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1. Introduction
Last RAN4#80 meeting held in Gothenburg, Sweden, further Way Froward [1] on LAA Multi-node testing was agreed, which capture some baseline agreements on configuration and test procedure for Multi-node tests. In particular, agreed WF covers following agreements:
Devices for the tests:
a) For Wi-Fi devices to be used in the test, both APs and STAs, they should be representative and taken off the shelf
b) For LAA:
· LAA BS supplied by vendors
· LAA UEs should be representative and taken off the shelf
c) FFS: How to choose Wi-Fi and LAA devices that are used in the tests
The following test setup is assumed as baseline for further discussions:
[image: ]
It was agreed that for LAA devices, the above test setup should be used for evaluating both licensed and unlicensed bands.
Regarding device parameter settings following agreements were achieved:
· For Wi-Fi devices, both APs and STAs, the default setting is used
· For LAA:
· LAA BS: detailed settings are FFS
· LAA UEs: the default setting is used
· The parameter settings in the test should be documented for test repeatability
· Repeatability of the tests shall be ensured
Basic principles of test procedure are as follow:
· To verify co-existence performance between different systems, e.g. LAA to Wi-Fi and Wi-Fi to LAA, each test consists of two steps:
1. Baseline test: The performance between the same systems should be tested first and recorded as the baseline. 
1. Exact baseline performance curve is FFS
2. Coexistence test: Replace one Wi-Fi AP with an LAA BS if Wi-Fi is a victim  or one LAA BS with a Wi-Fi AP if LAA is a victim and redo the test and record the performance. That means  victim Wi-Fi throughput/outage in the scenario of Wi-Fi to Wi-Fi should be the baseline for the scenario of LAA to Wi-Fi; while victim LAA throughput/outage in the scenario of LAA to LAA should be the baseline for the scenario of Wi-Fi to LAA. 
· Detailed procedure is FFS
In this contribution, we discuss further details for multi-node test. Some of details are more general and are applicable for all types of multi-node test, some other are related strictly to throughput test. 
2. Discussion
In this section, we provide our understanding and further details for multi-node tests procedure. In particular we discussed Wi-Fi and LAA devices for test, metrics for throughput test, interference signal level for test, and other throughput test conditions.

2.1 Wi-Fi and LAA devices for test
Appropriate choosing of devices for test, both for Wi-Fi and LAA is essential for ensuring that tests would  be a reliable and provide cross technology coexistence in 5 GHz unlicensed band. 
Currently on the market, there is a very wide range of Wi-Fi devices type, which may have different performance parameters, some of the Wi-Fi devices available on the market have fulfilled some Wi-Fi certification processes, but some have not. Some of Wi-Fi devices have simple implementation, some other are more advance. If for the test would be use only one, randomly choose Wi-Fi device, results of multi-node test may vary. Thus, we propose that used for multi-node tests Wi-Fi devices should be chosen as follows:
· Several (e.g. 5) Wi-Fi commercial devices available on the market, from different vendors. 
· For the baseline where performance between the Wi-Fis is tested and recorded, the test should be perform for each device separately, and after that statistic of baseline throughput should be derived as a CDF.
· For the coexistence test, where one Wi-Fi node is replaced, by an LAA node, the test should be perform for each Wi-Fi device used for baseline test. Similarly, coexistence throughput should be derived as a CDF. 
Proposal 1: Several (e.g.5) Wi-Fi devices should be chosen from available on the market, from different vendors.
With regard to the LAA devices for test, LAA BS is supplied by vendor and that LAA BS behavior is checked in terms of coexistence. Different from Wi-Fi devices, LAA devices use 5GHz unlicensed band only together with licensed band, thus all of them need to meet all 3GPP related requirements, including  LAA  mechanism designed for fair coexistence in unlicensed 5GHz band such as LBT. Also all LAA BSs need to meet additional performance requirements in TS 36.141, which ensure that LBT mechanism is implemented correctly. Thus, LAA performance and implementation is ensured at high level. In Rel-13 LAA is DL only, thus LAA UE has no impact for multi-node test, as there is no UL transmission in unlicensed band. Therefore LAA UE for test should be chosen as follow:
· [bookmark: _GoBack]LAA UE commercial device should be chosen from the real market. LAA UE must fulfill 3GPP specification requirements. 
Proposal 2: LAA UE commercial device should be chosen from the real market. LAA UE must fulfill 3GPP specification requirements.
Proposal 3: To ensure test repeatability, all devices used in test and their settings, should be identified and describe in test report.

