 bits 8 bits 64 bits 16 bits
Table 37 — GROUP_UNSELECT_LT response
Preamble ID CRC
64 bits 16 bits
5.2.3.6.2.3.11 MULTIPLE_UNSELECT
CGommand code = 13’
@n receiving a MULTIPLE, UNSELECT command, a tag which is in the ID state shall read the 1-bytd memory
content beginning at the specified address and compare it with the BYTE_DATA sent by the interrqgator. In
the case that the memory content is equal to BYTE_DATA and the flag WRITE_OK is set, then the|tag shall
into the state READY and not send any reply. In the case that the comparison fails, the tag shall set its
imternal counter, ECOUNT to 0, read its UID and send back the UID, and shall stay in the ID state.
In all other.cases the tag shall not send a reply.
Table 38 — MULTIPLE_UNSELECT command

Preamble Delimiter COMMAND ADDRESS BYTE_DATA CRC

8 bits 8 bits 8 bits 16 bits

Table 39 — MULTIPLE_UNSELECT response

Preamble ID CRC

64 bits 16 bits
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This command may be used to unselect all tags that had a successful write, while tags that had a weak write
or write problems stay selected.

5.2.3.6.2.3.12 GROUP_SELECT_EQ_FLAGS
Command code = ‘17’

On receiving a GROUP_SELECT_EQ_FLAGS command, a tag which is in the READY state shall compare
the FLAGS with the BYTE_DATA sent by the interrogator. In the case that the FLAGS are equal to
BYTE_D TA the tag shall set its-internal counter COUNT to O, read-its UID and send back-the UID and

into the gtate ID.

On receiving a GROUP_SELECT_EQ_FLAGS command, a tag which is in the ID state shall set its internal
counter COUNT to 0, read its UID and send back the UID and stay in the ID state.

In all othgr cases the tag shall not send a reply.

Table 40 — GROUP_SELECT_EQ_FLAGS command

Preamble Delimiter COMMAND | BYTE_MASK | BYTE_DATA CRC

8 bits 8 bits 8 bits 16 bits

Table 41 — GROUP_SELECT_EQ_FLAGS response

Preamble ID CRC
64 bits 16 bits

NOTE If the byte mask is zero, GROUP_SELECT_EQ-FLAGS selects all tags.

5.2.3.6.213.13 GROUP_SELECT_NE_FLAGS

Commarnd code = ‘18’

[0

On receiving a GROUP_SELECT_NE FLAGS command, a tag which is in the READY state shall compar
the FLAGS with the BYTE_DATA sent by the interrogator. In the case that the FLAGS are not equal 1
BYTE_DJATA the tag shall setlits internal counter COUNT to 0, read its UID and send back the UID and g
into the gtate ID.

O O

On receiving a GROURNSELECT _NE_FLAGS command, a tag which is in the ID state shall set its internal
counter COUNT to O;read its UID and send back the UID and stay in the ID state.

In all other cases.the tag shall not send a reply.

Talhla 49 CcChROUDPD SR EAT NE FILACC ol

rapre =z ONUOUTr_ oG T_NC_TrcATCO COMMMana
Preamble Delimiter COMMAND | BYTE_MASK | BYTE_DATA CRC
8 bits 8 bits 8 bits 16 bits

Table 43 — GROUP_SELECT_NE_FLAGS response

Preamble ID CRC
64 bits 16 bits
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Command code = ‘19’
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On receiving a GROUP_UNSELECT_EQ_FLAGS command, a tag which is in the ID state shall compare the
FLAGS with the BYTE_DATA sent by the interrogator. In the case that the FLAGS are equal to BYTE_DATA
the tag shall go into the state READY and not send any reply. In the case that the comparison fails, the tag
shall set its internal counter COUNT to 0, read its UID and send back the UID, and shall stay in the ID state.

In all other cases the tag shall not send a reply.

q

d
F
B

Table 44 — GROUP_UNSELECT_EQ_FLAGS command

Preamble

Delimiter

COMMAND

BYTE_MASK

BYTE_DATA

CRC

8 bits

8 bits

8 bits

16 bits

OTE

ommand code = ‘1A’

n receiving a GROUP_UNSELECT_NE*FLUAGS command, a tag which is in the ID state shall con
LAGS with the BYTE_DATA sent by-the interrogator. In the case that the FLAGS are not |
YTE_DATA the tag shall go into thestate READY and not send any reply. In the case that the co
fmils, the tag shall set its internal counter COUNT to O, read its UID and send back the UID, and sha
the ID state.

Table 45 — GROUP_UNSELECT_EQ_FLAGS response

Preamble

ID

CRC

64 bits

16 bits

§5.2.3.6.2.3.15 GROUP_UNSELECT_NE_FLAGS

In all other cases the tag shall'not send a reply.

If the byte mask is zero, GROUP_UNSELECT_EQ_FLAGS unselects all tags.

Table 46 — GROUP_UNSELECT_NE_FLAGS command

Preamble

Delimiter

COMMAND

BYTE_MASK

BYTE_DATA

CRC

8 bits

8 bits

8 bits

16 bits

pare the
equal to
mparison
Il stay in

Preamble

ID

CRC

64 bits

16 bits
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Identification commands

Identification commands are used to perform to run the multiple tag identification protocol.

5.2.3.6.2.

41 FAIL

Command code = ‘08’

The identification algorithm uses FAIL when more than one tag tried to identify itself at the same time. Some

tags back

A tag shall only accept a FAIL command if it is in the ID state. In the case that its internal counter COUNT is
not zero por the random generator result is 1, then COUNT shall be increased by 1, unless it is FF.

If the resulting COUNT value is 0, then the tag shall read its UID and sent back it in the response;

5.2.3.6.2
Commar

SUCCES

A tag sh
COUNT

If the res|

off and saome-taas retransmit
HaRa FRe-tags+etHahRsit-

Table 48 — FAIL command

Preamble Delimiter COMMAND CRC
8 bits 16 bits
Table 49 — FAIL response
Preamble ID CRC
64 bits 16 bits

4.2 SUCCESS
d code = ‘09’
S initiates identification of the next.set of tags. It is used in two cases:

When all tags receiving FAlL backed off and did not transmit, SUCCESS causes those same tags 1o
transmit again.

After an e.g. DATACREAD moves an identified tag to DATA_EXCHANGE, SUCCESS causes the
next subset of selected but unidentified tags to transmit.

=

all only accept™a SUCCESS command if it is in the ID state. In the case that its internal counte
s not zergit'shall be decreased by 1.

LIting\COUNT value is 0, then the tag shall read its UID and sent back it in the response.

38

Table 50 — SUCCESS command

Preamble Delimiter COMMAND CRC
8 bits 16 bits
Table 51 — SUCCESS response
Preamble ID CRC
64 bits 16 bits
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5.2.3.6.2.4.3 RESEND
Command code = ‘15’

The identification algorithm uses RESEND when only one tag transmitted but the UID was received in error.
The tag that transmitted resends its UID.

A tag shall only accept a RESEND command if it is in the ID state. If the COUNT value is 0, then the tag shall
read its UID and sent back it in the response.

Table 52 - RESEND command

Preamble Delimiter COMMAND CRC
8 bits 16 bits
Table 53 — RESEND response
Preamble ID CRC
64 bits 16 bits

5.2.3.6.2.4.4 INITIALIZE
Gommand code = ‘0A’

On receiving an INITIALIZE command a tag shall go into the READY state and rgset the
ata_Exchange_Status_Bit.

=]

I{ shall not send any response.

Table 54 — INITIALIZE command

Preamble Delimiter COMMAND CRC

8 bits 16 bits

5.2.3.6.2.5 Data Transfer commands

Data Transfer commands are used to read or write data from or to the tag memory.

Hor memory lock functionality a tag shall provide the opportunity to mark an address lockable. An ADDRESS
i9 marked Iockable by commands as described in this clause. No ADDRESS shall be marked lockable after
& marked

Iockable at the same tlme

5.2.3.6.2.5.1 READ
Command code = ‘0C’

On receiving the READ command, the tag shall compare the sent ID with its UID. In the case that the ID is
equal to the UID, the tag shall from any state move to the DATA EXCHANGE state, read the 8 byte memory
content beginning at the specified address and send back its content in the response. In the case that ID is
not equal to UID or any other error the tag shall not send a reply. Further, the tag makes the byte of ADDESS
lockable.
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The address is numbered from ‘00’ to ‘FF’ (0 to 255).

Table 55 — Read command

Preamble Delimiter COMMAND ID ADDRESS CRC

8 bits 64 bits 8 bits 16 bits

Table 56 — Read response
Preamble |WORD_DATA CRC
64 bits 16 bits

5.2.3.6.2(5.2 DATA_READ
Commard code = ‘OB’

On recejving the DATA READ command, the tag shall only if it is in either—the state ID or the stafe
DATA _EXCHANGE compare the sent ID with its UID. In the case that the IDiis equal to the UID, the tag sh4ll
from any state except READY move to the DATA EXCHANGE state, fead the 8 byte memory conte
beginning at the specified address and send back its content in the response. In the case that the ID is nt
equal to JID or any other error the tag shall not send a reply. The tag also shall send no reply when it is in the
state READY, independently of the value of ID. Further, the tag makes'the byte of ADDESS lockable.

—

The addiess is numbered from ‘00’ to ‘FF’ (0 to 255).

Table 57 — DATA (READ command

Preamble Delimiter COMMAND ID ADDRESS CRC

8 bifs 64 bits 8 bits 16 bits

Table 58 — DATA_READ response

Preamble | WORD_DATA CRC
64 bits 16 bits

5.2.3.6.215.3 READ_VERIFY

Commarld code = ‘12’

On receiving the READ_VERIFY command, the tag shall compare the sent ID with its UID. In the case that
the ID is equal to the UID and the WRITE_OK flag is set, the tag shall from any state move to the
DATA _EXCHANGE state, read the 1-byte memory content beginning at the specified address and send back
its content in the response. Further, the tag shall mark the byte at ADDRESS lockable. In the case that ID is
not equal to UID, WRITE_OK is not set, or any other error the tag shall not send a reply. Further, the tag
makes the byte of ADDESS lockable.

