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Log of Changes
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Disclaimer

GS1®, under its IP Policy, seeks to avoid uncertainty regarding intellectual property claims by requiring the participants in
the Work Group that developed this Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade
Definitions Guideline to agree to grant to GS1 members a royalty-free licence or a RAND licence to Necessary Claims, as
that term is defined in the GS1 IP Policy. Furthermore, attention is drawn to the possibility that an implementation of one
or more features of this Specification may be the subject of a patent or other intellectual property right that does not
involve a Necessary Claim. Any such patent or other intellectual property right is not subject to the licencing obligations of
GS1. Moreover, the agreement to grant licences provided under the GS1 IP Policy does not include IP rights and any claims
of third parties who were not participants in the Work Group.

Accordingly, GS1 recommends that any organization developing an implementation designed to be in conformance with this
Specification should determine whether there are any patents that may encompass a specific implementation that the
organisation is developing in compliance with the Specification and whether a licence under a patent or other intellectual
property right is needed. Such a determination of a need for licencing should be made in view of the details of the specific
system designed by the organisation in consultation with their own patent counsel.

THIS DOCUMENT IS PROVIDED “AS IS” WITH NO WARRANTIES WHATSOEVER, INCLUDING ANY WARRANTY OF
MERCHANTABILITY, NONINFRINGEMENT, FITNESS FOR PARTICULAR PURPOSE, OR ANY WARRANTY OTHER WISE ARISING
OUT OF THIS SPECIFICATION. GS1 disclaims all liability for any damages arising from use or misuse of this Standard,
whether special, indirect, consequential, or compensatory damages, and including liability for infringement of any
intellectual property rights, relating to use of information in or reliance upon this document.

GS1 retains the right to make changes to this document at any time, without notice. GS1 makes no warranty for the use of
this document and assumes no responsibility for any errors which may appear in the document, nor does it make a
commitment to update the information contained herein.

GS1 and the GS1 logo are registered trademarks of GS1 AISBL.
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Introduction

This document introduces the TIPP grades, explains the TIPP grade naming system, and defines the
specifications for tagged-item sensitivity and backscatter for each grade. The document is intended
for parties learning about the TIPP grading guidelines and methodology including retailers, suppliers
and solution providers.

The Tagged-Item Performance Protocol (TIPP) Workgroup developed a tagged-item grading system
to facilitate the specification of tagged-item performance between retailers and suppliers. This
system defines a set of “grades” constructed by coalescing several tagged-item performance
specifications that are based on a proven set of grade factors defined by Arkansas Radio Compliance
(ARC) at Auburn University’s RFID Lab. These factors include sensitivity, backscatter power,
orientation, and frequency. Each grade is represented by a name that comprises four designators:
test configuration, performance level, family, and (optionally) frequency. As such, “TIPP grades are
simply tagged-item performance specifications given a shorthand names.”
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2 Grade identifiers

TIPP provides a shorthand naming system for its grades. The naming system provides a convenient
way to reference the large set of performance factors contained within each grade definition.

Note: Please see the Appendix for detailed Grade Family Descriptions

TIPP grades are named with a multi-dimensional naming system. A TIPP grade has four
components:

= A single letter (e.g. S or M) denoting the test configuration for the tagged item.

o S stands for single item. When a grade specifies S, the test procedure is performed on a
single item and must meet the item factors specified by the grade definition.

o M stands for multiple items. When a grade specifies M, the test procedure is performed on a
stack of 2 items and a stack of 11 items, and must meet the item factors specified by the
grade definition.

= A number (e.g. 5, 10, 20, etc.) that specifies item factor performance levels.

o The initial TIPP humbers are multiples of five to allow space in between existing grades if
needed in the future. (However, it is not anticipated that any intermediate performance
levels would be needed.)

o Larger numbers correspond to higher performing tagged items.
A letter (e.g. A, B, C, D, E, J or V) specifying the family to which the grade belongs.

The set of all TIPP grades is divided into families to group together grades with common
performance characteristics. Grades within a family are "ordered". Within a family, tagged items
automatically pass lower numbered grades if they pass higher numbered grades. For example, a
tagged-item that passes M15B also passes M10B because they are both in the B family.
However the same tagged-item might not pass M15D because it is in the D family, or S15B
because it is an S (single item) grade instead of an M (stacked) grade. As tag and reader
technologies and use-cases progress, new grades within families and new families of grades
with different characteristics will be needed. (look to add family description)

= An optional 4" component. If present, the 4" component specifies the test frequency
range.

o If the 4t component is not specified, the grade is tested over the frequency range 865-868
MHZz and 902-928 MHz.

o If the 4th component is specified as FCC, the grade is tested only over the frequency range
902 -928 MHz

o If the 4t component is specified as ETSI, the grade is tested only over the frequency range
865 - 868 MHz

