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1 Introduction

1.1 General

Different applications, like conveyor belts or dock door portals, are characterized by different properties such as field characteristics, tag population, speed and tag/reader density. These properties impose different requirements such as read or write sensitivity and resistance to mutual coupling. When exposing tags of various types from different vendors to application specific conditions, some tags might influence the operability of others, thereby being mutually incompatible.

The goal of tag interoperability tests is to investigate issues of potential incompatibility that arise due to the use of tags of various types from different vendors in application specific conditions.

This document identifies the main factors influencing tag interoperability including application scenarios, protocol parameters and individual tag characteristics. Each of these aspects is addressed in detail with the aim of providing a test plan and evaluation matrices for tag interoperability tests. Protocol specific issues in this document are focused on the EPCglobal Class 1 Generation 2 air interface specification ([2]) and the air interface specification ISO/IEC 18000-6 Type C ([3]).

1.2 Scope

This document defines a test plan for tag interoperability tests. The main objective of such tests is to confirm that mixed populations of tags (tags of different types and/or from different vendors) can be identified correctly. Two different types of tests are defined. The first type - ASIC specific tests - focuses on the inventory of multiple tags hard wired to a test system, i.e. eliminating the influences of the RF field. The second type - label specific tests - focuses on the inventory of multiple tags under application specific conditions.  

Additionally, the specification of network tests is under consideration. The aim of these tests will be to confirm that interrogators designed by different manufacturers, which are connected to the same network, all interface correctly with the host.

2 Definition of Tag Interoperability Test

ETSI defines interoperability as the “ability of two systems to interoperate using the same communication protocol” ([1], p.8). Furthermore, the purpose of interoperability testing is identified as to “prove that end-to-end functionality between (at least) two communicating systems is as required by the standard(s) on which those systems are based” ([1], p.9). ETSI clearly highlights that each interoperability test configuration includes one, and only one, subject of test called the Equipment Under Test (EUT) ([1], p.13).

Based on the common understanding of the term interoperability defined by ETSI, the specification of tag interoperability (tests) seems a challenging task. One approach may be to consider a population of tags (two or more) as a single Equipment Under Test (EUT), which communicates with an RFID reader (Qualified Equipment - QE). Thus tag interoperability is the ability of an RFID reader to interoperate with a population of RFID tags using the same communication protocol. 

Figure 1 shows the architecture for a tag interoperability test based on the approach outlined in the previous paragraph. (This is modified from Figure 7 of [1]) where the QE is an RFID reader. The EUT comprises a number of tags (two or more) typically of mixed types and/or from different vendors. Thus individual tags can be treated as components of the EUT and interoperability issues will be seen as the inability of the QE to communicate with one or more of these components.
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Figure 1: Tag Interoperability Test Setup

3 Influences On Tag Interoperability

3.1 Preface

The main factors influencing tag interoperability are the application scenario, protocol parameters, and individual tag characteristics. Each of these factors is addressed in detail in the following sub-sections However due to the large number of variables associated with application scenarios and protocol parameters, it is only possible to cover the main factors influencing tag behaviour. Since there could be issues in assigning reader related characteristics either to the application scenario or to the protocol parameters, the following convention is adopted. Software definable characteristics are assigned to the protocol parameters while all others are assigned to the application scenario.

3.2 Application Scenario

The application scenario describes the setup in which RFID reader and tags are used. The main characteristics of an application scenario include:

· Environment

· All aspects that have a certain influence on an application but are not part of the application itself (like surrounding material, noise sources of any kind e.g. mobile phones)

· Reader antenna arrangement

· Position and orientation of the reader antennas in a setup

· Number of reader antennas

· Type of reader antennas

· Tag arrangement

· Position and orientation of the tags in a setup

· Number of tags

· Type of tags (different vendors/models)

· Relative movement between reader antennas and tags

· Speed

· Path

· E.g. pallet moving through portal (tags moving)

· E.g. handheld reader (reader antenna moving)

·  Pallet / Case / Item characteristics

· Materials

· Arrangement

3.3 Protocol Parameters

The protocol parameters describe the protocol settings, as well as other software options associated with a particular application setup. The main protocol parameters are (C1G2 specific where applicable):

· Link rates

· Forward link

· Return link

· Modulation/Encoding

· Modulation type (forward link)

· Modulation depth (forward link)

· Duty cycle (forward link)

· Encoding (return link)

· CW

· Power

· Frequency

· Link timing

· In most cases not selectable!