The address is numbered from ‘00’ to ‘FF’ (0 to 255).
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Table 59 — READ_VERIFY command

Preamble Delimiter COMMAND ID ADDRESS CRC

8 bits 64 bits 8 bits 16 bits

Table 60 — READ_VERIFY response

Preamble BYTE_DATA CRC

8 bits 16 bits

5.2.3.6.2.5.4 READ_VERIFY4BYTE
Gommand code = ‘1D’

n receiving the READ_VERIFY4BYTE command, the tag shall compare the‘sent ID with its UID. In
that the ID is equal to the UID and the WRITE_OK flag is set, the tag-shall from any state mo

ATA EXCHANGE state, read the 4-byte memory content beginning at'the specified address and s
its content in the response.

In the case that ID is not equal to UID, WRITE_OK is not set, or-any other error the tag shall not send

Tlhe address is numbered from ‘00’ to ‘FF’ (0 to 255).

Table 61 — READ_VERIFY4BYTE command

Preamble Delimiter COMMAND ID ADDRESS CRC-16

8.\bits 64 bits 8 bits 16 bits

Table 62 - READ_VERIFY4BYTE response

Preamble 4BYTE_DATA CRC-16

32 bits 16 bits

.2.3.6.2.5.5 /H)WRITE
ommand‘code = ‘0D’

n-receiving the WRITE command, the tag shall compare the sent ID with its UID. In the case that

dal to the UID, the tag shall from any state move to the DATA EXCHANGE state, read the lock inf

the case
e to the
bnd back

a reply.

the ID is

ormation

for the byte on the specified memory content beginning at the specified address. In the case that the memory
is locked, it shall send back the ERROR response. In the case that the memory is unlocked, it shall send back
the ACKNOWLEDGE and program the data into the specified memory address. Further, the tag makes the

byte of ADDRESS lockable.

In all other cases the tag will not send any reply.

In the case that the write access was successful, the tag shall set the WRITE_OK bit. Otherwise it shall reset

it.

The address is numbered from ‘00’ to ‘FF’ (0 to 255).
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Table 63 — Write command

Preamble Delimiter COMMAND ID ADDRESS BYTE_DATA CRC

8 bits 64 bits 8 bits 8 bits 16 bits

Table 64 — WRITE response in the case of unlocked memory

Preamble ACKNOWLEDGE CRC

5.2.3.6.2
Commar
On recei
ID is eq
informati
that one
case th3g
specified
In all oth

Executin
means th

BYTE_M
ADDRES
[ADDR+
[ADDR+

[ADDR+

8 bits 16 bits

Table 65 — WRITE response in the case of locked memory

Preamble ERROR CRC

8 bits 16 bits

5.6 WRITE4BYTE
d code = 1B’

ving the WRITE4BYTE command, the tag shall compare the sent ID with its UID. In the case that th
hal to the UID, the tag shall from any state move to the DATA EXCHANGE state, read the log
bn for the 4 bytes on the specified memory content-béginning at the specified address. In the cas|
of the bytes specified by the BYTE_MASK is locked, it shall send back the ERROR response. In th
t all bytes are unlocked, it shall send back thee ACKNOWLEDGE and program the data into th
memory.

(OIS

br cases the tag will not send any reply.

g WRITE4BYTE a tags shall only write those bytes that are selected by the BYTE_MASK, which
at write could be done to 1 to 4 bytes (using the mask bits in the BYTE_MASK field).

ASK of the command

S bit of BYTE_MASK"o select whether byte should be written
)] BY7

] B6

] «B5

[ADDR+3—B+#

In the ca
it.

se that the write access was successful, the tag shall set the WRITE_OK bit. Otherwise it shall reset

The address is numbered from ‘00’ to ‘FF’ (0 to 255). The starting address for the WRITE4BYTE command
must be on a 4-byte page boundary.

42
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Preamble Delimiter COMMAND ID ADDRESS BYTE_MASK 4BYTEDATA

CRC

8 bits 64 bits 8 bits 8 bits 32 bits

16 bits

Table 67 — WRITE4BYTE response in the case of unlocked memory

Preamble ACKNOWLEDGE CRC

8 bits 16 bits

Table 68 — WRITE4BYTE response in the case that of locked memory

Preamble ERROR CRC

8 bits 16 bits

52.3.6.2.5.7 LOCK
Gommand code = ‘OF’

n receiving a LOCK command, a tag which is in the DATA_EXCHANGE state shall read its
ompare it with the ID sent by the interrogator. In the casethat the UID is equal to ID, the ADDRESS
he valid address range and the byte at ADDRESS~i§’ marked lockable, then the tag shall send
CKNOWLEDGE and program the lock bit of the specified memory address.

- =N}

In all other cases the tag shall not send a reply}

In the case that the write access was successful, the tag shall set the WRITE_OK bit. Otherwise it s
it

—

he address is numbered from {Q0-to ‘FF’ (0 to 255).

Table 69 — LOCK command

Preamble Delimiter COMMAND ID ADDRESS CRC

8 bits 64 bits 8 bits 16 bits

Table 70 — LOCK response in the case that locking was possible and performed

UID and
is within
back the

hall reset

Preamble ACKNOWLEDGE CRC

8 bits 16 bits

5.2.3.6.2.5.8 QUERY_LOCK

Command code = ‘11’

On receiving a QUERY_LOCK command, a tag shall read its UID and compare it with the ID sent by the

interrogator. In the case that the UID is equal to ID, the ADDRESS is within the valid address range,

then the

tag shall move into the DATA_EXCHANGE state. Further, the tag shall read the lock bit for the memory byte

© ISO/IEC 2008 — All rights reserved
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at ADDRESS. In the case that this memory is not locked, then it shall response ACKNOWLEDGE_OK if
WRITE_OK is set and ACKNOWLEDGE_NOK if WRITE_OK is cleared. In the case that this memory is
locked, then it shall respond ERROR_OK if WRITE_OK is set and ERROR_NOK if WRITE_OK is cleared.
Further, the tag shall mark the byte of ADDESS lockable unless it is already locked.

In all other cases the tag shall not send a reply.

The address is numbered from ‘00’ to ‘FF’ (0 to 255).

Fabte t—QUERYtLOCKcommand—————

Preamble Delimiter COMMAND ID ADDRESS CRC

8 bits 64 bits 8 bits 16 bits

Table 72 — QUERY_LOCK response if memory address is not locked and WRITE_OK is set

Preamble ACKNOWLEDGE_OK CRC
8 bits 16 bits

Tablg 73 — QUERY_LOCK response if memory address is notjlocked and WRITE_OK is cleared

Preamble ACKNOWLEDGE_NOK CRC

8 bits 16 bits

Table 74 — QUERY_LOCK response if memory address is locked and WRITE_OK is set

Preamble ERROR_OK CRC

8 bits 16 bits

Taple 75 — QUERY_LOCK response if memory address is locked and WRITE_OK is cleared

Preamble ERROR_NOK CRC

8 bits 16 bits

5.2.3.6.205.9. \"WRITE_MULTIPLE

[¥aY =]

Commard—code="6F

Write Multiple commands are used to write to and to verify multiple tags in parallel.

On receiving the WRITE_MULTIPLE command, a tag which is in the ID state or the DATA_EXCHANGE state
shall read the lock information for the byte on the specified memory content beginning at the specified address.
In the case that the memory is locked, it shall do nothing. In the case that unlocked, it shall program the data
into the specified memory.

The tag shall not any response.
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In the case that the write access was successful, the tag shall set the WRITE_OK bit. Otherwise it shall reset

it.
The address is numbered from ‘00’ to ‘FF’ (0 to 255).

Table 76 — WRITE_MULTIPLE command

Preamble Delimiter COMMAND ADDRESS BYTE_DATA CRC

8 bits 8 bits 8 bits 16 bits

§5.2.3.6.2.5.10 WRITE4BYTE_MULTIPLE

Gommand code = ‘1C’

=

Vrite Multiple commands are used to write to and to verify multiple tags in parallel.
On receiving the WRITE4BYTE_MULTIPLE command, a tag which\<s in the ID state
DATA_EXCHANGE state shall read the lock information for the 4 byteS on the specified memory
beginning at the specified address. In the case that one of byte of the 4-byte block is locked, it shall d
I the case that all bytes are unlocked, it shall program the data into the specified memory.

Tlhe tag shall not any response.

Hxecuting WRITE4BYTE a tags shall only write those bytes that are selected by the BYTE_MAS
means that write could be done to 1 to 4 bytes (using the miask bits in the BYTE_MASK field).

HYTE_MASK of the command WRITE4BYTE_MULTIPLE.

ADDRESS bit of BYTE_MASK to select whether byte should be written
[ADDR+0] B7

[ADDR+1] B6

[ADDR+2] B5

[ADDR+3] B4

In the case that the-write access was successful, the tag shall set the WRITE_OK bit. Otherwise it s
it

Tlhe address)'is numbered from ‘00’ to ‘FF’ (0 to 255). The starting address for the WRITE4BYTE g
must beton a 4-byte page boundary.

or the
content
b nothing.

K, which

hall reset

ommand

Table 77 — WRITE4BYTE _MULTIPLE command

Preamble Delimiter COMMAND ADDRESS BYTE_MASK 4BYTEDATA CRC

8 bits 8 bits 8 bits 32 bits 16 bits

5.2.3.6.2.6 Response description (Binary Tree Protocol Type)

5.2.3.6.2.6.1 ACKNOWLEDGE

ACKNOWLEDGE indicates a successful acceptance of the WRITE or LOCK.

© ISO/IEC 2008 — All rights reserved

45


https://standardsiso.com/api/?name=8b1988c00d0aacbf5224d837d09bb46a

ISO/IEC 18000-4:2008(E)

5.2.3.6.2

ERROR

5.2.3.6.2

.6.2 ERROR

indicates an error in the WRITE. E.g. a write to locked memory area.

