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Introduction
A new study item on “Multi-node tests for LAA” was recently approved in RAN#72 [1]. The main goal of the study item is to “to investigate 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”. The multi-node tests will be captured in a Release 13 Technical Report (TR).
In this contribution we focus on what we believe is the most relevant test category, i.e. the throughput tests. We will propose a generic procedure which can be adopted for the specification of throughput tests and we will provide some general observations about the test setup. 
Discussion
Many key aspects of the multi-node tests were already agreed in [3]. As a general principle, it was agreed to “focus on few key cases which can be easily reproduced and not add unnecessary tests”. It was also recognized that one of the most relevant test to be defined by RAN4 is a throughput test, i.e. a test in which the pass/fail criteria is based on throughput measurements. Therefore, it is natural to focus on this set of tests as a first priority for the multi-node test TR.
In the following, after providing some background information about the new RAN4 study item on multi-node test (section 2.1), we will propose a specific test procedure for the definition of throughput tests (section 2.2) and will also make some general observations which need to be taken into account when specifying the key parameters to be adopted in the test (section 2.3).
[bookmark: _Ref458521733]Background information about multi-node tests.
Although multi-node tests were discussed for several meetings [2][4][6], a specific study item to address such kind of coexistence tests was only approved in the last RAN plenary meeting [1]. The objective of the study item is consistent with the way forward approved in RAN4#79 [3], in particular the following goals shall be met by the multi-node testing:
1. The tests shall be designed in a way that cross technology coexistence can be achieved. More specifically, the impact for both LAA to other systems, e.g. Wi-Fi and other systems e.g. Wi-Fi to LAA should be tested.
1. The testing complexity should be kept as low as possible so it can be easily performed by the operators who have different systems deployed in the same area.
1. The tests shall be easily extended to include future systems such as eLAA in Rel-14.
The outcome of this SI is a TR that will capture the agreed multi-node tests for Rel-13 LAA. It is worth noticing that a skeleton TR was already proposed in [5].  
[bookmark: _Ref458521771]Proposal for Multi-node throughput test
[bookmark: _Toc450948082]As already mentioned, we believe that defining an accurate and meaningful throughput test is the first priority for RAN4. 
The goal of the throughput test verification is to ensure coexistence between two devices sharing the same channel in Band 46. Throughput is the metric which is used to determine the pass fail criteria. An illustration of the test setup is shown in Figure 1. It is worth reminding that following the RAN4 agreement in [3], all multi-node tests will be conductive tests. The test configuration is made of the following elements:
· Node A and B are the downlink nodes
· Node C and D are the companion devices attached to Node A and B, respectively
· Link A-C and Link B-D represent the desired signals
· Link A-D, B-C and Link A-B represents interfering links


[bookmark: _Ref458175898]Figure 1. Test setup for the throughput test.
The test is defined by specifying the nodes involved in the test procedure and the energy level for desired and interfering signals. One or more tests can be specified based on the diagram in Figure 1.   
Throughput Test 1.
The goal of this test is two evaluate the impact from LAA DL node (eNodeB) to Wi-Fi node. The test consists of the following steps:
1. Baseline: Wi-Fi to Wi-Fi. In this step Node A and Node B are Wi-Fi APs, Node C and Node D are Wi-Fi STAs.
2. LAA and Wi-Fi coexistence. In this step Node B is replaced with LAA eNodeB and Node D is replaced with LAA UEs
The following values are specified for the desired signal and interferer links:
· Desired signal links: the coupling losses in Link A-C and Link B-D are set in such a way that:
· the received signal from Node A to Node C is -70dBm
· the received signal from Node B to Node D is -70dBm
· Interferer signal links: the coupling losses in Link A-D, Link B-C and Link A-B are set in such a way that:
· the received signal from Node A to Node D is -70dBm
· the received signal from Node B to Node C is -70dBm
· the received signal from Node A to Node B is -70dBm
The detailed test procedure is described in the following:
1) Step 1: definition of Wi-Fi to Wi-Fi baseline
a) Define a set of Wi-Fi APs and associated Wi-Fi STAs (terminal devices). In total TB1 APs and TB2 STAs need to be considered, composing a total number of TB3 AP-STA sets.
b) Fix Link A-C with one specific AP and one specific STA model taken from the sets defined in a). The wanted signal level for the Link A-C is as specified above. This is the Reference Link.
c) For Link B-D, pick one AP from the set of vendors identified in a), and associate a STA from the set identified in a). The wanted signal level for the Link C-D is specified as above. This is the Aggressor Link. TB3 different configurations need to be considered for the Aggressor Link in order to evaluate all the possible devices composing the sets defined in a).
d) The Interferer signal links are set as specified above. 
e) Push full buffer DL UDP traffic for the reference link.
f) For Link B-D, push DL UDP traffic with different traffic profiles (full buffer or additional profiles if agreed).
g) Record the throughput achieved by the Link A-C averaged over 1 minute.
h) Repeat TBD4 times. There will be total of TBD3 x TBD4 points per traffic profile.
i) Plot the CDF obtained from the data points in g) and determine the mean.
2) Step 2: evaluating the impact from LAA to Wi-Fi	
a) Step 1 is repeated by replacing the nodes in Link B-D with LAA eNodeB (Node B) and LAA UE (Node D). The wanted signal level for the Link C-D is specified as above.
b) The Interferer signal links are set as specified above.
c) Performance of the Link A-C is recorded.
d) Pass/Fail Criteria. The test is passed if Link A-C achieves more than 90% of the mean throughput specified in Step 1) i) for the same traffic profile.
[bookmark: _Ref458526452]General observations 
The procedure defined in Step 1 and Step 2 of Throughput Test 1 is a generic and flexible procedure based on which different tests can be derived. Test 1 has been specified by considering specific coupling losses across the Links in Figure 1, a new test can be simply created by setting different coupling loss values based on RAN4 agreements. 
Another observation is that the same procedure defined for Test 1 can be adopted to define a test addressing the impact from Wi-Fi to LAA nodes. In this case, in the baseline Node A and B will be LAA eNodeB, while Node C and D will be LAA UEs.
We propose to include the test procedure defined for Throughput Test 1 in TR 36.789.
Proposal 1: to include the test procedure defined for Throughput Test 1 in TR 36.789.
Conclusions
In this contribution we proposed a specific methodology for the throughput test to be defined in the LAA multi-node test technical report. Although, we only described a specific test setup addressing the impact from LAA eNodeB to Wi-Fi nodes, the same procedure can be adapted an extended to evaluate different configurations. The following proposal was made:
Proposal 1: to include the test procedure defined for Throughput Test 1 in TR 36.789.
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