· Protocol flow

· Command sequence

· Collision-arbitration concept (Q protocol)

· Purpose

· Selection/inventory only

· Access - write

· Session usage

· Session flag

· Selected flag

· A ( B, B ( A inventory

· TRext usage

· Pilot tone

· No pilot tone

· Reader antenna switching

· Sequence

· Timing

· Interrelation with protocol concepts (e.g. inventory round)

3.4 Individual Tag Characteristics

The individual tag characteristics describe attributes that, due to variations between different tags, may influence on tag interoperability. Some of these attributes are defined for tags operating under ISO/IEC 18000-6.

· Read range

· The sensitivity of a tag typically expressed as forward link range for a given transmit level.

· Orientation tolerance

· The sensitivity of a tag in terms of its read range if it is rotated away from its preferred orientation.

· Frequency tolerance

· The sensitivity of a tag in terms of its read range at various carrier frequencies from 860 MHz to 960 MHz.

· Tags with high frequency tolerance typically show less variation in sensitivity if attached to different materials.

· Interference tolerance

· Describes the degradation in read range by tags from interference generated by other nearby readers (e.g. dense reader environment). 

· Backscatter range

· The strength of a backscatter response from a tag for a given downlink field level in terms of return link range.

· The range of the return link for passive tags is typically is greater than the range of the forward link.

· The efficiency of the hardware design for generating the backscatter signal. 

· Backscatter timing

· The interval between the instant that the interrogator ceases transmitting its modulated signal and the instant that the tag starts to transmit its backscatter response. 

· Write range

· The write sensitivity of the tag, i.e. the maximum forward link range at which it is possible to write data into a tag.

· Write time

· The time taken to write x bits into a tag.

· Tag proximity

· Describes the degradation in read range of a tag when positioned in proximity to another tag / other tags.

· Detuning immunity

· Mutual coupling

· Tag flags persistence time

· Persistence time of the S1, S2, S3 and SL flags

· Tag RNG probability

· Probability of a tag’s RNG to roll a 1 in a specific time slot.

4 Tag Interoperability Test Setups

4.1 Preface

Section 3.4 explained that tag interoperability issues may arise from ASIC specific (e.g. timing) as well as label specific (e.g. sensitivity) characteristics. Tag interoperability test setups therefore need to provide a means to perform ASIC specific (hard-wire) tests and label specific wireless (RF interface) tests. Figure 2 shows a diagram of the setup for such tests. Details of each of the tests are described in the following subsections.

[image: image2.png]Tags

Tags





Figure 2: Tag Interoperability Test Setups Overview

4.2 ASIC Specific Test Setup

The ASIC specific test setup uses a hard-wired tag interface (tag ASICS are connected with the test platform via an electrical interface) in order to focus on protocol specific issues and eliminate the influences of the RF field. Figure 3 shows the general setup.
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Figure 3: Tag Interoperability Test - ASIC Specific Setup

In order to test protocol specific issues, the software used to analyze the tag ASICs should provide the following main features:

· Fully adjustable protocol flow (commands)

· Fully adjustable timings (message and symbol level)

· Fully adjustable EPCglobal C1G2 protocol options

· Logging of protocol flow

· Commands, replies, collisions, empty slots

· Measurement of tag timings (at message and symbol levels)

· Oscilloscope interface including adjustable trigger for detailed evaluation of wave-forms

4.3 Label Specific Test Setup

The label specific test setup extends the setup described in the previous section by an RF front-end in order to consider issues that are RF specific. Figure 4 shows the general test setup (as described in [4]). It should be noted that for the interoperability tests multiple tags may be placed in the interrogation zone of the test reader.
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Figure 4: Tag Interoperability Test - Label Specific Setup (see [4])

5 Tag Interoperability Test Application Setups

5.1 Preface

In section 3 certain application scenarios were identified as a major factor that influences tag interoperability. Thus a plan for tag interoperability tests should include various application setups that reflect reality. Most of the protocol parameters for the air interface are closely related to application scenarios and therefore need to be defined for each of the application setups.

