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Introduction
During RAN plenary in June 2016, a new study item has been approved in [1]. Previously, a way forward has been agreed on coexistence tests for Rel-13 LAA in RAN4#78bis [2] and a further way forward have been approved in RAN4#79 in [3]. 
The coexistence tests are divided in two parts: LBT functionalities tests and multi-node tests. These tests are captured in TS36.141 in RAN4#79 meeting.  In this contribution, we provide more detailed understanding on multi-node tests. 
Multi-node tests
The latest agreements are described in [3]. 
In this section, we discuss the open issues on multi-node tests.
Multi-node test setup
An important issue is to decide on how many nodes are connected for the multi-node tests. We propose to include one LAA node, one WiFi AP, one LAA UE and one WiFi STA for the multi-node test setup.  
As common understanding, the LAA UE will be connected to LAA BS and WiFi STA will be connected to WiFi AP. The detailed connection setup can vary depending on the implementation of the test setup.
An example setup is shown below in Figure 1.
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The basic setup will be that both LAA node and WiFi 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 WiFi AP.
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:
	
	Transmitter
	Receiver
	Comparison 
	Criteria

	Case 1:
	LAA
	WiFi
	WiFi-WiFi
	Impact of LAA transmitter on WiFi throughput: 2nd receiver system achieves certain level of throughput, its WiFi STA in this case.

	Case 2:
	WiFi
	LAA
	LAA-LAA
	Impact of WiFi transmitter on LAA throughput: 2nd receiver system achieves certain level of throughput, its LAA UE in this case.



LAA-LAA setup is quite well understood, since Rel-13 spec based LAA BS can be used as DUT for LAA-LAA setup. However, it remains to be seen how to define WiFi-WiFi setup. There can be a number of WiFi implementations, thus a number of WiFi-WiFi setups can be used for comparison. 

Test metric for throughput test
WiFi-WiFi benchmark should be defined based on multi-vendor and multi-standard (i.e. multi-generation WiFi systems) example of devices. For example, if there are three WiFi devices representing different vendors, standards and generations of WiFi systems, the throughput performance criteria need be defined based on statistics of throughput performance when WiFi(1)-to-WiFi(2), WiFi(2)-to-WiFi(3), and WiFi(3)-to-WiFi(1), setup is considered.  
As an example: If there are several  WiFi-WiFi cases which  achieves a minimum (or average) throughput of TPW1 TPW2 ,…, TPWn, and LAA-WiFi case for corresponding WiFi implementations achieves throughput of TPL1, TPL2, …, TPLn, then the following conditions need to be considered:
· CDF of WiFi-to.WiFi case
· CDF of LAA-to-WiFi case
For both cases above, the criterion can be any of the following:
· within x% of mean,
· within min/max, 
· within certain range, etc

Channel access priority class tests
In R4-162989, RAN4 has agreed to have a maximum of two priority classes. It is worth mentioning here that, from spec point of view, different priority classes are optional. So, it’s not mandatory to implement all priority classes, thus, an LAA node may only implement one priority class (as an example). Thus, it is understood that:
Observation: Tests should only be performed for channel priority class capabilities that are declared by the LAA node. 
As a result, if an LAA node is capable of performing only one channel priority class, then the LAA BS will be tested for only one priority class. Similarly, Maximum two priorities for node that can do anything more than one classes.
Test cases
In addition to previous test cases, another set of tests can be done for LAA BS that also implements priority class 1. The test case can be described as follows:
	
	Transmitter
	Receiver
	Comparison
	Traffic
	Criterion

	Case -3 
	LAA BS 
	WiFi AP
	WiFi-WiFi
	VoIP traffic in all nodes
	The criterion should be investigated in more detail. One possibility could be: outage should not be worse in second system receiver when the transmitter is replaced 

	Case- 4
	WiFi AP
	LAA BS
	LAA-LAA
	VoIP traffic in all nodes
	



Metric
For channel priority class 1, i.e. for VoIP traffic, the metric will be actually the outage that the victim devices experience. The outage can be defined as VoIP client behavior, such as when does the VoIP client drop the packets and how many percentage of the packets are dropped within a certain time frame? 

Load
In our opinion, best effort traffic model is generally more suitable for the tests. One underlying principle can be that, same level of traffic need to be considered for cases which are compared for performance. This means that, the traffic that is assumed for WiFi-WiFi in case 3 should also be used in LAA-WiFi case in case 3. In this way, the performance comparison will be more reasonable. 
Test signal levels
Test signal levels are an issue which should be carefully thought on. 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 WiFi RSSI statistics. This can be discussed further to find a suitable level. 
Thus, we describe two different RX signal level for tests, which are shown in Figure 2
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Δ =10dB could be a good choice. 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 much larger 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.
Conclusion
In this paper, we have summarized our understanding on some of the issues related to multi-node tests for Rel-13 LAA. We propose RAN4 companies to consider the above the discussions while finalizing the multi-node tests.
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