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1. Introduction
The way forward on coexistence tests for LAA [1], includes  LBT core requirements, LBT functionality tests (LBT essential test) and also multi-node tests, which was agreed in RAN4#77 meeting held in San Jose Del Cabo. 

LBT functionality tests are included in the performance part of LAA Rel-13 WI and will be captured in BS conformance test specification TS 36.141. For multi-node test, it was agreed in [1] that this test should be captured in a new Technical Report. Therefore, RAN4 has send the LS [2] to RAN and asked RAN to define a new RAN4 TR for documenting multi-node tests for LAA operation.
In Nokia contribution [5] some of the multi-node test issues have been discussed. Further aspects are provided in this contribution.
2. Discussion
To ensure high-level co-existence performance, LBT core requirements need to be tested. In agreed WF [1], functionality tests will include: 

· Testing the Energy Detection (ED) threshold and detection accuracy
· Testing Max Channel Occupancy Time (MCOT)
· Minimum Idle time tests
We proposed the test procedures for the above essential tests in discussion paper [3] and associated CR [4]. 
Multi-node tests represent additional tests  in addition to the essential LBT tests. Such multi-node tests are designed to test coexistence with other wireless systems which use unlicensed spectrum, for example Wi-Fi or other LAA system used by other operator. Thus, during design of multi-node test for LAA, repetition of the tests or part of the tests, which will be covered in Base Station conformance specification, should be avoided.
Observation 1: Multi-node test should not duplicate LBT essential test which will be specified in BS conformance test specification.
Multi-node tests WF [1] contain the following agreements (copy from WF): 
· All tests should be conductive tests
· Agreed to use two nodes, the number of stations is FFS.
· Agreed to use one channel for the tests, i.e. single carrier tests.
· Agreed to use 20 MHz channel BW.
· Channel access priority: 
· Agreed to have a maximum of two priority classes
· Details are FFS
· Whether we test the priority classes simultaneously or not is also FFS.
· Metrics to use in the tests
· Throughput is the metric for a best effort service. 
· Other metrics are FFS, depending on priority classes chosen.
· Scope of multi-node tests
· Agreed to target “cross-technology fairness”. 
· Should focus on few key cases which can be easily reproduced and not add unnecessary tests.
· Performance tests should include LAA to LAA and LAA to Wi-Fi performance
· Agreed to test for high load, other loads FFS.
· Whether to test Rx signals above ED threshold, or below ED threshold or both are FFS.
· How to capture multi-node tests
· Develop text for a new TR in RAN4
· Propose the creation of a TR in an LS to TSG RAN.
Above agreed points related to multi-node test are the first step towards designing multi-node tests which will be captured in a new TR. Some agreed multi-node tests aspects in [1] are for FFS and require further study. 
It is already agreed that multi-node test should ensure “cross-technology fairness”. Thus, multi-node test procedure should be technology neutral and can be applied to various technologies in unlicensed band. However, it should be noted that  RAN4 multi-node test considered currently should  focus on LAA and Wi-Fi systems, with aim to perform the tests which test fairness of unlicensed spectrum sharing.
Observation 2: RAN4 LAA multi-node test design should be technology neutral as much as possible (focus on LAA and Wi-Fi performance to be kept).

Proposal 1: RAN4 should design an adequate  multi-node test to ensure appropriate level of performance assessment.
As throughput degradation metric for multi-node tests is a reasonable parameter (which can be used to check the impact  of one system on the  performance of another system, e.g. LAA to WiFi), Wi-Fi and LAA test can be done with the following steps:

· Step 1: Wi-Fi throughput in the presence of other Wi-Fi node should be used as the baseline (Wi-Fi to Wi-Fi). 
· Step 2: One Wi-Fi node is replaced by a LAA node. Wi-Fi node throughput is measured in the presence of LAA node (LAA to Wi-Fi). 
· Step 3: Throughput degradation (if any) can be determined from above steps.
In the above,  same network parameters for the victim Wi-Fi node should be used to allow fair comparison of throughput degradation. 
Proposal 2: Throughput degradation should be used as a metric for multi-node test evaluation.
WF [1] agreed that multi-node test should include LAA to LAA and LAA to Wi-Fi performance. We think that test should cover the performance test which include Wi-Fi to LAA performance. For this case in Step 1 LAA-LAA throughput is used as the baseline. Then in Step 2 one LAA node is replaced by a Wi-Fi node, and LAA node throughput is measured in the presence of Wi-Fi node (Wi-Fi to LAA).
Proposal 3: Multi-node test should cover also Wi-Fi to LAA performance. 
Based on the throughput degradation metric, it is possible to create target criteria for pass or fail multi node test. There are two main possibilities for criteria of pass or fail test. One of them is to consider certain level of throughput degradation in percentage [tbd%]. Second option is to consider absolute throughput value, which need to be met to pass the multi-node test.
Proposal 4: RAN4 should consider criteria for multi-node test evaluation.
One of the key aspect, which need to be considered for multi-node test, is the level of received signal which is used by one node to receive from other node.  It is possible to use received signals which are above or below ED threshold. The ED threshold for LAA agreed in 3GPP specification is -72dBm/20MHz. The same level is used in harmonized specification in ETSI BRAN EN 301 893 [6]. All new systems, including LAA and 802.11ax, will use this ED threshold in order to achieve symmetry and harmonization. The adopted ED threshold of -72dBm/20MHz was carefully considered during 3GPP work. LBT mechanism uses this threshold in order to achieve fair coexistence between LAA and other systems (e.g. Wi-Fi) in unlicensed 5GHz band. Considering this important issue for multi-node test, Rx signals which are equal or above ED threshold should be used. The ED threshold level agreed in 3GPP specification, which is also the same level as eg. in ETSI harmonized standard ensure proper co-existence between systems in unlicensed band.  

Proposal 5: We propose to test Rx signal equal or above energy detection threshold.
In WF [1], it was agreed that for LBT functionalities tests (ED thresholds and detection accuracy, MCOT, minimum idle time) -72dBm/20MHz energy detection threshold will be used. This level is also in Nokia LBT performance test proposal [3, 4] for BS conformance specification. As this level will be used in the future for all systems (including 802.11ax), it is reasonable to use it also for multi-node tests.
Proposal 6: RAN4 should consider -72dBm/MHz as ED threshold for multi-node test.

Proposal 7: We propose to test maximum two representative priority classes only if LAA BS is capable to transmit using more than one class. Two classes may not be tested simultaneously. 
3. Conclusion

In this contribution, we further discuss multi-node tests. We have made the following observations and proposals:
Observation 1: Multi-node test should not duplicate LBT essential test which will be specified in BS conformance test specification.
Observation 2: RAN4 LAA multi-node test design should be technology neutral as much as possible (focus on LAA and Wi-Fi performance to be kept).

Proposal 1: RAN4 should design an adequate multi-node test to ensure appropriate level of performance assessment.

Proposal 2: Throughput degradation should be used as a metric for multi-node test evaluation.
Proposal 3: Multi-node test should cover also Wi-Fi to LAA performance

Proposal 4: RAN4 should consider criteria for multi-node test evaluation.
Proposal 5: We propose to test Rx signal equal or above energy detection threshold.
Proposal 6: RAN4 should consider -72dBm/MHz as ED threshold for multi-node test.

Proposal 7: We propose to test maximum two representative priority classes only if LAA BS is capable to transmit using more than one class. Two classes may not be tested simultaneously.
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