The following sections discuss typical application setups, including protocol parameters, which are proposed for the tag interoperability tests. The applications are selected to cover a broad range of real world setups and focused on scenarios where tag interoperability issues are anticipated (e.g. only situations with multiple tags in the interrogation zone).

5.2 Application Setup 1: Portal - Moving Pallet

Portal setups, like dock door portals, are very common in the supply chain.  Typically, a number of tagged cases/items placed on a tagged pallet moves through a portal. For the test specified in this section the aim is to inventory the pallet, case, or item tags. Table 1 and Table 2 define the application and protocol parameters.

Table 1: AS1 - Application Parameters

	Parameter
	Description
	Remark

	Environment
	Distribution centre
Dense reader environment

Several dock door portals
	

	Reader antenna arrangement
	Typical dock door portal 3x3m

4 antennas (2 left, 2 right)

Mounting height: 1m and 2m

Circular polarized
	

	Tag arrangement
	According to pallet configuration used in TG34 Tests Part 3
	52 Tags

	Movement
	Path: hand truck/fork truck/powered jack through centre of portal

Speed: 1-6m/s
	

	Case characteristics
	According to pallet configuration used in TG34 Tests Part 3
	mixed materials including liquid


Table 2: AS1 - Protocol Parameters

	Parameter
	Value
	Remark

	Link rates
	25µs/75kbps
	DRM Europe

	Modulation/Encoding
	Forward link: 90% ASK; PIE

Return link: Miller modulated subcarrier
	

	CW Power
	Europe max.
	

	CW Frequency
	Europe
	

	Protocol Flow
	Select, Inventory
	

	Session usage
	Session 2; A ( B
	

	TRext usage
	Off
	

	Channel sharing technique
	Europe
	

	Reader antenna switching
	Rotational
	


5.3 Application Setup 2: Conveyor - Moving Case

Typical warehouse applications utilize conveyor belts to transport cases of mixed items. Table 3 and Table 4 define the test scenario and corresponding protocol parameters.

Table 3: AS2 - Application Parameters

	Parameter
	Description
	Remark

	Environment
	Warehouse

Conveyor belt

Dense reader environment
	

	Reader antenna arrangement
	Conveyor belt arrangement; about 1m by 1m

4 antennas (left, right, top, bottom)

Circular polarized
	

	Tag arrangement
	Assorted items in case
	~ 20 Tags

	Movement
	Path: determined by conveyor belt

Speed: 1-3m/s
	

	Item characteristics
	Assorted items in case
	Mixed materials including liquids


Table 4: AS2 - Protocol Parameters

	Parameter
	Value
	Remark

	Link rates
	25µs/75kbps
	DRM Europe

	Modulation/Encoding
	Forward link: 90% ASK; PIE

Return link: Miller modulated subcarrier
	

	CW Power
	Europe max.
	

	CW Frequency
	Europe
	

	Protocol Flow
	Select, Inventory
	

	Session usage
	Session 1; A ( B or B ( A
	

	TRext usage
	Off
	

	Channel sharing technique
	Europe
	

	Reader antenna switching
	Rotational
	


5.4 Application Setup 3: Rack of DVDs - Shelf Reader

Shelf readers in retail stores are typical examples of static setups. Table 5 defines the test scenario for a rack of DVDs. Table 6 lists the corresponding protocol parameters.