2.3 Interference signal level for test
Interference signal levels have direct influence on multi-node test fairness. RAN4 agreed [2] to use two different signal levels, both below and above energy detection level for LAA (-72 dBm), which should be used to perform multi-node tests. 
For multi-node test we define interference signal levels which should be used for interfering link, however same signal levels should be used in a victim link. 
Interference signal level which is above ED threshold and can be used to verify basic functionality. For this case we propose interference signal level:
·  -62 dBm/20MHz
Regarding interference signal level which is below ED threshold and can be used to verify special conditions, we propose to use following signal level:
·  -82 dBm/20MHz

Proposal 4: RAN4 should consider following interference signal level for multi-node tests: -62 dBm/20MHz and -82 dBm/20MHz.
Proposal 5. It is proposed to use the same signals levels for victim link as would be use for interference signal levels.

2.2 Metrics for throughput test

Metrics for throughput test are necessary to evaluate pass or fail criteria for test. Table 1 presents type of scenarios and type of tests, which should be used for multi-node tests. These types of scenarios and tests are generic and should be used for other multi-node tests as well (e.g. for channel access procedure test).

Table 1. Type of scenarios and tests for multi-node test
	Type of scenario
	Type of test
	Victim link
	Interfering link

	LAA to Wi-Fi
	Baseline
	Wi-Fi AP with Wi-Fi STA
	Wi-Fi AP with Wi-Fi STA

	
	Coexistence
	Wi-Fi AP with Wi-Fi STA
	LAA BS with LAA UE

	Wi-Fi to LAA
	Baseline
	LAA BS with LAA UE
	LAA BS with LAA UE

	
	Coexistence
	LAA BS with LAA UE
	Wi-Fi AP with Wi-Fi STA



As was describe above in section 2.1, results of baseline test and coexistence test are CDFs for both baseline tests and coexistence tests. Based on these CDF results, it is possible to derive pass or fail criteria. Then throughput for baseline scenario is TPBL and throughput for coexistence scenario is TPCoex. Pass or fail criterion can be as follow:
· TPCoex ≥ [TBD %] of TPBL 
Above percentage [TBD %] of baseline throughput can be further discuss. We propose to use 90% of baseline throughput as a metric to pass the test.
Proposal 6: Based on CDF results, it is possible to derive pass or fail criteria. Pass criterion for throughput test can be as follow: TPCoex ≥ [TBD %] of TPBL.
Proposal 7: RAN4 should consider 90% or greater of baseline throughput as a metric to pass the test for -82dBm interfering signals. 

2.4 Other throughput test conditions
In table below, we provide a list of parameters, which are related to the test procedure and should be define in technical report.

Table 2. LAA and Wi-Fi parameters related to test procedure
	Channel bandwidth
	20MHz

	Channel (frequency) 
	TBD

	Traffic type
	TBD

	Carrier output power at Tx/Rx port for both baseline and coexistence tests
	TBD




3. Conclusion
In this contribution, we discussed further details for multi-node test. Some of details are more general and are applicable for all types of multi-node test, some other are related strictly to throughput test.
We have made following proposals:
Proposal 1: Several (e.g.5) Wi-Fi devices should be chosen from available on the market, from different vendors.
Proposal 2: LAA UE commercial device should be chosen from the real market. LAA UE must fulfill 3GPP specification requirements.
Proposal 3: To ensure test repeatability, all devices used in test and their settings, should be identified and describe in test report.
Proposal 4: RAN4 should consider following interference signal level for multi-node tests: -62 dBm/20MHz and -82 dBm/20MHz.
Proposal 5. It is proposed to use the same signals levels for victim link as would be use for interference signal levels.
Proposal 6: Based on CDF results, it is possible to derive pass or fail criteria. Pass criterion for throughput test can be as follow: TPCoex ≥ [TBD %] of TPBL.
Proposal 7: RAN4 should consider 90% or greater of baseline throughput as a metric to pass the test for -82dBm interfering signals. 
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