.6.3 ACKNOWLEDGE_OK

ACKNOWLEDGE_OK is the response to a QUERY_LOCK and indicates an unlocked memory byte and a
successful preceding write command.

5.2.3.6.2

ACKNOV
unsucce

5.2.3.6.2

ERROR}|
precedin

5.2.3.6.2

ERROR}|
precedin

5.2.3.6.2

WORD_

5.2.3.6.2

ID is 8
RESENL

5.2.3.6.2

BYTE_D|

5.2.3.6.2

4BYTED|

READ_MERIFY4BYTE:

5.2.3.7

VLEDGE_NOK is the response to a QUERY_LOCK and indicates an unlocked memory byte.@nd a
ssful preceding write command.

-

6.5 ERROR_OK

|OK is the response to a QUERY_LOCK and indicates a locked memory byte*and a successfll
j write command.

6.6 ERROR_NOK

[NOK is the response to a QUERY_LOCK and indicates as locked memory byte and an unsuccessfil
j write command.

6.7 WORD_DATA

DATA is 8 bytes returned in response to a READ, or DATA_READ command.

6.8 ID

bytes returned in response to a GROUP_SELECT, GROUP_UNSELECT, FAIL, SUCCESS q

=

6.9 BYTE_DATA

ATA is 1 byte returned in response to the READ_VERIFY command.

6.10 4BYTEDATA

ATA are 4 bytesyused as argument for commands WRITE4BYTE, WRITE4BYTE_MULTIPLE and

TransmiSsion errors

There ae(iwo types of transmission errors: modulation coding errors (detectable per bit) and CRC errofs
(detectaﬁewmwmmmmﬂmﬁﬂm.—q

For all CRC errors, the tag returns to the ready state.

For all coding errors, the tag returns to the READY state if a valid start delimiter had been detected. Otherwise
it maintains its current state.

46
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5.3 MODE 2: Long range high data rate RFID system

2008(E)

This clause describes a RFID system, offering a gross data rate up to 384 kbit/s at the air interface in case of
Read/Write (R/W) tag. In case of Read Only (R/O) tag the data rate is 76,8 kbit/s. By using of battery powered
tags such a system is well designed for long-range RFID applications. This air interface description does not
explicit claim for battery assistance in the tag.

5.3.1 MODE 2: Physical and media access control (MAC) parameters
53— MODE 2 interrogator to tag Hink
Table 78 — Parameter Table for the Forward Link (Interrogator to Tag Link)
Ref. Parameter name Description

M2-Int:1 Operating Frequency 2400 -2483,5 MHz
Range

M2-Int:1a Default Operating Reference carrier: according to (2931+m)*fcy, where foy = 8[19,2 kHz,
Frequency and m is a channel number from 0\t0v99, variable determined by each

country’s regulatory authority in which' the system is being operated.
Communication carrier: according to (2944+n)*fcy, wherg foy =
819,2kHz, and n is a channel number from -13 to 86,| variable
determined by each country’s regulatory authority in which the gystem is
being operated.

The reference and, the communication carrier frequency diff¢rence is
fixed to fcy*13%\10,6496 MHz.

M2-Int:1b Operating Channels Reference\cartier: according to (2931+m)*fcy, where fcy = 8[19,2 kHz,
(For Spread Spectrum and m is a-channel number from 0 to 99, variable determined by each
systems) country’s regulatory authority in which the system is being operaged.

Communication carrier: according to (2944+n)*fcy, wherg foy =
819,2kHz, and n is a channel number from -13 to 86,| variable
determined by each country’s regulatory authority in which the gystem is
being operated.

The reference and the communication carrier frequency diff¢rence is
fixed to fcy*13 = 10,6496 MHz.

M2-Int:1c Operating Frequency Maximum tolerance is +200 ppm, however local tolerance may apply in
Accuracy, case required by local regulations.

M2-Int:1d Frequency Hop Rate The hop rate is variable determined by each country’s regulatory
(fér-krequency Hopping authority in which the system is being operated.

[FHSS] systems)

M2-Int:1e Frequency Hop Sequences |Adaptive, not fixed but in conformance with the requirements defined by
(for Frequency Hopping the country’s regulatory authority within which the system is operated.
[FHSS] systems)

M2-Int:2 Occupied Channel 1 MHz
Bandwidth

M2-Int:2a Minimum Receiver 2400 -2 483,5 MHz
Bandwidth

M2-Int:3 Interrogator Transmit In accordance to local regulations.

Maximum EIRP
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Table 78 (continued)

Ref. Parameter name Description
M2-Int:4 Interrogator Transmit The interrogator shall transmit in conformance with spurious emissions
Spurious Emissions requirements defined by the country’s regulatory authority within which
the system is operated.
M2-Int:4a Interrogator Transmit The interrogator shall transmit in conformance with spurious emissions
Spurious Emissions, In- requirements defined by the country’s regulatory authority within which
Band the system is operated.
(fr\r Qproad onr\fn [Taa)
systems)
M2-Int:4H Interrogator Transmit The interrogator shall transmit in conformance with spurious emission$
Spurious Emissions, Out of |requirements defined by the country’s regulatory authority within” whick
Band the system is operated.
M2-Int:5 Interrogator Transmitter Communication carrier: GMSK with BT=0,5
Spectrum Mask Reference carrier: CW
M2-Int:6 Timing
M2-Int:64 Transmit to Receive Turn 520,8 us
Around Time
M2-Int:6H Receive to Transmit Turn 520,8 us
Around Time
M2-Int:64 Dwell Time or Interrogator | Not applicable (only relevantforsystems with amplitude modulation in the
Transmit Power On Ramp [forward link)
M2-Int:64 Decay Time or Interrogator | Not applicable (only relevant for systems with amplitude modulation in the
Transmit Power Down forward link)
Ramp
M2-Int:7 Modulation Communication carrier: GMSK @ BT=0,5
Reference earrier: CW
M2-Int:74 Spreading Sequence Not applicable
(for Direct Sequence
Spread Spectrum [DSSS]
systems)
M2-Int: 74 Chip Rate Not applicable
(for Spread Spectrum
systems)
M2-Int:74 Chip Rate Acturacy Not applicable
(for Spread_Spectrum
systems)
M2-Int: 74 Modulation Index Not applicable
M2-Int:7¢ Duty Cycle Not applicable
M2-Int: 71 FM Deviation Less than 200 kHz
M2-Int:8 Data f‘nding Saource r\nding: no-
Channel coding: shortened Fire codes
Line coding: no.
M2-Int:9 Bit Rate 384 kbit/s
M2-Int:9a Bit Rate Accuracy =200 ppm
M2-Int:10 Interrogator Transmit Not applicable

Modulation Accuracy
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Table 78 (continued)

Ref. Parameter name Description

M2-Int:11 Preamble Fix length of blocks

M2-Int:11a Preamble Length Depend on the physical channel.

M2-Int:11b Preamble Waveform Same as the normal part of the burst.

M2-Int:11c Bit Sync Sequence Part of preamble.

N2 1nt-11d Erame. Q‘\Ilnr\ Qoqnanr\o Not applir\ahlo

M2-Int:12 Scrambling Not applicable.

(for Spread Spectrum
systems)

M2-Int:13 Bit Transmission Order MSB transmitted first.

V2-Int:14 Wake-up process Self synchronised, time controlled without\radiated communication

carrier.

M2-Int:15 Polarization Circular or linear.

5.3.1.2 MODE 2: Tag to interrogator link
Table 79 — Parameter Table for the Return.Link (Tag to Interrogator)
Ref. Parameter name Description

M2-Tag:1 Operating Frequency 2400 - 2 483;5 MHz
Range

M2-Tag:1a Default Operating Communication carrier from interrogator (tag only backscatter): rIccording
Frequency to (2931+n)*fc, where fch = 819,2 kHz, and n is a channel number from

0/to 99, variable determined by each country’s regulatory authority in
which the system is being operated.

M2-Tag:1b Operating Channels Communication carrier from interrogator (tag only backscatter):rIccording
(For Spread Spectrum to (2931+n)*fcH, where fcy = 819,2 kHz, and n is a channel number from
systems) 0 to 99, variable determined by each country’s regulatory aythority in

which the system is being operated.

M2-Tag:1c Operating Frequency + 200 ppm maximum (same as the interrogator: due to back scaftering)
Accuracy

M2-Tag:1d Erequency Hop Rate Not applicable (Tag is back scattering)

(FEor Frequency Hopping
[FHSS] systems)

M2-Tag:1e Frequency Hop Sequence | Not applicable (Tag is back scattering)
(For Frequency Hopping
[FHSS] systems)

M2Tag:2 Oeeupied-Chanrnel M=
Bandwidth

M2-Tag:3 Transmit Maximum EIRP Depending on the interrogator’s reference carrier transmit power and

propagation environment because tag is passive.