Table 5: AS3 - Application Parameters

	Parameter
	Description
	Remark

	Environment
	Retail store

Shelf reader

Metal rack

Dense reader environment
	

	Reader antenna arrangement
	Shelf reader
	

	Tag arrangement
	DVDs stacked in rack

10 DVDs deep; 8 DVDs wide

5 shelves
	up to 400 tags

	Movement
	Static
	

	Item characteristics
	DVDs in typical DVD cases
	


Table 6: AS3 - Protocol Parameters

	Parameter
	Value
	Remark

	Link rates
	25µs/75kbps
	

	Modulation/Encoding
	Forward link: 90% ASK; PIE

Return link: Miller modulated subcarrier
	

	CW Power
	T.b.d.
	Use near field techniques

	CW Frequency
	Europe
	

	Protocol Flow
	Inventory
	

	Session usage
	Session 0; A ( B
	

	TRext usage
	Off
	

	Channel sharing technique
	Europe
	

	Reader antenna switching
	T.b.d.
	


5.5 Application Setup 4: Retail Store - Shelf - Handheld Reader

In addition to shelf readers, handheld readers may be used for item inventory in retail stores. Typically items are placed on shelves made from different materials such as plastic, wood or metal. Arrangement of the tags and the nature of any surrounding materials are dependent on the items on the shelves. Table 7 and Table 8 define the application and protocol parameters.

Table 7: AS4 - Application Parameters

	Parameter
	Description
	Remark

	Environment
	Rack including metal

Detailed setup t.b.d.
	

	Reader antenna arrangement
	Handheld reader
	Single antenna  (near field)

	Tag arrangement
	To be discussed (see item characteristics)
	~ 100 Tags

	Movement
	Path: walk/hand movement

Distance from tags: 20cm minimum

Speed: 1m/s
	

	Item characteristics
	Items to be discussed

Arrangement to be discussed
	Mixed materials including liquid


Table 8: AS4 - Protocol Parameters

	Parameter
	Value
	Remark

	Link rates
	25µs/75kbps
	

	Modulation/Encoding
	Forward link: 90% ASK; PIE

Return link: Miller modulated subcarrier
	

	CW Power
	T.b.d.
	Target inventory zone: 1m³

	CW Frequency
	Europe
	

	Protocol Flow
	Inventory only
	No selection required

	Session usage
	Session 0; A ( B
	

	TRext usage
	Off
	

	Channel sharing technique
	Europe
	

	Reader antenna switching
	N/A
	


5.6 Other

The following list provides an overview of various other application setups. Advanced tag interoperability tests might consider these setups.

· Pharmaceutical

· Bottle lines, blister lines, …

· Case packer

· Retail stores

· Walk items through door

· Point of sale scenarios

· Distribution centre
· Stretch wrapper

· Garments on metal rail

· Manufacturing

· Palletizer

6 Definition of Tag Interoperability Tests

This section introduces the structure of tests for tag interoperability. The tests have in common that they are performed for homogenous tag populations (all tags of the same type) and mixed tag populations (different types of tags are used). The outcome of the tests is assessed by comparing the results for the homogenous and mixed tag populations.

The tests are sub-divided into two groups:

1.) Reader independent tag interoperability tests will focus solely on issues that influence tags-to-tags interoperability. In particular these tests will be executed using a host controlled test platform with one antenna. Further details are defined in section 7.

2.) Tag interoperability tests are performed in each of the specified application scenarios. The tests are performed with a commercial reader configured in accordance with specified parameters. Further details are defined in section 8.

7 Reader independent Tag Interoperability Tests

7.1 Introduction

This section deals with the definition of tests for tag interoperability in a reader independent test setup. 

There are three different types of tests:

1.) The ASIC specific test mainly focuses on protocol issues while reading a group of ICs connected to the test platform via an electrical interface.

2.) The label specific tests are performed under specified conditions and simulate situations that might occur in real application scenarios. For example interoperability issues may occur in IATA applications. The tests are performed on groups of tags placed in, or moved through, the RF field of the test equipment.

