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Introduction
The Licence-Assisted Access (LAA) work item was approved in RAN #68 [1]. One of the design objectives of LAA is to “allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems”. In this contribution we discuss possible testing methodologies to be defined in RAN4 which will ensure that LAA meets the coexistence design targets. In particular, following the classification proposed in [2], we make proposals for the definition of core tests for the LBT procedures. 
In [2] we also emphasized the importance of LAA testing procedures as tools able to ensure that coexistence requirements defined in the LAA work item are met. Based on the scope of the coexistence tests, we made a distinction between “core tests” and “performance tests”. Core tests will assess specific design rules defined in RAN1 technical specifications. By verifying the correct compliance to those rules, core tests will automatically ensure that coexistence goals targeted by RAN1 design are met. Performance test will give a measure of the performance achievable in specific coexistence scenarios. 
It is natural that core tests represent the highest priority for RAN4, therefore in this contribution we only focus on those tests, with emphasis on the Listen Before Talk (LBT) procedure. In particular, we will focus on both channel sensing and random back-off mechanisms.  

Core tests for the LBT procedure
In RAN4 #76 held in Beijing, we provided an input to discuss the testing procedure for the LBT mechanism [3]. The LBT procedure is an essential element of the LAA feature, representing a proven mechanism to allow spectrum sharing across different technologies operating in the same band/channel. In release 13, only DL requirements will be defined for transmission in 5GHz spectrum, therefore the discussion presented in this contribution will mainly address Base Station specifications.
As already described in [2] and [3], defining requirements for LBT is something new that RAN4 needs to deal with. Regardless of what would be the specific algorithm defined by RAN1, it is clear that the following elements need to be specified: 
· a channel sensing procedure in which the channel will be declared free or busy based on an energy detection threshold
· a back-off mechanism which will be used to postpone the transmission when the channel is detected to be busy
The above bullets represent specific “rules” to be specified and adopted by RAN1. Therefore, any test dealing with the sensing procedure and the back-off mechanism is a “rule level” test. Following the classification in [2], rule level tests belong to the “core tests” to be specified by RAN4. In other words, this kind of tests represents the primary mechanism to satisfy coexistence criteria and the highest priority for RAN4 specifications. In the following subsections, we provide detailed proposals for the two main core tests targeting channel sensing and back off procedures. 
For all the core tests we propose to only focus on conducted tests.
Proposal 1: all core tests should be conducted tests.
LBT channel sensing test
The goal of the channel sensing test is to assess the channel sensing procedure only. This test can be alternatively called Energy Detection (ED) test since the main goal is to check the ability to determine whether the channel is busy is or not based on an ED threshold level. It is worth emphasizing that even if this could be seen as a simplified test, in which we only have one interference source connected to the Device under Testing (DUT), it will be one of the most important element of the overall coexistence framework by ensuring correct detection of other devices operating in the same band. 
Specifications should ensure that a minimum performance of the sensing procedure is guaranteed. However, what this performance should be also depends on the back-off procedure and, in particular, on the timing involved in the back-off mechanism. If we look at the Wi-Fi specification as an example, the minimum time unit adopted in the back-off procedure is the slot time, which is defined as: CCATime + RxTxTurnaroundTime + AirPropagationTime + MACProcessingDelay. The CCAtime is the Clear Channel Assessment time and it is defined as ([4], section 6.5.4.2): The maximum time (in microseconds) the CCA mechanism has available to assess the medium within every time slot to determine whether the medium is busy or idle.
As it can be observed, in the Wi-Fi specification, the slot time is the minimum time unit detectable during the back-off countdown procedure and its definition includes a measure of the minimum time needed to assess whether the medium is busy or not. Of course the overall back-off performance depends on the reliability of the sensing procedure. 802.11 specifications provide a minimum requirement for CCA detection probability ([4], Table 19-6): in case of slot time equal to 9usec, CCAtime=4usec and detection probability is >90%. In other words, the Wi-Fi requirement can be read as: devices need to detect channel to be idle/busy within 4usec with a probability higher than 90%.
As already mentioned, the task of RAN4 should be to produce a minimum requirement for the sensing procedure to be adopted in the core test. One possibility is to define a reliability test similar to Wi-Fi in which a minimum detection probability is guaranteed. In other words, a possible requirement could be written in the form of: Base Station should be able to assess whether the medium is busy or idle within X usec with Y% probability.  
Proposal 2: LBT requirement for Base Station should be defined in the form: Base Station should be able to assess whether the medium is busy or idle within X usec with Y% probability.  
The criteria to determine whether the channel is busy or not will be a comparison of the received energy with a threshold. 
Proposal 3: The criteria to determine whether channel is busy or not will be a comparison of the received energy with a threshold.
There is an ongoing discussion in RAN1 about what should be the right threshold to be used for detection. The selection of this threshold is completely of the RAN4 scope, therefore RAN4 will just adopt the criteria decided by RAN1.
Proposal 4: The Energy Detection threshold to be adopted in the test LBT sensing test depends on RAN1 design.  
Adaptation of the ED threshold
Another important aspect which RAN1 is taking into account is the adaptation of the ED threshold. Several alternatives are currently under discussion. Once the rules for changing the ED threshold are finalized by the RAN1 design, RAN4 needs to define tests to verify that the right ED threshold is selected based on the scenario. Depending on what will be the final design in RAN1, the adaptation of the ED threshold could be tested through core or performance tests.
Proposal 5: Depending on what will be the final design in RAN1, the adaptation of the ED threshold could be tested through core or performance tests.