M2-Tag:4 Transmit Spurious The tag shall transmit (backscatter) in conformance with spurious
Emissions emissions requirements defined by the country’s regulatory authority

within which the system is operated.
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Table 79 (continued)

Ref. Parameter name Description
M2-Tag:4a Transmit Spurious The tag shall transmit (backscatter) in conformance with spurious
Emissions, In-Band emissions requirements defined by the country’s regulatory authority
(for Spread Spectrum within which the system is operated.
systems)
M2-Tag:4b Transmit Spurious The tag shall transmit (backscatter) in conformance with spurious
Emissions, Out of Band emissions requirements defined by the country’s regulatory authority
within-which-the-systerm-is-operated- 1
M2-Tag:§ Transmit Spectrum Mask R/W-tag: BPSK modulation with 384 kbit/s + Manchester codintl;
R/O-tag: 76,8 kbit/s + Sub carrier coding + BPSK or OOK modulatien
M2-Tag:$a Transmit to Receive Turn 520,8 ps
Around Time
M2-Tag:¢b Receive to Transmit Turn 520,8 us
Around Time
M2-Tag:¢c Dwell Time or Transmit Not applicable (only relevant for systems with amplitude modulation in th¢
Power On Ramp forward link)
M2-Tag:6d Decay Time or Transmit Not applicable (only relevant for systems.with amplitude modulation in th¢
Power Down Ramp forward link)
M2-Tag:} Modulation Notification:
R/W-tag: sub carrier data coding/ differential BPSK
R/O-tag: sub carrier data ceding, differential BPSK or OOK
Communication (only for\R/W-tag): Manchester data coding, differential
BPSK
M2-Tag:Ta Spreading Sequence Not applicable
(for Direct Sequence
Spread Spectrum [DSSS]
systems)
M2-Tag:Tb Chip Rate Not applicable
(for Spread Spectrum
systems)
M2-Tag:Tc Chip Rate Accuracy Not applicable
(for Spread Spectrum
systems)
M2-Tag:1d On-Off Ratio R/W tag: Not applicable
R/O tag: Not applicable in case of BPSK modulation
Min. 15dB in case of OOK modulation
M2-Tag:Te Sub-catrier Frequency Notification: 153,6 kHz.
Communication: 384 kHz.
M2-Tag:Tf Sub-carrier Frequency Notification: + 300 ppm maximum
Accuracy Communication: £ 200 ppm maximum
M2-Tag:' g Suh-Carrier Modulation Notification: R/\N-tag' DBPSK
R/O-Tag: DBPSK or OOK
Communication: DBPSK
M2-Tag:7h Duty Cycle Not applicable
M2-Tag:7i FM Deviation Not applicable
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Table 79 (continued)

Ref. Parameter name Description

M2-Tag:8 Data Coding Source coding: no
Channel coding: shortened Fire codes

Line coding: Manchester (communication) and twofold Manchester
(notification).

M2-Tag:9 Bit Rate Notification: 76,8 kbit/s

Communication: 384 kbit/s

M2-Tag:9a Bit Rate Accuracy Notification: + 300 ppm maximum
Communication: + 200 ppm maximum

M2-Tag:10 Tag Transmit Modulation Not applicable
Accuracy (for Frequency
Hopping [FHSS] systems)

M2-Tag:11 Preamble Fix length of blocks
M2-Tag:11a Preamble Length Depend on the physical channel.
M2-Tag:11b Preamble Waveform Same as the normal part of the burst.
M2-Tag:11c Bit Sync Sequence Part of preamble
M2-Tag:11d Frame Sync Sequence Not applicable
M2-Tag:12 Scrambling No scrambling is applied.
(for Spread Spectrum
systems)
M2-Tag:13 Bit Transmission Order MSB transmitted first.
M2-Tag:14 Reserved
M2-Tag:15 Polarization Circular or linear
M2-Tag:16 Minimum Tag Receiver Same as the operating frequency range as far as the RF-Handwidth
Bandwidth involved.

© ISO/IEC 2008 — All rights reserved 51


https://standardsiso.com/api/?name=8b1988c00d0aacbf5224d837d09bb46a

ISO/IEC 18000-4:2008(E)

5.3.1.3 MODE 2: Protocol parameters
Table 80 — Protocol parameters
Ref. Parameter name Description
M2-P:1 Who talks first Tags Talks First
M2-P:2 Tag addressing capability [Yes, tag can be addressed individually.
M2-P:3 Tag UID Proprietary UID used, based on the used protocol
M2-P:3a UID Length 32 Bit (can be extended in case of R/O-tag)
M2-P:3b UID Format Refer to Annex C
M2-P:4 Read size Maximum 108 octets frame size, but fragmentation support give$
unlimited read size
M2-P:5 Write size Maximum 144 octets frame size, but fragmentation” support give$
unlimited read size
M2-P:6 Read Transaction Time RW-tag: 7,3 ms
R/O-tag: less then 15m (depends on the configuration)
M2-P:7 Write Transaction Time 7,3 ms (only for R/W-tag)
M2-P:8 Error detection Different types of CRCs for detection-are used (see clause 5.3.5.1)
M2-P:9 Error correction Different types of Fire CodesA0r correction are used (see clause 5.3.5.1)
M2-P:10 Memory size R/W-tag: 2 kbytes up to 256-kbytes
R/O-tag: min 32 bits extendable up to 160 bits or more (depending on
using the proprietary Up link channel and the tag-data read channel)
M2-P:11 Command structure and 8 commands are\defined, up to 29 commands are possible
extensibility
5.3.1.4 | MODE 2: Anticollision parameters
Table'81 — Anticollision parameters
Ref. Parameter name Description
M2-A:1 Type Up to 64 tags deterministic
(Probabilistic ©r
Deterministic)
M2-A:2 Linearity Non-linear
M2-A:3 Tag,inventory capacity Depends on settings during system installation (i.e. duty cycle of tag
wake-up procedure and sleep time). The capacity is designed for securg
communication with a small numbers of tags, but deterministic.

5.3.2 Modulation and coding

General: To avoid transmissions errors in case of data word 0 (data bits 0 have also CRC bits 0) on the air
interface every transmitted data word from the interrogator shall be multiplied byte by byte with BO9hex. This
operation is done by a simple XOR. To minimise the hardware in the tag and to get the original data out of the
tag the same operation shall also be used in the interrogator after receiving data from a tag.
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Table 82 — Muiltiplication word

Multiplication word (8 bits)

2008(E)

B7 B6 B5 B4 B3 B2 B1 BO
1 0 1 1 1 0 0 1
NOTE At tag manufacturing every data stored in the tag shall be pre-processed by that operation (this applies also

for R/O-tags).

.3.2.1 Forward link (only for R/W-tag)

he forward link modulation and coding format can be seen in Figure 13. Two carriers, a\CW carr
MSK modulated carrier shall be transmitted at the same time to the tag. This minimises.the hardwa|
tag, because the local oscillator for the down converter on the tag is generated in the.interrogator.

Scramble Word IF Difference

er and a
e on the

Figure 13 — Forward link modulation and coding

5.3.2.2 Return’link for notification (for both types of the tag)

Tlhe returh.link modulation and coding format during the notification can be seen in Figure 14.

_>
Scrambled Source Bit
XOR
Source Bit
Dual Carrier:
o Frequency
CwW communication
carrier, carrier
1/384kHz
Gauss pulse shaping NOSNW frequency deviation
%
| g |
GMS
Max. deviation:1/4*Tbit modulator moduflated
(MSK) comnjunication
carrigfr
| ug" | Mﬂegative frequency deviation
Scrambled Source Bit pulse shaping
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. ) Delay=bit_period
Channel coded Differencial encoded

source bits Delay
Bitgenerator XOR
1/76,8kHz
subcarrier modulation pulse shaping 5
-
] nq [ |
BPSK baekscattered
modulator —— meodulated
or OOK carrier

| "o | SIW) | pulse shaping

Differptial encoded bits

Figure 14 — Return link modulation and coding during netification

5.3.2.3 | Return link for communication (only for R/W-tag)
The retufn link modulation and coding format during the communication can be seen in Figure 15.

Delay=bit iod
Channel coded Differencial encoded clay=bll_perio

source bits Delay
Bitgénerator T XOR
/384kHz
manchester cading L pulse shaping
] wq | -
BPSK backscattered
modulator modulated
carrier

| | manchester coding pulse shaping
|10|| z

Differntlal encoded bits

Figure 15 — Return link modulation and coding during communication
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5.3.3 General system description
The system shall consist of an interrogator and at least one of 3 types of tags:
¢ A R/W-tag having read capability from and write capability to the tag.
o A R/O-tag behaving the same as a R/W-tag but only read capability from the tag.

e A special version of the R/O-tag with a short notification channel N-CH being useful in high-speed
nlnlnlir‘nfinne

ixed operation with different types of tags at the same time shall be possible. The interrogator-shall operate
least with normal R/O-tags.

0 be able to operate all tag types a TTF concept shall be used. Therefore all tags shalDbackscatter a fixed
quence (notification sequence) starting with synchronisation information and_the” tag data (including
serTaglD, MfrTaglD and MemorylD) to establish a communication. Depending’on the content of the
nchronisation information the interrogator shall evaluate the tag type. The total Jength of the sequgnce may
fixed or is depending on the MemoryID.

he repetition time may be set over the air interface individually according’to application parameters like tag
eed, tag identification rate or total amount of tags in the field of thé.interrogator. Anticollision is|done by
randomising the repetition time. Individual tags shall backscatter theip sequence at an average repetjtion time
ut randomised (i.e. duty cycle of tag wake-up procedure and sleep time is random).

or the forward link of R/W tags two carriers are necessary, one modulated by GMSK (BT=0,5), the other
rrier is CW. For the return link, the tag uses backscattérrmodulation of the communication carrier. Thus, the
stem uses two carriers of constant frequency difference. In case of R/O-tag there is only onge carrier
cessary. However, while the difference remains fixed, the two carriers may hop in the allowed ffequency
nd during the communication takes place t@*reduce the impact of in-band interference or] system
rformance. The hopping is governed by power measurements in free frequency channels [between
mmunication periods, and may also be usedto conform to regulatory requirements.

oth the interrogator and the tag operate during small time intervals only when idle, the former|to avoid
imterference for neighbouring RFID™ systems, and the latter to reduce power consumption. In thgse short
erlapping wake-up periods, the‘interrogator listens if a tag modulates the transmitted reference cdrrier with
notification sequence. If this«is\the case, the interrogator initiates the notification procedure by synchronising
to the individual tag’s signal!After the notification procedure is completed, and the interrogator accepis the tag,
the system enters the communication mode to perform exchange of data. To do so, and to enable dr sustain
mmunication with additional tags in the identification field, the interrogator is forced to synchron|se to an
rriving tag before the.end of the notification mode. After completing the notification the interrogator tyrns back
tp the communication mode and continuous the existing transmission between the interrogator and tpgs. This
llows the interfogator to organise all R/W-tags in the field in a time frame structure for subsequent sgrvice. All
tag information* from a R/O-tag shall be completely read out during the notification process. No gdditional
mmunication is necessary. Generally, the communication between interrogator and tag is based|on Time
ivision,_Duplexing/Time Division Multiplexing (TDD/TDM). The interrogator time multiplexes commupications
tween an interrogator and several tags (TDM). The information exchange between interrogator and tag is
sed on time division multiplexing (TDD). Hence, data transmission is performed in time slots. Up fo 64 sub
frames, each consisting of 14 time slots, are combined to a frame. The number of sub frames actually used is
fixed at system installation, but may be changed on maintenance occasions. During communication between
tag and interrogator, a sub frame is assigned permanently and exclusively to a tag.

