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Introduction
Multi-node tests study item was 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), namely TR 36.789.
In this contribution we make further clarifications and proposals to update the throughput tests definition which we proposed in [2]. 
Discussion
Many key aspects of the multi-node tests were already agreed in [5]. We already introduced a very detailed methodology for throughput testing in [2]. In the following section we will provide further clarification and additional setups.
[bookmark: _Ref458521771]Proposal for Multi-node throughput test
Figure 1 shows the test setup for the throughput test. As agreed in in [5], 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
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.   
For Link A-C and Link B-D, a specific working point should be specified. Since fixing the SNR could be problematic due to different noise figures available for different devices we propose to fix SIR. This can be done by simply fixing the ratio between Link A-C (or B-C) and Link B-D (or A-D). Therefore the procedure for set up should be the following:
· Fixing 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 X dBm
· the received signal from Node B to Node C is X dBm
· the received signal from Node A to Node B is X dBm
· Fixing SIR for Link A-C and B-D, e.g. Y dB
· Fixing SIR for Link A-C and Link B-D are set in such a way that:
· the received signal from Node A to Node C is X+Y dBm
· the received signal from Node B to Node D is X+Y dBm
The value of X and Y need to be agreed among companies. In order to have meaningful operating conditions reflecting real operations, our proposal is to fix Y=15dB (this is the target we use in many RAN4 analysis). Regarding X, we propose to test two values, one below ED threshold of -72dB/20MHz, and one above, as previously agreed in RAN4. 
For the below ED value, we suggest to fix X around -82dBm, i.e. -82dBm ± ΔB dB. The reason is simply that -82dBm is the preamble detection level for Wi-Fi, so it represents an interesting operating point from the coexistence test. The delta compared to -82dBm needs to be agreed, however our primary goal is to make sure the test is reproducible. For the above ED test, RAN4 should set up a value around -62dB, i.e. -62dB ± ΔA. The motivation here is that -62dBm represents an interesting value for coexistence, being the ED threshold adopted by Wi-Fi.



[bookmark: _Ref458175898]Figure 1. Test setup for the throughput test.
The test procedure is then made of the following steps (this test is two evaluate the impact from LAA DL node (eNodeB) to Wi-Fi node):
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
Regarding the Wi-Fi devices to be used in the test we propose to use APs and STAs from multiple vendors and, if agreed, multiple standards. The number of STA and AP needs to be agreed among companies. The important principle is that Wi-Fi devices used for the baseline should be off the shelf devices with default software configuration, as agreed in [3]. The main is reason is that the goal of multi-node tests is to show coexistence with a realistic population of Wi-Fi equipments.  
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 TBD1 APs and TBD2 STAs need to be considered, composing a total number of TBD3 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. TBD3 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 B-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, subject to realistic thresholding to prevent against skewed baseline behavior.
· e.g. the some Aggressor Links may turn out to be unduly reinquishing be medium at the expense of Aggressor Link thoughput, which should not be expected LAA behavor.
Text proposal for TR 36.789 
Below we provide few text proposals which can be included in TR 36.789.
<Start of Changes>
[bookmark: _Toc458776192]5.1	Test setup
The test setup is illustrated in Figure XX and 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
Node A and B can be Wi-Fi AP or LAA eNodeB. Node C and D can be Wi-Fi STA or LAA UE.
All the link are assumed connected at the antenna port, i.e. the multi-node test described in this TR are conductive tests.
· 

Figure XX. Test setup for the multi-node test.
The test is defined by specifying the nodes involved in the test procedure and the energy level for desired and interfering signals. The possible test signal levels are specified in section 5.1.1. 
[bookmark: _Toc458776193]5.1.1	Number of nodes
To create the baseline performance to be adopted for the pass/fail criteria, a total number of N1 downlink nodes and N2 uplink nodes shall be used. 
The specific AP and STA to be adopted in order to create Wi-Fi to Wi-Fi baseline are listed in Section X.X.X
[bookmark: _Toc458776194]5.1.1	Test signal levels
The test signal level to be adopted in the test shall be specified as follow:
The coupling losses in Link A-D, Link B-C and Link A-B in Figure XX shall be set in such a way that:
· the received signal from Node A to Node D is X dBm
· the received signal from Node B to Node C is X dBm
· the received signal from Node A to Node B is X dBm
The coupling losses for Link A-C and Link B-D shall be set in such a way that:
· the received signal from Node A to Node C is X+15 dBm
· the received signal from Node B to Node D is X+15 dBm
Two values for the interfering link shall be tested:
· Test Level 1 (below ED level): X1 dBm 
· Test Level 1 (above ED level): X2 dBm

<End of Changes>
In the following, the test procedure for the throughput test.
<Start of Changes>
[bookmark: _Toc458776202]6.1.2	Test procedure
The procedure is made 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

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). APs and STAs need to be considered, composing a total number of TBD3 AP-STA sets. The APs and STAs to be used are described in section X.X.X
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 in section 5.1.1. 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. TBD3 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 in section 5.1.1. 
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.
Step 2: evaluating the impact from LAA to Wi-Fi	
j) 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 B-D is specified in in section 5.1.1.
k) The Interferer signal links are set as specified above.
l) Performance of the Link A-C is recorded.
m) The test is passed the Pass/Fail criteria specified in section 6.1.3 is met.

[bookmark: _Toc458776203]6.1.3	Test metric
For the throughput test, the DUT passes the test if Link A-C in Step 2) of the test procedure defined in Section 6.1.2, achieves more than 90% of the mean throughput specified in Step 1) i) for the same traffic profile. 
Realistic thresholding to prevent against skewed baseline behavior shall be used. The thresholding method is TBD.
<End of Changes>

Conclusions
In this contribution we proposed a specific methodology for the throughput test to be defined in the LAA multi-node tests technical report. We propose to include the text proposals provided in this document in TR 36.879:
Proposal 1: to include the test proposals presented in this document in TR 36.789.
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