Grades having the same frequency designator can be compared within their families as specified
above. If two grades have different frequency designators, they cannot be ranked by
performance-number. An example grade S15B-FCC meets the S15B grade specification tested
only over the frequency range of 902-928 MHz.
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3 Pass/Fail Criteria with minimum success rate

The solution brings a new dimension to the grade definitions called “*minimum success rate”!. These
are percentage values that are separately defined for each antenna and orientation line. By default
this number is 100%, which is also aligned with the original TIPP US guideline. However also a lower
percentage can now be defined to allow the tagged item to fail one or more of the specified test

nodes.
Sensitivity
Minimum
suCCess Orientation
rate angle Antenna
100% 100% 100% 100%
1 2 3 4
100% 0
100% 30
100% 50
100% 90
100% 120
100% 150
100% 180
100% 210
100% 240
100% 270
100% 300
100% 330

If the pass/fail criteria for a grade is not specified or absent, every entry with a performance
number must pass the grade test procedure. For entries that contain no performance number, no
testing is required.

For example, there are potential 4 columns and 12 rows of potential performance data. A 50%
pass/fail criterion in a column of would mean that at least half of the entries specified in the column
must meet the performance level. If the column contains 10 performance levels, that at least five
must be met. If the column contains less than 12 levels (they are unspecified and thus no testing is
required), then at least half of those specified must meet the performance level.

! The original TIPP US Guideline had strict pass/fail interpretation of the test results: if the tested item failed
even one of the specified test nodes, the whole test sequence was determined as a failure. Considering the
complexities of both the TIPP test procedure, the evolution of tagging and packaging solutions and especially the
statistical nature of RFID reads in general, the TIPP global grading system is improved to also consider the
occasional non-fatal read failures.
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4 Grade definitions

Each grade is defined by a set of tables that specify the tagged-item sensitivity and backscatter at
various orientations. The entries in the table specify the power at the tagged-item in Decibel-
milliwatts (dBm) according to the test procedures defined in the TIPP Tagged-Item Grading: Testing
Methodology. If an entry in a table is blank, then there is no specification for that orientation. To
determine if a tagged item meets a given grade, the test must be performed according to the test
procedures defined in the TIPP Tagged-Item Grading: Testing Methodology using tag placement and
configurations specified in the TIPP Tagged-Item Grading Testing Configurations.
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Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

4.1 Performance grade SO5V

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Antenna

Backscatter

Antenna
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4.2 Performance grade SO5B

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Antenna

Orientation

Backscatter

Antenna

Orientation
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4.3
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Orientation

Orientation

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

Performance grade S15B

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Backscatter

Antenna

-6.5

-5.5

1

-2 -1
2 -1 1 -1
6.5 6.5 55 55
2 -1 1 -1
-2 -1 1 -1

© 2017 GS1 AISBL
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4.4 Performance grade S15D

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Antenna

6.5 6.5 5.5
-5 -5 -4 -4
c
o
s
[
°
o -5 -5 -4 4
6.5 6.5 55 55
-5 -5 -4 -4
-5 -5 -4 -4
Backscatter
Antenna
c
o
s
[
°
(o)

Page 13 of 28
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4.5 Performance grade S20B

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Antenna

9.5
-5 -4 2 -4
c
o
s
[
°
o -5 -4 -2 4
95 95 -85 -85
-5 4 -2 -4
-5 4 2 -4
Backscatter
Antenna
[
o
s
c
°
o
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4.6 Performance grade S20A

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Antenna

-10
-7 -6 -6 -6
c -2 -2
o
s
_§ -2 -2
o) 7 6 6 -6
-10 95 95 -10
-7 -6 -6 -6
2 2
-2 -2
-7 -6 -6 -6
Backscatter
Antenna
[
o
s
c
°
o
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4.7
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Orientation

Orientation

Performance grade S25A

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Backscatter

Antenna

] :
-11 -10.5
-9 -9 -8.5 -8
-2.5 -2.5 -1
-25 -25 -1
-9 -9 -8.5 -8
-11 -10.5 -10.5 -11
-9 -9 -8.5 -8
-25 -25 -1
-2.5 -2.5 -1
-9 -9 -8.5 -8

Antenna

© 2017 GS1 AISBL
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4.8
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Orientation

Orientation

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

Performance grade S35A

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Antenna

] :
-13.5
-11.5 -11.5 -12 -12
-5 -5 -5 -2
-5 -5 -5 -2
-11.5 -11.5 -12 -12
-13.5 -13 -13.5 -13.5
-11.5 -11.5 -12 -12
-5 -5 -5 -2
-5 -5 -5 -2
-11.5 -11.5 -12 -12

Backscatter
Antenna
' 3

Page 17 of 28
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4.9 Performance grade S30F