5.3.4 Frame structure

5.3.4.1 Hierarchical structure
The Protocol is frame-based. Each frame contains 1 to 64 sub frames and each sub frame contains 14 slots

(see Figure 16). Each slot can be used for transmitting either 200 bits at a data rate of 384 kbit/s, or 40 bits at
a data rate of 76,8 kbit/s. The length of a sub frame is consequently (1/384 kHz)*200*14 = 7,29 ms.
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The length of a frame is SW-configurable and ranges from one sub frame (approx. 7,3 ms) to 64 sub frames
(approx. 466,6 ms). This configuration is made by installation. It is possible to reconfigure this structure, but a
dynamical reconfiguration during the operation is not possible. In the case of a forward link, there is no guard
time between the slots. In the case of a return link, protection bits are inserted between the slots. The number
of protection bits depends on the physical channel type.

The communication between interrogator and tag is based on Time Division Duplexing/Time Division
Multiplexing (TDD/TDM). The interrogator time-multiplexes the communication between an interrogator and
several tags. The information exchange between interrogator and tag is based on time division multiplexing.
While the communication is going on, a sub frame is assigned permanently to a tag. It is not possible to
assign a|sub frame to more than one tag.

The same frame structure is being used for communication and spectrum check channels. For a natificati
channel,|the frame structure is adapted to that of the service requesting tag, for as long as it takés until th
notificatipn channel is terminated. Once the notification channel is terminated, the original frame\structure
the interjogator shall be re-established.

=

Tframe =(1 - 64)*Tsubframe

| Subframe 0 ‘ $ ‘ Subfrafien | Frame

| &

Tsubframe =14*Tslot

< >

| slto | $ | Slot 13 | Subframe
_ Tslot=(1/384kHz)*200 = 520.8ps |
| 200 Bit with 384 kbps or 40 Bit with 76.8 kbips | Slot

Figure 16 — Frame structure

5.3.4.2 | Logical channels

Definition: Logical channels are the assignments between sub frames and the tasks to be performed and are
controlled by the interrogator. There are three main groups of logical channels:

e Notification channel (N-CH)

e Communication channel(C-CH)

e $pectrum check'chiannel (SC-CH).
Logical ¢hannels centain physical channels, which are explained in the following clauses. It is possible f
chain logical channels, enabling the transmission of a super ordinate access to several frames at once (e.g
write 2kBytes).”Such a chain shall always start with a notification channel and end with a communicatio

channel (in-the case of R/W-tag). The last logical channel has to transmit an End of Communication (EO(C
signal onthe physicallevel.

[®]

_ D -

In case of R/O-tag the whole information transmission from tag to interrogator shall take place in the
notification channel. There is no communication channel to be built up. A spectrum check channel may or may
not be used.

5.3.4.2.1 Notification channel (for both types of tags): N-CH

Function: On the notification channel, a new tag is inserted into the interrogator slot structure to carry out the
bi-directional communication if it is a R/W-tag (see Figure 17), or all the information shall be read out from the
tag if it is a R/O-tag (see Figure 18 and Figure 19). The notification channel shall be started at least in slotO if
a tag slot structure is detected. If neither communication nor spectrum check channel are used the notification
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channel can be started in every slot. The notification channel is terminated when the tag reads the first
command in case of R/W-tag, or after all information is read out from an R/O-tag. The first command is
transmitted in the sub frame assigned to and reserved for the communication channel.

Notification shall be cancelled if:

e The retrieved TaglID is black listed (e.g. the interrogator does not want to communicate with the tag).

e The retrieved TagID contains errors (non-correctable CRC errors). The information on the logical
confirmation channel contains errors (non-correctable CRC errors)

e The first command is not read and interpreted correctly by an R/W-tag (non-correctable.CRC errors).
In that case the interrogator does not get a response from this tag.

o All the sub frames are fully assigned (no command shall be transmitted).

5.3.4.2.2 Communication channel (only for R/W-tag): C-CH

Runction: The communication channel is the medium where the read and.wfite access operations |between
imterrogator and tag are carried out (see Figure 20). Once the connection(is)set up, it is also possiblelto query
t}e TaglID. This channel shall be started after tag reads the first command and shall be terminafed when
imterrogator sets the EOC (End of Communication) signal.

5.3.4.2.3 Spectrum check channel: SC-CH

Runction: The spectrum check channel shall be used for ‘'searching free frequency channels (see igure 19
nd Figure 20). This channel may be activated if no notification or communication channel is being operated.

Q

5.3.4.2.4 Priorities between the various logical channels

q) The first command is transmitted on the communication channel (same as termination of a notificatjon)

Table 83 — Priorities when the first command is transmitted on the communication channels

Channel Priority
Notification 2
Communication 1
Spectrum Check 3

—

his implies that-a started notification shall be terminated before a new one can be started.

b)) The first command is not transmitted on the communication channel

Table 84 — Priorities when the first command is not transmitted on the communication chaphnels

Channel Priority
Notification 1
Communication 2
Spectrum Check 3

This means that a notification shall interrupt the processing of the other two channels, unless it is the first
command that is being transmitted on the communication channel (see a) above). In that case, an ARQ shall
be initiated for the interrupted communication channel. Spectrum checks can be carried out only in an empty
sub frame.
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Frame structure for the notification channel in case of an R/W-tag

5.3.4.2.5
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Figure 17 — Frame structure of the notification channel in case of an R/W-tag
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Frame structure for the notification channel in case of an R/O-tag

5.3.4.2.6
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Figure 18 — Frame structure of the notification channel in case of an R/O-tag
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Figure 20 — Frame structure of the communication and spectrum check channels
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5.3.4.3

Physical channels

Definition: Physical channels are the assignments between slots and modulation and coding procedures. As
mentioned before the logical channels can contain physical channels. Table 85 shows the structure of the
logical and the physical channels.

Table 85 — Logical and physical channels

Logical channel

MIN-CH (return link)

Logical channel Physical channel Function
groups
Tag Slot identification channel: | Tag Slot identification channel: |Tag sends in this channgl
S-CH (return link) S-CH (return link) synchronisation information, that
could be read by intefrogatop
during search slot (e.gvslot0).
TaglD read channel part 1: This channel is-used to transmit
MID1-CH (return link) the first part afithe 32-bit TagID.
TaglD read channel part 2: This channel is used to transmit
MID2-CH (return link) the se€cond part of the 32-bit
TaglID read channel: TaglD:
MID-CH (return link) TagID read channel part 1: This channel is used to transmit
MID3-CH (return link) the first part of the 32-bit TagID.
TaglD read channel part 2; This channel is used to transmit
MID4-CH (return link) the second part of the 32-bit
TaglID.
TagData read channel: This channel is used to transmit
MIN1-CH (return link) the first part of the 32-bit tag
data.
TagDataread channel: This channel is used to transmit
Notificatibn channel MIN2:CH (return link) the second part of the 32-bit tag
N-CH TagData read channel: data.

TagData read channel:
MIN3-CH (return link)

This channel is used to transmit
the first part of the second 32-bit
tag data.

TagData read channel:
MIN4-CH (return link)

This channel is used to transmit
the second part of the second
32-bit tag data.

Interrogator-lD'read channel:
SID-CH_(forward link)

Interrogator-ID read channel:

SID-CH (forward link)

This channel is used to transmit
the 10 bit long interrogator-IQ
and a 15-bit counter value to the
tag.

Reserved Function Forward
link channel:
RFD-CH (forward link)

Reserved Function Forward
link channel:
RFD-CH (forward link)

reserved for proprietary future
use.

Reserved Function Return link

naals

Reserved Function Return link

nnnnnnn

reserved for proprietary futurg

CHarmer

RFU-CH (return link)

CrarCrr

RFU-CH (return link)

IRT-9-N
oot

Interrogator Training Sequence

Type 1 channel: TS1-CH
(return link)

This channel is used only for
ease the implementation of the
hardware.
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Logical channel
groups

Logical channel

Physical channel

Function

Command Slot channel:
CS-CH (forward link)

Command Slot channel:
CS-CH (forward link)

This channel is used to transmit
following commands from the
interrogator to the tag:

e write

e longread

Communication
hannel
C-CH

e short read

e init
e wait
e (EOC

Read More than 84 Byte
channel: RM-CH (return link)

Read channel: R-CH (return
link)

On this)ichannel, up to 1P8 bytes
ean be transmitted in a gingle
sub frame from tag to
interrogator

Read Less or equal than 84
byte Channel: RL-CH (return
link)

Read channel: R-CH (return
link)

On this channel, a maximum of
84 bytes can be transmifted in a
single sub frame from tag to
interrogator.

Write channel:
W-CH (forward link)

Write channél:
W-CH (forward link)

On this channel, a max’i_:lnum of
144 bytes can be transnjitted in a
single sub frame from
interrogator to tag

Confirm Write channel:
CW-CH (return link)

Confirm Write channel:
CW-CH (return link)

Signals whether the trarfsmission
of data from interrogator to tag in
a given sub frame was ffee of

errors or not.

Interrogator Training Sequence
Type 2 channel:
TS2-CH (return link)

This channel is used only for
ease the implementation of the
hardware.

Command Slot Training
Sequence: TS3-CH (forward
link)

This channel is used only for
ease the implementation of the
hardware.

