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Introduction
During RAN plenary in June 2016, a new study item has been approved in [1]. Previously, three way forwards [2],[3],[4]have been agreed on coexistence tests for Rel-13 LAA in RAN4#78bis, RAN4#79 and RAN4#80, respectively. 
The coexistence tests are divided in two parts: LBT functionalities tests and multi-node tests. LBT functionalities are captured in TS36.141 in RAN4#79 meeting and have been updated later. The multi-node tests will be captured in TR 36.789. 
In this contribution, we provide more detailed understanding on multi-node throughput tests. 
Multi-node throughput tests
The latest agreements are described in[4]. In this section, we discuss the remaining issues on throughput tests.
Throughput test setup
As agreed in [4], following test setup has been agreed as shown below in Figure 1.
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[bookmark: _Ref450916914]Figure 1 Test setup for multi-node tests for Rel-13 LAA [4]
As seen in the figure above, the setup includes one LAA node, one IEEE 802.11 AP, one LAA UE and one IEEE 802.11 STA for the multi-node throughput tests.  
The basic setup will be that both LAA node and IEEE 802.11 AP will operate in best effort traffic, i.e. in priority class 3. 
It is worth noting that we only concentrate on DL traffic in this setup. Thus, traffic is only expected in the LAA node and IEEE 802.11 AP.
Choice of devices for the test
The main purpose of the multi-node tests is to ensure fair coexistence of devices that operate in 5GHz unlicensed spectrum. In our context, the coexistence between IEEE 802.11 devices and LAA is the primary goal of these tests. Thus, the devices that will be included in the tests should cover all available 5GHz devices.
It has been agreed in [4] that,
· For IEEE 802.11 devices to be used in the test, both APs and STAs, they should be representative and taken off the shelf
· For LAA:
· LAA BS supplied by vendors
· LAA UEs should be representative and taken off the shelf

It is a necessity for the suitability of the multi-node tests to choose the devices for both LTE and IEEE 802.11 in a way so that, the selections are representative of the available technology variants and vendors. Thus, we propose that, 
Proposal-1: N commercial IEEE 802.11 AP and M commercial IEEE 802.11 STA devices from different vendors should be used. For IEEE 802.11 APs and STAs, the devices should come from multi-vendor and multi-standard (i.e. multi-generation IEEE 802.11 systems). N can be 3 and M can be 2.  
[bookmark: _GoBack]The above proposal is inline with latest conclusions made in WFA. 
RX signal levels
We have discussed RX signal levels in our previous contribution [5]. In the multi-node test design, the tests can be performed at least on two different signal levels at which the tested device listens to the channel for other active transmitter(s). These two levels are described below:
1. Since LAA threshold is at -72dBm/20MHz, we propose to define one test signal level at above -72dBm/20MHz. This level is used to verify basic functionalities. 
2. Another test signal level can be defined which is well below the ED threshold. This can be used to verify enhanced below ED functionality. One good value could be to consider a test signal level around IEEE 802.11 RSSI statistics. We propose to select this level as -82dBm/20MHz. 
In the test setup, the RX levels should be set as long as TRX links (i.e. IEEE 802.11 AP to IEEE 802.11 STA and LAA BS to LAA UE) experience reasonable SINR. One test case can be that, the SINR is set to 15dB for both links. 
It is worth noting here that: 
· The pass/fail criteria should not be the same for below ED test as for the above ED tests. Possibly, it makes sense for the below ED tests to allow a different variance. 
· For the below ED tests, it is reasonable to have non-full buffer load while performing the tests. As an example: low load could be used for below ED tests.
Based on the above, we propose the following:
Proposal-2: The tests can include two different RX signal levels, (1) above -72dBm/20MHz and (2) below -82dBm/20MHz.
· Use 4dB tolerance for above -72dBm/20MHz case and allow for different tolerance for below -82dBm/20MHz case. 
· The RX levels should be set as long as TRX links (i.e. IEEE 802.11 AP to IEEE 802.11 STA and LAA BS to LAA UE) experience reasonable SINR

Test pass/fail criteria
For both cases above, the criterion can be any of the following:
•	within x% of mean,
•	within min/max,  
•	within certain range, etc
We propose to use within 10% of the mean throughput as the pass/fail criteria. 
Proposal-3: Use within 10% of the 50%-ile of the mean throughput as the pass/fail criteria.
The pass/fail criteria should not be the same for below ED test as for the above ED tests. Possibly, it makes sense for the below ED tests to allow a much larger variance.

Throughput tests 
In throughput tests, it is verified whether a 5GHz device is able to receive certain level of throughput when other 5GHz systems are present in the band.
Test cases for throughput tests
The test cases are listed below:
	
	DUT A
	DUT B
	Comparison 
	Criteria

	Case 1:
	IEEE 802.11
	IEEE 802.11
	IEEE 802.11-IEEE 802.11
	Impact of IEEE 802.11 transmitter on IEEE 802.11 throughput: DUT B IEEE 802.11 system achieves certain level of throughput in presence of DUT A IEEE 802.11 system.

	Case 2:
	LAA
	IEEE 802.11
	LAA-LAA
	Impact of LAA transmitter on IEEE 802.11 throughput: DUT B IEEE 802.11 system achieves certain level of throughput in presence of DUT A LAA system.




