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Introduction
A way forward on LAA coexistence tests was recently approved in RAN4 #78bis. The WF provided a clear plan for the work to be performed in RAN4 on LBT tests and multi-node tests [1]. In this contribution we address LBT tests definition. Following the rationale provided in [2], we discuss a possible approach for an LBT test with dynamic interference. 
Proposal for LBT test back-off test
As described in [1], LBT tests are functional tests whose scope is to test the essential LBT functionalities specified in the RAN1 technical specifications. In [2], we classified the LBT tests in two main categories: tests with no interference or static interference and tests with dynamic interference. In this paper we address the latter one, i.e. test whose goal is to evaluate the dynamic behavior of the back-off mechanism. The goal of a test with dynamic interference is to evaluate the adaptation of the contention window (CW), i.e. the truncated exponential back-off behavior of the contention window mechanism. In other words, this test will verify that the BS updates its contention window. 
In [3] we already proposed an approach based on statistical measurements performed from the test equipment, however we did not receive positive feedback. In the following we will simplify our proposal by considering the possibility to inject a specific ACK/NACK pattern in the DUT.
Since the adaptation of the CW at the BS is triggered by the ACK/NACK of the first DL subframe received by the served UEs, one easy way to test the CW update is to force an ACK/NACK input patter and then observe the BSs idle item. In other words, the TE connected to the BS will send a predetermined ACK/NACK pattern regardless of the actual success/failure pattern. In this way we can infer about the BS behaviour. To explain this we will provide few examples. Note that in the following part of this document, ACK/NACK pattern will always refer to the ACK/NACK of the first DL subframe.
Example A: all NACKs
The BS starts to transmit and always receive NACKs. In this case, the CW will rapidly evolve from CWmin to CWmax. In a stable condition in which the CW is always equal to CWmax, the average idle time (AIT) in usec can be computed as:

Where  and  are the defer time and maximum CW size defined in TS 36.213 specifications (Table 15.1.1-1, [4]), respectively.
Based on Td = 43 us and CWmax = 63, the average CW is 63 so the expected AIT is 326.5us.
The formula reflects the fact the random back-off generation is based on a discrete uniform distribution between 0 and . One additional aspect is the possible reset of  to  after  consecutive NACK signal, as specified in [4], which causes that the AIT will be based on a different average CW. With K = 7, for instance, the average CW is 51.6 in this case, so the expected AIT is 275.2 us.

Example B: alternating ACKs/NACKs
In the case ACKs and NACKs alternate with the following pattern: 
…ACK  NACK ACK NACK ACK NACK…
and assuming the starting value for the CW is CWmin, the evolution of the CW will be the following:
…CWmin2xCWmin+1CWmin2xCWmin+1CWmin2xCWmin+1…
In a stable condition the AIT can now be computed as:
 
For CWmin =15, the average CW is 23 in this case, so the expected AIT is 146.5 us.
Because CW resets to CWmin for every ACK, the impact of possible distortion on the ACK/NACK channel from the TE to the DUT is likely to be small. 
Example C: alternating ACKs/NACKs with ACK  ACK  NACK pattern
This example is very similar to Example 2, but with a slight different pattern:
…ACK –> ACK  NACK  ACK  ACK  NACK  ACK  ACK  NACK…
Which causes the following CW pattern:
…CWminCWmin2xCWmin+1CWminCWmin2xCWmin+1CWminCWmin2xCWmin+1…
The average CW for this pattern is (4*CWmin +1)/3 and thus AIT can be computed as: 

For CWmin = 15, the average CW is 20.3 in this case, so the expected AIT is 134.5us.
Example D: all ACKs
In this case it can be easily verified that AIT is given by:

For CWmin = 15, the average CW is 15 in this case, so the expected AIT is 110.5us.
This corresponds to the AIT available for the test case with no interference, as proposed in [5].
A summary of the AIT produced by the three example bellows is shown in Table 1. 
A possible test procedure could be based on the observation of the AIT. In other words:
· The DUT (i.e. BS) transmits full buffer
· The TE inject a specific ACK/NACK pattern regardless of the decoding success/failure sequence
· The test is passed if the measured AIT is larger than the target AIT minus some TBD margin (10% for instance)
The procedure will be very similar to the one outlined in [5] for the non-interference case, the main difference being the measure of AIT instead of the minimum idle time. 
We invite companies to provide feedback on the proposed methodology. If RAN4 decide to use this approach the margin and the aspects pointed out in the Notes of Table 1 need to be further discussed.
Of course, a fundamental question RAN4 needs to ask is whether the test presented above is needed as a functional test. In other words, multi-node tests will already cover the BS behavior in the presence of interference, therefore testing this aspect as part of the LBT tests might not be needed.  
[bookmark: _Ref450912426]Table 1. Average Idle Time for different ACK/NACK patterns.
	Example
	ACK/NACK pattern of the first DL subframe (0 means ACK, 1 means NACK)
	Target AIT in stable conditions [usec]
	Target AIT for Best Effort traffic priority [usec]
	Notes

	A
	…111111111111111111…
	
	326.5 (no reset) 
275.2 (K=7)
	CW reset causes a lower target AIT

	B
	…010101010101010101…
	
	146.5
	

	C
	…001001001001001001…
	
	134.5
	

	D
	…000000000000000000…
	
	110.5
	



Conclusions
[bookmark: _GoBack]Following the classification of LBT tests introduced in [2], in this contribution we introduced a possible procedure to perform LBT test in the presence of dynamic interference, i.e. a back-off mechanism test. Our approach is based on a fixed sequence of ACK/NACK injected into the DUT. The scope of the test is to verify that the average idle time (AIT) is above a target threshold. For the specific proposed patterns, the threshold can be computed analytically. 
RAN4 needs also to discuss whether the testing aspects addressed in this contribution will be already covered by the definition of multi-node tests.
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