3.) The label specific tag proximity test evaluates the influence on read range when tags are moved close to each other. The tests are done for pairs of tags placed in the RF field of the test equipment.

7.2 ASIC Specific Tests

7.2.1 General

ASIC specific tests focus on protocol specific issues while eliminating the influences of the RF field by making direct contact with the IC. The general test setup was already presented in section 4.2.

The tests compare the readability of homogenous tag ASIC populations (all ASICs from a single manufacturer and of the same type) versus the readability of a mixed tag ASIC population (various types of tag ASICs provided by different vendors).

7.2.2 Goal

The goal of the ASIC specific test is to determine whether any ASIC interoperability issues can be observed if the effects of the RF field are eliminated.

7.2.3 Test Setup

The test setup was already introduced in section 4.2. It mainly consists of a host controlled test reader to which tags are attached via a hard-wire interface.

In order to hard-wire the ASICs they should be available either in a chip package that can be soldered or as labels that are prepared as shown in Figure 5.
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Figure 5: Preparation of Tags and Tag ASICs

The number of ASICs connected to the test reader is limited by the number of electrical interfaces that are available. Ideally, all of the different types of ASIC available for testing should be connected at once. If the number of different types of ASIC available for testing is x, the test setup shall be as follows:

· Reference tests

· For each ASIC type a reference test is performed. For x different ASIC types, this results in x reference tests. For each of the reference tests x ASICs of the same type have to be attached to the test equipment.

· Mixed population test

· One ASIC of each type is attached to the test equipment resulting in a total of x ASICs connected.

7.2.4 Metrics

Each of the tests is repeated five times.

The number of ASICs detected over the five test runs shall be recorded (count). If x ASICs are connected to the test equipment the maximum ASIC count is five times x.  A comparison of the count for each of the reference tests and for the mixed population test shall be provided.

Any anomalies shall be recorded.

7.2.5 Test Method

For each of the test setups described in section 7.2.3 the following steps shall be performed in order to record the metrics defined in section 7.2.4.

1.) Configure the test reader in accordance with the settings in Table 9.

Table 9: ASIC Specific Test Reader Configuration

	SETTING
	VALUE
	REMARK

	Select target
	100
	SL flag

	Select action
	000
	assert SL

	Select mask
	none
	select all tags

	Link rates
	25µs/40kbps
	

	Encoding
	Forward link: PIE

Return link: FM0
	

	Query sel
	11
	SL

	Query session
	S0
	

	Query target
	0
	A

	Q parameter
	0
	Let the collision arbitration do the rest


2.) Start the test reader and perform a single inventory round 

3.) Record the ASICs detected

4.) Repeat the test five times

NOTE 1: ASIC selection is common in most applications. In order to override any factors that may influence selection, a Select command is issued prior to each inventory round. This resets the selected flag, which is then used in the Query command. Furthermore session 0 is chosen in order to ensure a defined state after power-up.

NOTE 2: Although not all ASICs may be identified in a single inventory round, this does not prevent comparison of results between test runs with different numbers of replies.
7.3 Label Specific Tests

7.3.1 General

Label specific tests use the test setup introduced in section 4.3 and include an RF interface. Thus these tests cover both protocol and RF field specific issues.

Two types of label specific tests are specified in this section. The label specific application test simulates issues that might occur in certain applications. . The label specific proximity test evaluates the influence of tags that are close to one another under laboratory conditions.

7.3.2 Label specific application tests

7.3.2.1 Goal

The goal of the tests is to determine whether there are any interoperability issues between tags provided by different vendors when operating collectively under defined conditions. The tests are arranged to exclude any potential reader-to-tag interoperability issues.

7.3.2.2 Test Setup

The test setup was already introduced in section 4.3. It consists of a test reader connected to a single reader antenna and controlled by a host. The tag population is placed in or moves through the RF field of the antenna.

The arrangement of the tag population shall resemble application specific conditions. The actual application used for testing is t.b.d. Section 5 provides an overview of typical application scenarios.

