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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

Licensed assist access (LAA) in unlicensed spectrum using the Carrier Aggregation Framework of LTE was introduced in Rel-13 as a complementary tool to augment operators’ service offering and solutions. Given the widespread deployment and usage of other technologies in unlicensed spectrum, it is necessary that LAA coexists with existing and future technologies targeted for unlicensed spectrum. Therefore, LBT mechanism was introduced for LAA to coexist with other wireless systems, e.g. Wi-Fi as well as with other LAA systems. As part of the R13 WI, functionality tests for LBT mechanism have been specified for LAA to verify that the LAA Base Stations (BS) have implemented LBT as it is specified in 3GPP specifications. 

Meanwhile, there has been request to conduct multi-node tests where two wireless systems share the same unlicensed spectrum and their system performance is to be ensured, e.g. between two LAA systems or between LAA and other wireless systems, e.g. Wi-Fi.   Such multi-node tests are expected to verify that the two systems can coexist when operating in the same unlicensed spectrum. From this perspective, multi-node tests verify coexistence at system level, while it is understood that any LBT functionality verifications of LAA BS are already guaranteed by LBT tests introduced in Rel-13 LAA.
1
Scope

The present document describes the multi-node tests for Rel-13 LAA BSs and other wireless systems operating in unlicensed spectrum. In particular, the report documents how to conduct multi-node tests involving two Rel-13 LAA BSs or one Rel-13 LAA BS and one other wireless system, e.g. Wi-Fi system to make sure that the two systems can coexist in the same unlicensed spectrum.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 41.001: "GSM Release specifications".

[3]
3GPP TR 21 912 (V3.1.0): "Example 2, using fixed text".

…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

LAA
Licensed-Assisted Access
4
Coexistence algorithms for LAA

Coexistence algorithms, described in TS 36.213, Clause 15.1.1, are designed in LAA to ensure that LAA coexists with existing and future technologies targeted for unlicensed spectrum, e.g. Wi-Fi as well as with other LAA systems. To verify the coexistence with other wireless systems (and vice versa) operating in the unlicensed spectrum, RAN4 agreed to define two classes of tests to verify LAA coexistence:

· LBT tests: these are functional tests which verify minimum requirements defined in 3GPP specifications. The LBT core requirements are already captured in TS 36.104 (Chapter 9) while the LBT tests are defined in Chapter 9 of TS 36.141.

· Multi-node tests: this is a new class of test which whose scope is to verify cross-technology coexistence, with emphasis on coexistence between LAA and Wi-Fi operating in the same spectrum. Such Multi-node tests will be captured in this report.

4.1
LBT functionalities tests for LAA

LBT tests are functional tests which only verify essential LBT functionalities specified in 3GPP specification. It has been agreed to align LBT testing procedure with EN 301 893.

Following LBT functionalities tests are agreed:

· Energy Detection (ED) threshold and detection accuracy.

· Maximum Channel Occupancy Time (MCOT).

· Minimum Idle time.
MCOT, idle time, and Energy Detection sensing will be tested with a procedure similar to EN 301 893, but adapted to 3GPP nomenclature and format, as in Clause 4.8 in 3GPP TS 36.141. 

LBT core requirements for DL LAA transmitters are documented in TS 36.104, Chapter 9. And LBT functionalities test procedures are documented in TS 36.141, Chapter 9. 
4.2
Multi-node tests for LAA
Multi-node tests are cross technology coexistence tests. This is a new class of tests whose scope is to verify cross-technology coexistence, with emphasis on coexistence between LAA and Wi-Fi operating in the same spectrum.

Tests should cover both LAA to Wi-Fi and Wi-Fi to LAA performance. In other words, the impact from LAA to Wi-Fi and from Wi-Fi to LAA will be considered.

Further tests may be included for eLAA or other future technology.
5
Tools and approach for Multi-node tests
<Editor’s note: Briefly describe the scope, approach and methodologies for multi-node tests design, including basic test design principles >

5.1
Test setup
<Editor’s note: Include contents related to test setup, connections and interfaces >
Some basic principles to design the tests are listed as below:

· Tests should be conductive tests to easily control and repeat the tests considering the test feasibility. 

· Performance of single 20MHz channel should be tested in this version of the technical report. 

· Only channel access priority class capabilities which are declared by the LAA node should be tested. Maximum of two representative priority classes, e.g. Priority class 3 and Priority class 1 should be tested.

· The metric of throughput is used as criteria for Priority class 3 and VoIP traffic outage is used as criteria for Priority class 1.
5.1.1
Number of nodes

Two DL nodes should be considered in a test. Each DL node (LAA BS/Wi-Fi AP) connects to only one UL node (UE/STA) in the test setup.
5.1.1
Test signal levels
5.2
Test equipment
<Editor’s note: Include contents related to parameters and descriptions for devices under tests >

5.2.1
Measurement equipment

5.2.2
LAA eNB and UE device configurations
5.2.3
WiFi AP and STA device configurations
6
Multi-node Test cases for LAA
6.1
Throughput test

<Editor’s note: Include contents related to throughput tests >

6.1.1
Test purpose

6.1.2
Test procedure

6.1.3
Test metric

6.1.4
Test results
6.2
Outgae tests

<Editor’s note: Include contents related to channel access priority tests >

6.2.1
Test purpose

6.2.2
Test procedure

6.2.3
Test metric

6.2.4
Test results

6.3
Third test (Example)
<Editor’s note: More such sections can be added if needed >

6.3.1
Test purpose

6.3.2
Test procedure

6.3.3
Test metric

6.3.4
Test results

7
Conclusion
<Editor’s note: Briefly provide generic conclusion for the multi-node tests >

Annex <A>:
<Annex title>

Annexes are only to be used where appropriate:

Annexes are labelled A, B, C, etc. and are "informative"(3GPP TRs are informative documents by nature).

A.1
Heading levels in an annex

Heading levels within an annex are used as in the main document, but for Heading level selection, the "A.", "B.", etc. are ignored. e.g. A.1.2 is formatted using Heading 2 style.
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