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

-15
-12 -11 -11 -11
c -6 -6 -4.5
o
s
; -6 -6 4.5
o) -12 11 11 11
-15 -14 -14 -14
-12 -11 -11 -11
-6 -6 45
-6 -6 45
-12 -11 -11 -11
Backscatter
[
o
s
c
°
o
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Tagged-Item Performance Protoc

4.10 Performance grade M0O5B

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

2 stack sensitivity

Antenna

Orientation

Orientation

Release 1.1, Ratified, Nov 2017
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11 stack sensitivity

Antenna

11 stack backscatter

Antenna
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4.11 Performance grade M10B

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

2 stack sensitivity

Antenna

Orientation

Orientation

11 stack sensitivity

Antenna

11 stack backscatter

Antenna
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4.12 Performance grade M15B

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

2 stack sensitivity

Antenna

Orientation

Orientation

11 stack sensitivity

Antenna

11 stack backscatter

Antenna
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4.13 Performance grade M20D

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Orientation

Orientation

2 stack sensitivity

Antenna

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

11 stack sensitivity

Antenna

11 stack backscatter

Antenna
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4.14 Performance grade M25C

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Orientation

Orientation

2 stack sensitivity

Antenna

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

11 stack sensitivity

Antenna

11 stack backscatter

Antenna

Release 1.1, Ratified, Nov 2017
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4.15 Performance grade M30E

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Orientation

Orientation

2 stack sensitivity

Antenna

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

11 stack sensitivity

Antenna

11 stack backscatter

Antenna
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4.16 Performance grade M35E

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Orientation

Orientation

2 stack sensitivity

Antenna

Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

11 stack sensitivity

Antenna

11 stack backscatter

Antenna

Release 1.1, Ratified, Nov 2017

© 2017 GS1 AISBL Page 25 of 28



Tagged-Item Performance Protocol (TIPP) Tagged-Item Grading Grade Definitions

4.17 Performance grade J04V

Test frequency Range: Unless otherwise specified in the grade nomenclature the test frequency
range is 902 MHz to 928 MHz and 865 MHz to 868 MHz. The pass/fail criteria are 100% for all rows

and columns and are omitted here for brevity.

Sensitivity

Antenna

0

Orientation

Backscatter
Antenna
' 3

Orientation
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Appendix Grade Family descriptions

‘A’ Family Grades

= A-family grades present very good readability for single items from many directions, including
all the elevation angles.

= High sensitivity requirement means that these items can be scanned from relatively long
distances from the front and backsides, but read sensitivity to sides is relatively lower.

= Consider these grades for single item detection in EAS applications. Utilize higher sensitivity
grades for overhead reader installations, lower grade for gates.

‘B’ Family Grades

= B-family grades are applied both for single items and stacked items.

= Backscatter requirement is low, which suggest the grade is best applied at short distances,
event below 2 meters.

= Tagged items in this family present fair readability also from elevation angles.

= Consider applying the grades for handheld scanning.

‘C’ Family Grades

= C-family grades offer high readability for stacked items especially from the front and back even
from all the elevation angles.

= Readability from the side directions is more limited in range, but possible at proximity scanning.

= Backscatter suggests that read distance is fairly short, in the range of a meter or so.

= Consider C-family grades for stacked item applications in transition reading: especially bulk
reading of attest passing from stockroom to sales floor.

‘D’ Family Grades

= D-family grades offer good readability both for single and stacked items from the front and back
sides.

= Elevation angles are well covered, but the side orientation reads are not required.
= Backscatter values are specified, but the magnitude is not high.

= Prominent use cases include handheld scanning.

‘E’ Family Grades
= E-family grades present fairly high read sensitivity for stacked items.
= Read distance is longest from the front and back, however, also the side angles are specified.

= Relatively high backscatter requirement suggest long read ranges, making this a relatively high-
performance grade in TIPP.

= Consider these grades for inventory of stacked items with overhead reader system.

‘F’ Family Grades
= F-family grades present fairly high read sensitivity for single items to all elevations angles.

= The read distance is more limited to the side orientations, but overall the grade is fairly
unidirectional.

= It should be noted, that the F-family does not include requirements for the backscatter signal
strength.

= This implies that these grades are not fit for applications, where read distance is long and tag
size is small.

= One application example is therefore EAS implemented with gate readers.
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'V’ Family Grades

= The V-family includes simple 1 channel grades that well respond to requirements of sporting
goods inventory on the shelfs and identification at POS.

= The J04V addresses the performance requirements of dense item stacks that are inventoried
from a short distance with handheld scanners.

= The lack of elevation angle requirement means that these items are best identified from the
front or back. Having only one test channel keeps the test arrangement simple, thus enabling
many parties to conduct the tests.
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