Bpectrum check

Speetrum check channel SC-

Spectrum check channel

The interrogator uses th|s

hannel SC-CH CH SC-CH channel to measure the [RSSI
values in the allowed frequency
band within the allowed
channels.
With ‘regard to slot assignment, the bits are assigned as follows: MSB to LSB: from left to right| MSB is

ansmitted first, then L SB

—

5.3.4.3.1 Tag Slot identification channel: S-CH (return link)

Function: During a slot identification channel (at minimum in slot0 of the interrogator), an interrogator shall
read the synchronisation information of a new tag (if there is a new tag in the field). The S-CH is structured in
such a way that the information required for synchronisation (time offset and time counters) is present twice in
one slot. For each S-CH there are two blocks which each take half a slot long. The two blocks differ only by
one increment of the time counter (the first block corresponds to the lower value). This ensures that this
information shall be available for evaluation for any time position between tag and interrogator slot structure.
For R/W-tags and for standard R/O-tags the time counter runs from 1 to 30, which means that 15 S-CH are
sent consecutively on the N-CH. This ensures that the information required for synchronisation shall be
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available in two subsequent slots0. In case of R/O-tags for high speed applications the counter values of the
two subsequent half slots are 31 followed by 0. For this type of applications the S-CH is not fixed to slot0. For
a graphical representation, refer to Figure 21. Additionally the correlator word is the same sequence for an
R/W-tag and for R/O-tags but inverted. Due to that fact the interrogator shall decide during the S-CH which
type of tag starts communication.

[ Slot 0 | Interrogator

=

offset determination

7//\\oounter n—1‘ //\\ counter n | //\\oounter n+1 ‘ //\\oounter n+2J TAG

not in Slot0 clock recovery used for not in Slot0
is not possible synchronisation

Figure 21 — S-CH position with regard to slot0

Data trarpsmission: return link with 76,8 kbit/s

Table 86 — Sub frame assignment for S-CH in case of standard applications

SO | S1|S2|S3|S4|S5|S6 |S7 | S8 | S9{S10|S11[S12|813

Table 87 — Sub frame assignment for S-CH in casg¢ of R/O applications or if no communication
or spectrum check channel is established

SO | S1|S2 | S3|S4 | S5 |xS6 | S7 | S8 | S9 |S10|S11(S12|813

Slot assignment for R/W-tag:

—

Inverted Jtime-reversed Barkersequence with a length of 13, which already contains the subsequence 010
(B19...B[16) for clock recovery~A parity bit is added after the 5 bit time counters.

Table 88 — Slot assignment for S-CH in case of R/W-tag

Correlator i
T'";e Parity | Tail
Clockrecovery counters
H19)B18 |B17 |B16|B15|B14 |B13|B12|B11|B10| B9 | B8 | B7 B6...B2 B1 BO
0 1 0 1 0 0 1 1 0 0 0 0 0 0

B6...B2: Time counters from 1 to 30.
Slot assignment for R/O-tag:

Time-reversed Barker sequence with a length of 13, which already contains the subsequence 0101 for clock
recovery (B18...B15). A parity bit is added after the 5 bit time counters.
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Table 89 — Slot assignment for S-CH in case of R/O-tag

2008(E)

Correlator

Clock recovery

Time counters | Parity

Tail

B19

B18

B17

B16

B15

B14

B13

B12

B11 | B10

B9

B8

B7

B6...B2 B1

BO

1

0

1

0

6...B2: Time counters from 1 to 30 for standard R/O-tags, 31.0 for R/O-tags for high-speed applicati

ns.

jwu]

-]

s IE= 0]

Position of half slot |

hannel coding: Not applicable

Table 90 — Second level cotrrelation scheme

1: supplements B6...B2 to achieve even number parity (identical for both tag types).

ecoding: by means of a correlator. The correlation is executed in two steps to(keep false ala
inimum. In the first step, only the bits in the correlator word (B19...B7) are includedin the correlatic
cond step, the remaining known bits in an interrogator slot (e.g. slot0) are included in the correlatio
H is half as long as slot0, therefore there are still known bits. The number_¢f known bits depends

the correlation peak was found in the first step. This implies that the second correlation word h
stablished dynamically, according to the Table 90. In the table only the-values for the R/W-tag can
he values for an R/O-tag are just simple inverted in the correlation field (in the field of the time
arker sequence).
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Dark Grey: Clock recovery
Boxed white: Bits with uncertainty

Light Grey: Correlator bits
Dashed boxed: Position of the correlation peak

P: Parity T: Tail

#N: Time counters
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5.3.4.3.2 TagID read channel: MIDx-CH (return link, for both tag types)
Function: This channel is used to transmit the 32-bit ID34, ....,IDg in two subsequent slots.
Data transmission: return link with 76,8 kbit/s

Sub frame assignment: not relevant, since MIDx-CH is a part of the notification channel. The position in the
sub frame is not synchronous with the interrogator frame structure.

Slot assignment: A time reversed Barker sequence with a length of 11 is used for clock and word recovery.

Table 91 — Slot assignment for MID1 (for both types of tags) /MID3 (only for R/O-tags)

Word synch.
27 bit TaglD Tail
Clogk recovery
B39 | B8 | B37 | B36 | B35 | B34 | B33 | B32 | B31 | B30 | B29 B28...B2 B1...BO
0 0 0 1 0 0 0 1 1 1 First part of TagID 1D34,.1... ID5 0

Table 92 — Slot assignment for MID2 (for both types of tags) /MiD4 (only for R/O-tags)

Word synch.
5bit.TaglD |CRC over 32 bits Tail
Clogk recovery
B39 | B8 | B37 | B36 | B35 | B34 | B33 | B32 | B31 | B30 | B29 B28...B24 B23...B2 B1...BO
0 0 0 1 0 0 0 1 1 1 Dy, ...., IDg CRC,y,...,CRCy 0

For a degcription of the memory mapping of the TaglD refer to Annex C.

Channel|coding: A shortened Fire code is used.for TaglD channel coding (54,32). After generation, the coded
54 bits (ID3q4, ...., IDg, CRCo24, ..., CRCp) are transmitted in slots MID1/MID3 and MID2/MID4 beginning with

the MSB{ID34. Generator polynomial:

gx)|= x22 + x17 + x13 + x9 + x* +1
The Chahnel Coding algorithm-is’as follows:
For Encqding:

) Initialize thecCRC accumulator to all zeros —0.....0h

e |Dividesin GF(2) the polynomial

|D'.11X53+ |D1mX52+...."'|DnX22

by the generator polynomial

x22 4+ x17 4 x13 4 x9 + x4 + 1,
obtain as remainder the polynomial
CRCyx21+...+CRCx0

e Attach the CRC bits (CRC»4, ..., CRCg) to the end of the TaglID bits (ID31, ...., IDg) and transmit the 54
codebits (ID31, ...., IDg, CRC»y4, ..., CRCg) MSB first
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For Decoding:
e Divide the code polynomial
ID31x53+ ... +IDgx22 +CRCo¢x21+ ...+CRCx0
pre-multiplied with a certain factor (to account for the shortened code)

by the generator polynomial

X22+X17+X13+X9+X4+ 1’
and use the remainder polynomial for error correction and error detection

5.3.4.3.3 TagData read channel: MINx-CH (return link, only for R/O-tag)

-

unction: This channel is used to transmit 64bits tag data in four subsequent slots. This can be|done by
ending two pairs of two consecutive slots.

o0

Data transmission: return link with 76,8 kbit/s

ub frame assignment. not relevant, since MINx-CH is a part of the-notification channel. The positipn in the
ub frame is not synchronous with the interrogator frame structure,

[@a)

(7))

§lot assignment: A time reversed Barker sequence with a length of 11 is used for clock and word recqvery.

Table 93 — Slot assignment for MIN1/MIN3

Word synch.
27 bit tag data Tail
Clock recovery
B39 | B38 | B37 | B36 | B35 | B34 | B33 | B32 | B31 | B30 | B29 B28...B2 B1...B0
0 1 0 0 1 0 0 0 1 1 1 First part of TagData 0
D34, .... D5

Table 94 — Slot assignment for MIN2/MIN4

Word synch.
5 bit tag data | CRC over 32 bits Tail
Clock recovery
B39 | B38 | B37% |)B36 | B35 | B34 | B33 | B32 | B31 | B30 | B29 B28...B24 B23...B2 B1...B0
0 1 Q 0 1 0 0 0 1 1 1 Dy, ...., Dg CRC,y,...,CRCy 0

TlagData bits: DATAG3...DATAO

Note: This bits can be used to extend the UserTaglD, or to store application related data in the tag.

Channel coding: For each pair of two consecutive slots transporting 32 data bits, a shortened Fire code is
used for tag data channel coding (54,32). After generation, the coded 54 bits (D31, ...., Dg, CRC»q, ..., CRCy)
are transmitted in slots MIN1/MIN3 and MIN2/MIN4 beginning with the MSB D34. Generator polynomial:

g(x):X22+X17+X13+X9+X4+1
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The Channel Coding algorithm is as follows:

For Encoding:

Initialize the CRC accumulator to all zeros —0.....0h

Divide in GF(2) the polynomial

D34 x93+ D30X52+ . .+D0X22

L
q

For Decq

5.3.4.3.4 Interrogator-ID read channel: SID-CH (forward link, only for R/W-tag)

Function|
The cou
commun

Data tran

Sub fram
frame is

by the generator polynomial

x22 + x17 + x13 4 x9 + x4 + 1,
obtain as remainder the polynomial
CRCyx21+...+CRCx0

\ttach the CRC bits (CRCoy4, ..., CRCq) to the end of the databits (D31, ..\»Dg) and transmit the 5¢4
odebits (D3, ..., Dg, CRCa1, ..., CRCg) MSB first

ding:

Divide the code polynomial

D31x93+ ....#+Dgx22 +CRCy4x21 +...+CRCx0

pre-multiplied with a certain factor (to account for the shortened code)
by the generator polynomial

x22 + x17 4+ x13 + x9 + x4 + 1,

and use the remainder polynomialMer error correction and error detection

This channel is used(to transmit the 10 bit long interrogator-ID and a 15-bit counter value to the tag.
hter value enablescommunication: it shows where the tag has to expect the first command on thie
cation channel,

smission: fopward link with 384kbit/s

e assignment: not relevant, since SID-CH is a part of the notification channel. The position in the sup
hot’'syhchronous with the interrogator frame structure.

