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Introduction
During the RAN4 meeting #77 in Anaheim, a way forward on coexistence tests for LAA was approved [1]. A clear distinction between LBT tests and multi-node node tests was made, and a time plan was agreed.
In this contribution we address the LBT tests and we propose a possible approach for the definition of the LAA LBT back-off procedure test in TS 36.141.

LBT tests
In this contribution we focus on LBT test since this is the first priority as agreed in [1]. Because Rel13 LAA only allows DL transmission in Band 46, the proposed methodology only applies to Base Station specifications, i.e. to TS 36.141.
In [4], we clarified the two essential elements that LBT tests need to cover: 
· the channel sensing procedure in which the channel will be declared free or busy based on an energy detection threshold
· the back-off mechanism which will be used to postpone the transmission when the channel is detected to be busy
In the following subsection, we provide detailed proposal for the back-off mechanism test. 
LBT back-off procedure test
The goal of this contribution is to provide general guidelines on how a back-off test could be defined. The test equipment (TE) needs to be able to inject a specific input pattern into the channel, which will trigger adaptation of the contention window at the DUT, based on ACK/NACK information received from the testbed UE. Since the CW size at the DUT will likely not be accessible to the test equipment and the number of back-off slots will be randomly selected, the test will necessarily involve the test equipment to record channel access statistics and verify that the observed metrics are within the specified range.
A first observation is that there is a direct relationship between the average idle time between transmissions on the channel and the number of full buffer nodes that interact above Energy Detection (ED) threshold in the network. This observation can be used in the reverse by having the TE operate at a fixed CW, to emulate an average gap and therefore the presence of a certain number of full buffer nodes. A fixed CW can for example be realized by setting CWmin = CWmax = CW at the TE. An exemplary relation between the CW at the TE and the emulated number of full buffer nodes is shown in Table 1.
[bookmark: _Ref316309196][bookmark: _Ref442717659]Table 1. Example relationship between the selected CW at the TE and the emulated number of full buffer nodes.
	Selected CW at the TE
	Emulated number of full buffer nodes

	3
	TBD

	7
	TBD

	15
	TBD

	17
	TBD

	…
	…



A second observation is that there is also a known relation between each selected CW at the TE and the average number of times the back-off at the TE is interrupted by a transmission by the DUT (that is, when the DUT indeed implements the right CW update procedure). An example relationship between the selected CW at the TE and the average number of back-off interruptions (BI) at the TE is shown in Table 2.
[bookmark: _Ref316310130][bookmark: _Ref316310126]Table 2. Relationship between selected CW at the TE and expected BI when connected to the DUT.
	Selected CW at the TE
	Expected average BI at the TE

	3
	TBD

	7
	TBD

	15
	TBD

	17
	TBD

	…
	…




The test equipment connected to the DUT will record the number of back-off interruptions (BI) during its attempts to transmit using the selected CW. The measured BI by the TE should be within a given range for the DUT to pass the test. Even in this case the acceptable BI range can be obtained by running a full buffer simulation with all nodes seeing each other above ED threshold. The outcome of this simulation can be a table where the expected BI is recorded as a function of the selected CW, as shown in Table 2.
To summarize the above observations, a test procedure for the back-off procedure can be summarized as follows:
1. The DUT is connected to the test equipment and operating in normal conditions, i.e. without interference.
2. The TE is an exponential back-off device with fixed CWmin=CWmax. CWmin and CWmax are selected based on Table 1.
3. The TE is connected to the DUT. The DUT sees the TE above ED level (> -72 dBm/20MHz).
4. Both TE and DUT transmit full buffer
5. The TE records the BI over a window of time (sufficient to have enough statistics)
6. The BI recorded by TE is compared to a look up table based on Table 2.
7. If the measured IPT value is within a specified range compared to target value, DUT passes the test.
An example of test setup is shown in Figure 1: the BS is connected to the UE and will update its CW based on the received ACK/NACK, the TE generates the interferer pattern above ED and will measure the back-off interruptions.
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[bookmark: _Ref442193120]Figure 1. Example of test setup for the LBT back-off test. 
The proposed methodology allows to highly simplify the back-off test. There are several parameters which determines the back-off behaviour, including deferral time, min and max contention window size. Those parameters also change based on the access category. With the above proposal, RAN4 needs to select one (or few scenarios) with a specified access category and then derive the TBD values in Table 1 and Table 2.
Conclusions
In this contribution we analysed a possible procedure to perform LBT back-off mechanism test in RAN4. The methodology is based on the observation that there is direct relationship between the number of nodes operating in the network and the contention window size selected by those nodes. The test equipment can select a fixed window size to emulate a number of nodes. The test than consists in connecting the test equipment to the DUT and measuring the back-off interruption during the count-down procedure at the test equipment, while DUT and test equipment see each other above ED threshold. For the DUT to pass the test, the measured number of interruptions must be within a specified range determined through simulations.
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