LBT back-off mechanism test
This test will assess the correct behaviour of the back-off mechanism. From this point of view, this will be a rule test aiming at verifying contention window (CW) adaptation mechanism. Testing CW evolution in the presence of different type of interference is more complicated and requires more effort compared to the Channel Sensing Test, because in this case we need to test dynamics of the system under test. 
RAN1 is currently finalizing the design of the CW adaptation mechanism. Here we provide general guidelines on how the test could defined. The test equipment needs to be able to inject into the DUT a specific input pattern which will trigger the adaptation of the contention window. Example of input could be ACK/NACK or interference pattern (to be used in case of eNB sensing approach), depending on the final RAN1 design. Regarding the passing criteria, several options are possible. In general RAN4 needs to select a metric to be observed which characterizes the back-off procedure. Since the CW size will likely not be accessible to the test equipment and because the number of back-off slots will be randomly selected, the test will necessarily involve statistical analysis. In other words, the test equipment needs to record channel access statistics and verify that the observed metrics are within the specified range. To summarize the above observations, a core test procedure for the back off mechanism could involve the following steps:
1. The DUT is connected to the test equipment and operating in normal conditions, i.e. without interference.
2. The Test equipment will inject interference to trigger the CW update. The trigger mechanisms could be an ACK/NACK pattern or an AWGN noise pattern at a specific energy level, this will be decided based on the RAN1 design.
3. [bookmark: _GoBack]The Test equipment records DUT channel access statistics within a time window. The time window size should be determined in order to have sufficient statistics. The statics to be recorded could be the average number of back-off slots or the average time before transmission.
4. The DUT will pass the test if the recorded channel access statistics are within the specified range, as provided by RAN1.
We propose to consider the above bullet list as guideline principles for the LBT back-off mechanism test.
Proposal 6: the following steps should be considered as guideline for the LBT back-off test definition
1. The DUT is connected to the test equipment and operating in normal conditions, i.e. without interference.
2. The Test equipment will inject interference to trigger the CW update. The trigger mechanisms could be an ACK/NACK pattern and an AWGN noise pattern at a specific energy level, this will be decided based on the RAN1 design.
3. The Test equipment records DUT channel access statistics within a time window. The time window size should be determined in order to have sufficient statistics. The statics to be recorded could be the average number of back-off slots or the average time before transmission.
4. The DUT will pass the test if the recorded channel access statistics are within the specified range, as provided by RAN1.

Conclusions
Following the LAA coexistence test classification proposed in [2], we analysed the key aspects of the LBT core tests to be defined in RAN4. Subject to RAN1 design finalization we also made the following proposals for core tests involving LBT channel sensing and back-off mechanism tests:
Proposal 1: all core tests should be conducted tests.
Proposal 2: LBT requirement for Base Station should be defined in the form: Base Station should be able to assess whether the medium is busy or idle within X usec with Y% probability.  
Proposal 3: The criteria to determine whether channel is busy or not will be a comparison of the received energy with a threshold.
Proposal 4: The Energy Detection threshold to be adopted in the test LBT sensing test depends on RAN1 design.  
Proposal 5: Depending on what will be the final design in RAN1, the adaptation of ED threshold could be tested through core or performance tests.
Proposal 6: the following steps should be considered as guideline for the LBT back-off test definition
1. The DUT is connected to the test equipment and operating in normal conditions, i.e. without interference.
2. The Test equipment will inject interference to trigger the CW update. The trigger mechanisms could be and ACK/NACK pattern and an AWGN noise pattern at a specific energy level, this will be decided based on the RAN1 design.
3. The Test equipment records DUT channel access statistics within a time window. The time window size should be determined in order to have sufficient statistics. The statics to be recorded could be the average number of back-off slots or the average time before transmission. 
4. The DUT will pass the test if the recorded channel access statistics are within the specified range, as provided by RAN1.
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