The evaluation of tag interoperability issues is based on the comparison between homogenous and mixed tag populations. If x represents the number of different types of tags available for testing, the test setups shall be as follows:

· Reference tests

· A reference test is performed for each tag type. For x different tag types there will be x reference tests. For each application specific arrangement the reference tests shall comprise tags of a single type only.

· Mixed population test

· The mixed population test setup shall include at least one of each type of tags. The actual selection and arrangement of tags depends on the application scenario simulated in the test.

7.3.2.3 Metrics

Each of the tests is repeated five times.

The number of tags detected over the five test runs shall be recorded (tagcount). If x tags are used in a specific test, the maximum tagcount is five times x. A comparison of the tagcount between each of the reference tests and the mixed population test shall be provided in form of a bar chart as well as listed in table.

Any anomalies shall be recorded.

7.3.2.4 Test Method

For each of the test setups described in section 7.3.2.2 the following steps shall be performed in order to record the metrics defined in section 7.3.2.3.

1.) Configure the test reader to reflect the settings typical for the application (see section 5 for typical application setups and corresponding parameters). The actual application setups to be used for the tests t.b.d.

2.) For static application setups the tag arrangement should be placed in the RF field of the reader antenna. 

3.) Start the test reader.

4.) For static application setups the inventory time (i.e. number of inventory cycles) shall conform to the setup parameters. The actual application setup to be used for the tests t.b.d.

5.) For dynamic application setups the tag arrangement shall be moved through the RF field of the reader antenna at the speed defined in the set-up parameters. The actual application setup to be used for the tests t.b.d.

6.) Record the tags detected

7.) Repeat the test five times

7.3.3 Tag Proximity Test

7.3.3.1 Goal

The goal of the tag proximity test is to determine whether tag interoperability issues can be observed if tags of two different types are positioned close to each other in a reading zone.

7.3.3.2 Test Setup

The test setup was already introduced in section 4.3. It consists of a test reader connected to a single reader antenna and controlled by a host. The tags under test are placed in the RF field of the antenna at different distances as described in the test method.

The tag proximity measurement is specified in [5].

The evaluation of tag interoperability issues shall be based on the comparison of tag proximity measurement results. For each pair of tag types (type A and type B) the following measurement scenarios shall be covered:

1.) Tag proximity measurement as described in [5] with two tags of type A

2.) Tag proximity measurement as described in [5] with two tags of type B

3.) Tag proximity measurement as described in [5] with one tag of type A being actively inventoried while one tag of type B is placed in its proximity

4.) Tag proximity measurement as described in [5] with one tag of type B being actively inventoried while one tag of type A is placed in its proximity

7.3.3.3 Metrics

As described in [5] the influence of closely packed tags on their readability is quantified by the distance between two tags that halves the reading range. This distance shall be recorded for each test run and used for assessing interoperability issues.

Any anomalies shall be recorded.

7.3.3.4 Test Method

The tag proximity test method is described in [5].

8 Tag interoperability tests executed in application scenarios

8.1 Introduction

This section defines tests that are performed in a number of different application setups. Tags communicate with a commercial reader that shall be configured for each application. The following types of test shall be carried out:

1.) Interference rejection tests shall evaluate the interference rejection capabilities of a tag when influenced by the presence of tags manufactured by different vendors.

2.) Portal gate test focuses on issues that might occur in portal applications. The tests are performed using different groups of tags placed in or moved through the RF field of the reader.

3.) Conveyer test focuses on issues that might occur in conveyer applications. The tests are performed using different groups of tags placed in or moved through the RF field of the reader.

A detailed specification of the tests outlined above shall be defined in the second phase of the tag interoperability tests. Based on the results from phase one (the tests described in section 7), tests will be defined that most effectively evaluate possible issues with interoperability in real applications. Details of the scenarios for these tests are provided in section 5.The tests will be performed using commercial readers designed by different manufacturers.
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