Test procedure for throughput test
The throughput test configuration consists of following devices and links:
· DUT A and DUT B are two nodes which transmits towards corresponding companion nodes. DUT stands for device under test.
· CDUT A and CDUT B are two companion devices which are of the same RAT as DUT A and DUT B, respectively. CDUT stands for companion device under test.
The following signal levels are specified between different nodes:
· Received signal levels at DUT A and DUT B are set to X dBm. X ϵ {-72+∆1, -82-∆2}, where ∆1 and ∆2 are tolerance values in dB. Here, as an example, ∆1 =4dB and ∆1 =2dB. 
· Desired and interfering links are set in a way so that, CDUT A and CDUT B experience reasonable SINR level. One example could be 15dB SINR for DL in both links.  
Case-1: Determination of baseline
The steps for case-1 are detailed below:
1. N number of IEEE 802.11 APs and M number of IEEE 802.11 STAs will be chosen, which will be used as corresponding DUT As and CDUT As.
2. Create DUT A to CDUT A link using one specific IEEE 802.11 AP and corresponding IEEE 802.11 STA as selected in step 1. This is refered to as Link A. 
3. Create DUT B to CDUT B link using one specific IEEE 802.11 AP and corresponding IEEE 802.11 STA as selected in step 1 (i.e. from remaining devices as selected in step 1 after performing step 2). This is refered to as Link B.
4. Interconnect all the devices as shown in Test setup in Figure xx. 
5. Set the received signal levels at CDUT A and CDUT B so that YdB SINR level is experienced at the CDUTs. Y can be 15dB, as an example.
6. Similarly, set the received signal levels as DUT A and DUT B as XdBm, where the value of X can be set as (-72+∆1)dBm.
7. Transmit full buffer DL UDP traffic for both Link A and Link B. Upon agreement, different traffic profiles can be used for Link A and Link B.
8. The aggregated throughput performance at CDUT A is captured over certain time window T1. T1 is FFS.   
9. Step 8 is repeated for at least Z times. Z is chosen such that Z*N provides a good number of samples to create CDF of aggregated throughput per traffic profile.
10. Step 2-9 is repeated (N-1) times by selecting new pairs DUTs and CDUTs.
11. The aggregated throughput CDF for (-72+∆1)dBm received signal level is created using the data received in Steps 9 and 10.
12. Above Step 2-11 are repeated for a new received signal level, i.e. (-82-∆2)dBm.  

Case-2: Coexistence case
1. N number of IEEE 802.11 APs and M number of IEEE 802.11 STAs will be chosen, which will be used as corresponding DUT As and CDUT As.
2. One LAA eNodeB and one LAA UE will be chosen, which will be used as corresponding DUT B and CDUT B.
3. Create DUT A to CDUT A link using one specific IEEE 802.11 AP and corresponding IEEE 802.11 STA as selected in step 1. This is referred to as Link A. 
4. Create DUT B to CDUT B link using the LAA eNodeB and corresponding LAA UE as selected in step 2. This is referred to as Link B.
5. Interconnect all the devices as shown in Test setup in Figure xx. 
6. Set the received signal levels at CDUT A and CDUT B so that YdB SINR level is experienced at the CDUTs. Y can be 15dB, as an example.
7. Similarly, set the received signal levels as DUT A and DUT B as XdBm, where the value of X can be set as (-72+∆1)dBm.
8. Transmit full buffer DL UDP traffic for both Link A and Link B. Upon agreement, different traffic profiles can be used for Link A and Link B.
9. The aggregated throughput performance at CDUT A is captured over certain time window T1. T1 is FFS.   
10. Step 8 is repeated for at least Z times. Z is chosen such that Z*N provides a good number of samples to create CDF of aggregated throughput per traffic profile.
11. Step 2-9 is repeated (N-1) times by selecting new pairs DUT A and CDUT A (i.e. from remaining devices as selected in step 1 after performing step 3).
12. The aggregated throughput CDF for (-72+∆1)dBm received signal level is created using the data received in Steps 10 and 11.
Above Step 3-12 are repeated for a new received signal level, i.e. (-82-∆2)dBm.

Test metric for throughput test
The CDF obtained in Case-1 and Case-2 are compared. The 50%-ile of the mean throughput in case-1 and case-2 can be defined as THP1 and THP2. The LAA eNodeB will pass the test, if any of the following conditions are met:
1. 
2. 

Conclusion
In this paper, we have described our proposals related to multi-node throughput tests. The proposals are listed below:
Proposal-1: N commercial IEEE 802.11 APs and M commercial IEEE 802.11 STAs devices from different vendors should be used. For IEEE 802.11 APs and STAs, the devices should come from multi-vendor and multi-standard (i.e. multi-generation IEEE 802.11 systems).  N can be 3 and M can be 2.
Proposal-2: The tests can include two different RX signal levels, (1) above -72dBm/20MHz and (2) below -82dBm/20MHz.
· Use 4dB tolerance for above -72dBm/20MHz case and allow for different tolerance for below -82dBm/20MHz case. 
· The RX levels should be set as long as TRX links (i.e. IEEE 802.11 AP to IEEE 802.11 STA and LAA BS to LAA UE) experience reasonable SINR
Proposal-3: Use within 10% of 50%-ile of the the mean throughput as the pass/fail criteria.
Based on these proposals and based on the discussions above, we propose a TP in [6].
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