Slot assignment: Only the first 112 bits out of 200 are assigned. The remaining 88 bits are not evaluated by

the tag.

For word synchronisation, a sequence (TSC1) with a length of 16 is used. The default correlator

threshold for word synchronisation is 13 (the value must exceed 13: two bit errors maximum).

Table 95 — Slot assignment for SID-CH part1

Level detector (20 bits) Wake-up and clock recovery (36 bits)
B199 | B198 | B197 [ B196 | ... | B182 | B181|B180 | B179 | B178 [ B177 | B176 | .... | B146 | B145| B144
0 1 0 1 1 0 1 0 1 0 1 1 0 1
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Table 96 — Slot assignment for SID-CH part2

Word synch.: 16 bit sequence TSC1 (16 bits)

B143

B142 | B141 | B140 | B139 | B138 | B137 | B136 | B135 | B134 | B133 | B132

B131 | B130

B129 | B128

0 1 1 1 0 0 0 0 1 0 0

Table 97 — Slot assignment for SID-CH part3

Interrogator-ID
(10 bits)

Counter value (15 bits) CRC over 25 bits (15 bits)

Not evaluated'by tLg

B127...B118 B117...B103 B102...B88

B87..:BO

D24,

D15 D14, Do CRC14,...,CRC0

Q0O

xo]

OTE

The sequence "0 1" is repeated for B195 — B183 and B175 — B147

g(x) = x15 +x10 + x9 + x8 + x + 1
he Channel Coding algorithm is as follows:

or Encoding:

Initialize the CRC accumulator to all zefos — 0.....0h

Divide in GF(2) the polynomial
Dogx39+ Do3x38+. .. . +Dgx12

by the generator polynomial
X15+X10+X9+X6+X+1,

obtain as remainder the polynomial

CRC44x™+... +CRCx?

Attach the CRC bits (CRC14, ..., CRCp) to the end of the databits (Dog4, ..

codebits (Doy, ..., Dg, CRC4, ..., CRCq) MSB first

or-Decoding:

hannel coding: A shortened Fire code is used for SID-CH channel ,coding (40,25). After generation, the
oded 40 bits (Dog, ...., Dg, CRC14, ..., CRCq) are transmitted beginning with the MSB Dy4. Generator
olynomial:

.., Do) and transnit the 40

Divide the code polynomial

Dogx39+ ... +Dgx15 +CRC14x14 ...+CRCx?

pre-multiplied with a certain factor (to account for the shortened code)
by the generator polynomial

X184 x10 + x9 + %6 + x + 1

and use the remainder polynomial for error correction and error detection
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5.3.4.3.5 Reserved function forward link channel: RFD-CH (forward link, only for R/W tags)

Function: reserved for proprietary future use.

5.3.4.3.6 Reserved function return link channel: RFU-CH (return link, for both types of tag)

Function: reserved for proprietary future use. The functionality can be different for the two tag types.

5.3.4.3.7 Interrogator training sequence type1 channel: TS1-CH (return link / without logical
channel

Function} This channel is used to ease the implementation of the hardware.

[oN

Data trafpsmission: return link with a data rate out of 200 to 400 kbit/s. An alternating series of 0.and 1 starte
with 0.This signal is not differentially pre-coded, with the exception of the last bit. The last bit has to b
differentiplly pre-coded to enable differential demodulation in the subsequent slot.

[¢]

Sub frame assignment: set up before the S-CH, MID-CH, and RFU-CH channels.
Slot assignment: Not relevant.

5.3.4.3.80 Command slot channel: CS-CH (forward link)

Functionf This channel is used to transmit the commands from the interrogator to the tag. The total amount
per slot is 200 bits, with a net data bit content of 120 bits. The remaining bits are used for clock recovery, word

synchrorfisation and for error protection.

Data tranpsmission: forward link with 384 kbit/s.

Table 98 — Sub frame assignment for. CS-CH in case of W-CH, RM-CH, MID-CH

S0 | St S2 S3 S4 S5.| 86 | S7 S8 S9 | 810 | S11 | S12 | S13

—

able 99 — Sub frame assignment for CS-CH in case of RL-CH

SO S1 S2 S3 S4 S5 S6 S7 S8 S9 | 810 | S11 | S12 | S13

Slot assignment: 12 bits-out of 200 are used for clock recovery. For word synchronisation, a sequence (TSC1
with a lepgth of 26-is\Used. The default correlator threshold for word synchronisation is 24 (The value must 24:
two bit efrors maximum). The remaining 162 bits are coded net data bits.

~

Table 100 — Slot assignment for CS-CH part1

Clock recovery (12 bits)

B199 | B198 (B197 | B196 [ B195 | B194 [ B193 | B192 [ B191 | B190 | B189 | B188

0 1 0 1 0 1 0 1 0 1 0 1
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Table 101 — Slot assignment for CS-CH part2

B187...B162: Word synch (TSC1) (26 bits)

01|01 ({0]|0O |1 {0 (1 |11 {000 ]|O |1 |0 (0O |O |1 |0 (O |1 |0 |1 [1 [1

Table 102 — Slot assignment for CS-CH part3

Command type EOC Interrogator frame TaqlD CRF protection over
(4 bits) (1 bit) (7 bits) (18 bits) (44 bits)
B161...B158 B157 B156...B150 B149...B132 B131...B88
ng, D26 D25 D24, D18 D17, Do CRC43,...,CRCO

Table 103 — Slot assignment for CS-CH part4

Start CRC protection over
Block length | Reserve address Reserve bits Reserve
B87.:Z. B58
(8 bits) (1 bit) (18 bits) (3 bits) (44 bits) (14 bits)
B87...B80 B79 B78...B61 B60...B58 B57...B14 B13...B0
D29, D22 D21 D20, D3 D2, DO CRC43,...,CRCO

Description of fields:

o

ommand type: refer to clauses 5.3.6.1 and 5:3.6.3.

BOC: End_Of_Communication (EOC) is'signalled with one bit in the command field.

-

nterrogator frame structure: indicates the number of sub frames contained in a frame.

TlagID: Only the ID31...ID14 fange shall be transmitted in the command slot.

lunl

Jock length: indicates how many bytes the transmitted block contains.

§tart address: indicates where the first byte in the transmitted block should be written or read to. B79

set to 0.

(hannel €oding: A shortened Fire code (74,30) is repeatedly used for coding the CS-CH data b
dgeneration, the coded 74 bits (Do, ...., Dg, CRCy43, ..., CRCy) are transmitted beginning with the N
Genérator polynomial (same as for R-CH):

shall be

its. After
1ISB Dyo.

g(x):x44+x30+x29+x15+x+1
The Channel Coding algorithm is as follows:
For Encoding:

e Initialize the CRC accumulator to all zeros —0.....0h

e Divide in GF(2) the polynomial

D29X73+ D28X72+ . .+D0X44
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by the generator polynomial

X44+X30+X29+X15+X+1

obtain as remainder the polynomial

CRC43X43+. . +CRC0XO

Attach the CRC bits (CRCy3, ..
74 codebits (Dog, ..... Dg. CRCy3. .... CRCq) MSB first

., CRCy) to the end of the databits (Dog, ...

., Dg) and transmit the

For Decq

5.3.4.3.9
Function|
200 bits
synchror

Data tran

Sub fram

ding:

Divide the code polynomial

D29X73+ ....+D0X44 '*'CRC43X43 ...+CRC0X0

pre-multiplied with a certain factor (to account for the shortened code)

by the generator polynomial

X44+X30+X29+X15+X+1

and use the remainder polynomial for error correction and errordetection

Read channels: R-CH (return link)

These channels are used to transmit the tag net.data to interrogator. The total amount per slot
with a net data bit content of 96 bits. The remaining bits are used for clock recovery, wor

isation and for error protection.

smission: return link with 384 kbit/s.

e assignment:

Table 104 — Sub:frame assignment for R-CH in case of RM-CH

SO S1 S2 S3 S4 S5 S6 S7 S8 S9 | S10 | S11 | S12 | S13
[ ] [ ] L] L] L] L] [ ] [ ] [ ]
Table 105 — Sub frame assignment for R-CH in case of RL-CH
SO S1 S2 S3 S4 S5 S6 S7 S8 S9 | S10 | S11 | S12 | S13

Q »m

Slot assignment: a time reversed Barker sequence with a length of 11 is used for clock and word recovery.
The remaining 189 bits are coded net data bits, split up into two identical parts.

72
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Table 106 — Slot assignment for R-CH part 1

Word synch.
Clock recovery

B199 B198 B197 B196 B195 B194 B193 B192 B191 B190 B189

0 1 0 0 1 0 0 0 1 1 1

Table 10/ — Slot assignment for R-CH part 2
. CRC over previous . CRC over bits .
Net data bits 48 bits Net data bit B96 ... B49 Tail bit
(48 bits) (44 bits) (48 bits) (44 bits)
B188...B141 B140...B97 B96...B49 B48...B5 B4...BO
D47, Do CRC43,...,CRCO D47, Do CRC43,...,CRCO

0OQ

benerator polynomial:

Hor Encoding:

o Attach the CRC bits (CRCys,
92 codebits (D47, ..

g(x):x44+x30+x29+x15+x+1

Tlhe Channel Coding algorithm is as follows:

¢ Divide in GF(2) the polynomial
Dy7x91+ Dygx90+... . +Dox*4
by the generator polynoemial
x44 + %30 + %29 4+ %15 + x + 1
obtain as/remtainder the polynomial

CRC43X43+. . .+CRC0X0

.., Dg, CRCy3, ..., CRCp)

..., CRCy) are transmitted beginning with the N

e |Initialize the CRC accumulator to all zeros — 0.....0h

..., CRCy) to the end of the databits (D47, ....

MSB first

(hannel coding: A shortened Fire code (92,48) is repeatedly used for-Coding the R-CH data b
eneration, the coded 92 bits (D47, ..., Dg, CRCys,

its. After
1ISB Dy7.

