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Introduction
The Licence-Assisted Access (LAA) work item was approved in RAN #68 [1]. One of the design objective 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.
Discussion
The LAA work item’s main goal is to specify a “single solution framework for licensed-assisted access to unlicensed spectrum which enables operation of LTE in the 5GHz unlicensed spectrum” [1]. Since the spectrum targeted by LAA will be shared with other technologies, The LAA work item also provides a specific indication about the need for fair coexistence with the main technology currently operating in the 5GHz band. In particular LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems and a minimum set of mandatory features/parameters that enables effective and fair coexistence between Wi-Fi and LAA and effective and fair coexistence between different LAA systems should be identified. 
The RAN1 WG already performed a huge amount of work in terms of PHY/MAC layer design to ensure good coexistence. Many design alternatives and simulation results were provided by companies with different expertise. In this contribution, we will mainly focus on the work which RAN4 needs to perform in order to verify and integrate RAN1 work. The importance of RAN4 in complementing the design work carried out by RAN1 was already emphasized during LAA workshop held in Beijing on August 29, 2015 [3]. 

[bookmark: _Ref431386461]Classification of coexistence testing procedures
Defining test procedures for LTE operating in an unlicensed band is something completely new to RAN4. On top of the usual[footnoteRef:1] task of guaranteeing good LTE performance and coexistence with other LTE nodes operating in the same or in adjacent bands, RAN4 now needs to take into account coexistence with a different technology operating in the same and in adjacent channels. This is a difficult task because it involves the characterization of Wi-Fi behaviour in different scenarios.  [1:  To be precise, other systems operating in adjacent bands have been already considered in the past.] 

Our proposal is to have a step by step approach in which different levels of testing can be achieved. There are different ways in which testing procedures can be characterized. For instance, a simple approach could be to have a classification based on the nature of interference to be tested. From this point of view, the following classes of interference should be covered:
· Generic interference
· Interference from Wi-Fi nodes
· Interference from other LAA nodes
Another more general aspect which needs to be taken into account is the scope of the test. The following possible approaches can be adopted:
· Testing a specific rule
· Testing system level coexistence
[bookmark: _GoBack]Testing a rule is relatively simple. RAN4 will only specify a mechanism to assess the adherence to some specific rules defined in RAN1 specifications. Although this can be considered a simplistic test, the value of this “rule level” is extremely important, because through this test RAN4 will ensure that the tools put in place by RAN1 to guarantee coexistence with Wi-Fi and other LAA nodes are correctly implemented. Therefore, this test will already ensure a high level confidence about LAA coexistence in the 5GHz band. 
A different level of testing could instead involve system level considerations. The goal of this test would be to have a more generic coexistence framework that needs to be satisfied. This test will require effort in terms of defining coexistence scenarios and also defining the coexistence metrics.   
From a 3GPP perspective it is important to clarify what should be the RAN4 priority and what are the essential requirements to be satisfied. Following the 3GPP procedures, a rule level test will be the common approach adopted by RAN4. Once RAN1 design is finalized, RAN4 will define the testing procedure needed to assess the correct implementation of the LAA coexistence algorithms designed by RAN1 in order to achieve fair coexistence. Therefore by definition this will be an essential test guaranteeing fair coexistence in line with the analysis done by RAN1 for the design of the LAA coexistence features. From timeline perspective, this should be the highest priority for RAN4. With slight abuse of RAN4 terminology we call this test “core test”. 
Once the core tests are finalized, another level of testing could be considered, i.e. system level coexistence testing. As mentioned before, a potential goal should be to set a generic framework to measures the coexistence performance in some defined test scenario. This test will not involve any assessment of specific design rules, which will be already guaranteed by the core tests, but rather trying to measure some performance metrics in specific coexistence scenarios. Therefore, this test would mainly represent a “performance test”. It is important to emphasize again that coexistence goals which LAA WI is targeting will be already met once core test requirements are satisfied. As a consequence, defining a coexistence performance test will be a second order priority compared to the core test specification. 
To summarize the above observations two different set of LAA coexistence tests can be potentially defined in RAN4:
· core tests
· Highest priority
· Rule level test
· Will verify RAN1 design ensuring LAA work item coexistence target is met
· performance tests
· Lower priority
· Will measure performance achievable in specified coexistence scenarios 
   