, Do) and trapsmit the

arD. dine:
Mo oo CoTTTyg~

e Divide the code polynomial

D47X91+ ....+D0X44 +CRC43X43 . CRCOXO

pre-multiplied with a certain factor (to account for the shortened code)

by the generator polynomial

X44+X30+X29+X15+X+1

and use the remainder polynomial for error correction and error detection
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5.3.4.3.10 Write channel: W-CH (forward link)

Function: This channel is used to transmit net data from interrogator to tag. The total amount per slot is 200
bits, with a net data bit content of 128 bits. The remaining bits are used for clock recovery, word
synchronisation and for error protection.

Data transmission: forward link with 384 kbit/s.

Table 108 — Sub frame assignment for W-CH

SO

S1

S2 S3

S4

S5

S6

S7 S8 S9 | S10 | S11

S12

S13

Slot assi

with a lepgth of 16 is used. The remaining 172 bits are coded net data bits.

Table 109 — Slot assignment for W-CH part 1

honment: 12 bits out of 200 are used for clock recovery. For word synchronisation a.segquence (TSC1

Clock recovery (12 bits)

~

B199 | B198 | B197 | B196 | B195 | B194 | B193 | B192 | B19D | B190 | B189 | B188
0 1 0 1 0 1 0 1 0 1 0 1
Table 110 — Slot assignment for W-CH part 2
Word synch.: 16 bit sequence TSC1
B187 | §186 | B185 | B184 | B183 | B182 | B181 | B180:{{B179 | B178 | B177 | B176 | B175 | B174 | B173 | B172
1 0 1 1 1 0 0 0 0 1 0 0 0 1 0 0

Channel

coded 1

polynom

2 bits (D127,
al (same as R-CH):

Table 111 £ Slot assignment for W-CH part 3

Net data bits

CRC over previous 128 bits

(128 bits) (44 bits)
B171... B44 B43... BO
Dio7, ... Do CRCys,..., CRCg

vy Do, CRC43, ..

coding:~A shortened Fire code is used for W-CH channel coding (172,128). After generation, th
., CRCy) are transmitted beginning with the MSB D4,7. Generatc

S

g(x):x44+X3O+X29+X15+X+1

The Channel Coding algorithm is as follows:

For Encoding:

74

Initialize the CRC accumulator to all zeros — 0

Divide in GF(2) the polynomial

D127X171+ D126X17O+. ..."'D()XA’4
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by the generator polynomial

X44+X30+X29+X15+X+1

obtain as remainder the polynomial

CRC43X43+ ...+C RCOXO

e Attach the CRC bits (CRCys3, ..

172 codebits (D427, ..... Do, CRCya. .... CRCq) MSB first

ISO/IEC 18000-4:2008(E)

., CRCy) to the end of the databits (D127, ....

Hor Decoding:

O < TN

e Divide the code polynomial

by the generator polynomial

X44+X30+X29+X15+X+1

Data transmission: return link with 384 kbit/s-

D127X171+ ... .'*'D()XA'4 +CRC43X43 . .+CRC0XO

5.3.4.3.11 Confirm write channel: CW-CH (return link)

pre-multiplied with a certain factor (to account for the shortened code)

and use the remainder polynomial for error correction and error detection

Table 112 — Sub frame assignment for CW-CH

unction: This channel signals whether the transmission of data from interrogator to tag in a given s
as free of errors or not. For a transmission to be error-free, all the slots must have been receive
rrors. A “not error-free” signal results in an AR@’procedure for this communication.

S0

S1

S2

S3

S4

S5

S6 | S7

S8

S9

$10

S$11 | $12

S$13

= (n

lot assignment-~Atime reversed Barker sequence with a length of 11 is used for clock and word reg
e case of W-CH, the CRCs are evaluated on a slot-by-slot basis. If all the slot CRCs are erro
feature correetable errors only), the CRC_OK bit shall be set. This bit is transmitted to interrog
26 bits ‘consecutively (sequence TSC1). If the received CRC was not 0.k., a word containing nothin
all be,generated with a length of 2*26. The interrogator does not evaluate the remaining bits.

Tabte+13—Stotassignment for €W-CHpart +———————————

, Dg) and transmit the

Ub frame
1 without

overy. In
-free (or
ator with
g but 0's

Word synch.
Clock recovery
B199 | B198 | B197 | B196 | B195 | B194 | B193 | B192 | B191 | B190 | B189
0 1 0 0 1 0 0 0 1 1 1

© ISO/IEC 2008 — All rights reserved

75


https://standardsiso.com/api/?name=8b1988c00d0aacbf5224d837d09bb46a

ISO/IEC

18000-4:2008(E)

Table 114 — Slot assignment for CW-CH part 2

B188...B163: CRC_OK: true (TSC1) (26 bits)
o|jof1jojoft1|jof1(1|1fojofojoj1f{ojOofo|1|jOfO|1|[O]|1(|[1]1
B188...B163: CRC_OK: false
o|jofo|jojofo|O0|O|fO|OfO|O|O|O|OfO|JOfO|O|O|O]|OfO]|OfO]|O

Table 115 — Slot assignment for CW-CH part 3

Channel

Decoding: by means of correlator. The default correlator threshold for CRC~OK word detection is 50 (The

value mu

5.3.4.3.12 Interrogator training sequence type2 channel: TS2-CH)(return link / without logical

channel
Function

Data trar
with 0.

This sign
pre-code

Sub frampe assignment. always transmitted before the return link slot if no physical return link slot was semt

before th
containin

B162...B137: CRC_OK: true (TSC1) (26 bits) B136...B0
o|joj1]jo0jof1|{of1f1]1]0|0|0O|O|1|(OfOfO|1]0|O|1]|O|1([1]1 —
B162...B137: CRC_OK: false

o(ojo|jojojojojojojojofofofofojojojojojojojojofofofo

coding: none.

st exceed 50: 2 bit errors maximum in 52 bits).

This channel is used only for ease the implementatior,of the hardware.

smission: return link with a data rate out of 200.t0:400 kbit/s. An alternating series of 0 and 1 starteld

al is not differentially pre-coded with the“exception of the last bit. The last bit has to be differentially
d to enable differential demodulation inthe subsequent slot.

e "first" return link slot. That méans that this channel shall be inserted before the first return link slot,
g ‘real’ information shall be(sent.

Table 116-— Sub frame assignment for TS2-CH in case of W-CH

S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 | S10 | S11 | 812 | $13

Table 117 — Sub frame assignment for TS2-CH in case of RM-CH, RL-CH, MID-CH

76

S0 | 1 §2 | s3 S4 | S5 | S6 | S7 [ S8 | S§9 | S10 | S11 | S12 | 813

Table 118 — Slot assignment for TS2-CH

Interrogator Training sequence (200 bits)

B199 B198 B1 BO
0 1 0 1
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5.3.4.3.13 Command slot training sequence: TS3-CH (forward link / without logical channel)
Function: This channel is used only for ease the implementation of the hardware.

Data transmission: forward link with 384kbit/s. Last 30 bits are an alternating series of 2 zeros and 2 ones
started with 2 ones.

Sub frame assignment. always transmitted only before CS-CH if CS-CH transmitted in Slot2.

S0 S$1 S2 S3 S4 | S5 S6 S7 S8 S9 | S10 | S11 | $12 | S13

Table 120 — Slot assignment for TS3-CH

Command Slot Training Sequence (30 bits)
B199...B30 B29 B28 B27 B26 B3 B2 B1 BO
— 1 1 0 0 0 0 1 1

5.3.4.3.14 Spectrum check channel: SC-CH (return link}/ without carrier)

-

unction: The interrogator uses this channel to measurethe RSSI values in the allowed frequency band within
he allowed channels. The stored values are uséd for determining free frequencies for notificgtion and
communication.

—

Data transmission: none.

[@a)

ub frame assignment: only if there is.neither communication nor notification.

Table 121 — Sub frame assignment for SC-CH

S0 S1 S2 S3 S4 | S5 | 86 | S7 S8 | §9 | S10 | S11 | S12 | S13

§lot assignment: Not applicable

(hanneleoding: None.

Decading: Not relevant.

5.3.5 CCC 6.2.5 Channel coding and sequences

5.3.5.1  Synchronisation and CRC patterns
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Table 122 — Clock and word synchronisation words for the physical channels

Channel type Clock Word Description
N-CH S-CH 0101 001100000 Word incl. clock
(R/W-tag)
S-CH* 1010 110011111 Word incl. clock
(R/O-tag)
MID-CH 0100 1000111 Word incl. clock
MIN-CH 0100 1000111 Word incl. clock
SID-CH 010101...010101 (36 bits) 1011100001000100
TS1-CH Not relevant Not relevant
C-CH R-CH 0100 1000111 Word incl(clock
W-CH 010101010101 1011100001000100
CW-CH 0100 1000111 Word incl. clock
TS2-CH Not relevant Not relevant
CS-CH 010101010101 001001011100001000100101 44
TS3-CH Not relevant Not relevant
SC-CH Not relevant Not relevant
*  The dlock recovery can work also with the capital letters: 0101: the same sequence as for a R/W-tag
Table 123 — CRC parameterisation for the physical channels
Channel type n‘ k Generator polynomial Remarks
N-CH S-CH 6 5 Even parity_ only n’: total number of bits in a CRC block.
MID-CH 54 32 X224 x1 T 4x 134 x 94 x4 41 k’: total number of net bits in a CRC block.
MIN-CH 54 32 224175 x 1349+ x4 41 In case of correction only the data field shall b¢
SID-CH 20 5 EENETIN I gggggti&;c:{. No wrap around shall be applied for th¢
C-CH TS1-CH — — —
R-CH 92 (48" [x*+x30+x2%+x15+x+1
W-CH 1720|128 | x¥+x30+x29+x154x+1
CW-CH 52 2 52 bit correlator
TS2-CH — — —
CS-CH 74 30 x44+x30+x294 x154 x4 1
T183-CH — — —
SC-CH — — —

5.3.6 Command set for the command slot channel: CS-CH (only for R/W-tag)

5.3.6.1

Command types

All tags with the same IC manufacturer code and same IC version number shall behave the same.
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