Proposed methodologies for LAA coexistence testing
In this section we propose different testing methodologies which will be able to cover all interference scenarios and the different scopes described in section 3. 
Section 4.1 will describe a possible proposal for Listen Before Talk (LBT) test, which belongs to core test category, while in section 4.2 some observations about a performance coexistence test are presented.
[bookmark: _Ref431395204]Core tests
The core tests will assess the behaviour of channel sensing during the LBT procedure. The LBT procedure is indeed an essential element of the LAA feature and it represents a proven mechanism to allow spectrum sharing across different technologies operating in the same band/channel [4]. The details of the LBT mechanism are currently under definition in the RAN1 working group. It is worth noticing that LBT procedure will be the key element to achieve coexistence goals defined in LAA WID. Therefore, the fundamental goal of the core coexistence tests would be to verify the LBT rules. 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
Based on the above elements, LBT can be divided into two specific rule level tests: channel sensing and back off mechanism test. 
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. Through this fairly simple test it is possible to verify LAA behaviour in the presence of different types of interference. In other words, based on what will be the RAN1 final decision on the ED threshold level, the channel sensing Test will be able to verify the correct behaviour depending on the different type of interference. In this sense, this will be a rule test which addresses the ED detection mechanism. 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. Therefore we believe the Channel Sensing Test should be the first priority for RAN4.     

Back-off mechanism test 
The back-off test will cover the second bullet listed in section 4.1, i.e. the correct behaviour of the back-off mechanism. From this point of view, this will be a rule test aiming at verifying the 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 testing. A simplified and more testable approach could be to define a target in terms of CW in RAN1 and then provide a test to statistically verify the fulfilment of that target. In other words, one possible approach could be to inject an interference pattern into the DUT and record channel access statistics. The test will pass if the statistics are within the target defined by RAN1. 

[bookmark: _Ref431395206]Performance tests 
The performance coexistence tests will not test any specific rule, but rather an overall system behaviour. The goal of this test would be to give a measure of the performance achievable in a scenario in which LAA nodes coexists with Wi-Fi nodes. In terms of timeline, from RAN4 perspective it is natural to define performance tests once the core tests are specified.

Final considerations
In this contribution we gave an overview of what could be a possible approach adopted by RAN4 for a testing procedure for LAA. As already mentioned, RAN4 needs to define tests to verify correct behaviour in the presence of another system operating in the same channel. We described two main approaches: to test rules defined by RAN1 and to define a generic system level coexistence test. Priority for RAN4 should be a core test which will verify algorithms defined by RAN1 to meet coexistence targets (in particular, the LBT protocol). It is also worth emphasizing that, when defining core tests, a tight interaction between RAN1 and RAN4 working groups is needed. Indeed, because of the complexity of the issue to be analysed, RAN4 needs to necessarily complement the RAN1 work. In other words, for some specific aspect RAN1 rules can only define an expected behaviour rather than a detailed algorithm. That behaviour will be the one able to guarantee good performance in terms of intra/inter technology coexistence. In that case, the RAN4 role would be to define a test which will allow to verify that the target behaviour can be met. From this perspective, RAN1 and RAN4 together need to achieve the following task: to determine good coexistence goals and put in place a mechanism to meet those goals. Whether there is a need to specify a very detailed algorithm or specify a generic rule does not really matter once the goals are achieved. The final goal is indeed to meet target coexistence criteria through the combination of PHY/MAC algorithms defined in RAN1 specification and core coexistence tests defined in RAN4. 
Documentation of LAA coexistence tests
The definition of the LAA coexistence tests will a fairly new endeavour for RAN4. The effort is likely to have a lot of external visibility, including possible collaboration with other unlicensed spectrum stakeholders, such as Wi-Fi Alliance, as discussed at the recent workshop [3]. Because of this we propose to create a new (dedicated) Technical Specification to capture all LAA coexistence test in one place, instead of having them scattered in multiple existing specifications’ sections. This includes both the core and performance tests described above for LAA downlink operation in Rel-13, as well as future tests for LAA uplink operation when this is defined in future releases.

Conclusions
In this contribution, we analysed the work which RAN4 needs to perform in terms of defining test procedures for LAA. We gave an overview of the high level principles and goals to be achieved and we also presented different methodologies which could be potentially adopted to specify LAA tests in RAN4. We describe two main categories of coexistence tests: the core and performance tests. The core tests represent the highest priority and will be sufficient to verify that LAA meets the target coexistence criteria. The performance tests provide a measure of the performance achievable in specific coexistence scenarios. In terms of timeline, RAN4 should first focus on the core tests specification, while the performance tests can be defined after the core tests are finalized. Finally it is proposed to create a new TS capturing all LAA coexistence tests.   
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