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Introduction
In RAN4 meeting #78 held in Malta, a plan for LAA coexistence tests was approved [1]. The plan gives a timeline for the specification of Listen Before Talk (LBT) tests and multi-node tests. In this contribution we address the most relevant aspects of multi-node tests.
Multi-node tests
Background information
The current RAN4 plan for defining LBT tests and multi-node tests is summarized in Table 1 [1]. 
[bookmark: _Ref447031890]Table 1. Detailed time plan for coexistence test design for LAA
	Meeting
	Task
	Output

	RAN4#78
February 2016
	· Agree on the detailed time plan
· Propose test procedures for LBT tests
· Establish the need and the scope for multi-node tests
	· Contributions

	RAN4#78bis
April 2016
	· Agree on actual test procedures for LBT tests
· Propose details on multi-node tests
	· Contributions
· Draft CRs

	RAN4#79
May 2016
	· Agree on the details of multi-node tests
· Finalize the specification 36.141
	· Contributions
· CR for 36.141



In this contribution we only address multi-node tests.
Multi-node tests will be specified by RAN4 to guarantee that a target coexistence criteria between LAA and Wi-Fi nodes is met. It is worth noticing that co-channel and adjacent channel coexistence have been extensively studied by RAN1 and RAN4 working groups. LAA design is an outcome of those studies and, as such, complying with 3GPP specification already guarantees that the coexistence criteria addressed by LAA work item are met. From this point of view, multi-node tests represent an additional tool to stress LAA operations in specific scenarios. This is a complete new area for 3GPP for two main reasons: RAN4 never tested something beyond the conformance to the technical specifications and RAN4 never considered specific coexistence tests with another technology. It is clear therefore that defining multi-node tests is a very challenging task. For this reason, we propose a step by step approach in which before specifying the multi-node test suite, companies need to discuss and agree on the general scope and aspects to be addressed by this family of tests. To facilitate the discussion we organize this document in three different area:
· Categories: this includes the general goal of the tests 
· Key aspects: this includes the most relevant set-up characteristics, including path loss between nodes, adopted channel BW, number of nodes, and so on 
· Metrics: this includes the metric to be met by the tests
In the following sections we discuss and provide observations for each of the bullets above.

Categories
The very first element to address is which kind of tests are needed by 3GPP. Other standardization bodies are also working on similar aspects and producing an articulated test plan [2]. In our opinion, the test plan produced by RAN4 must be clear, reproducible and addressing the critical coexistence aspects. Defining multiple and very sophisticated tests would not be beneficial for several reasons. First of all, specifying a sophisticated set-up could highly increase the testing time. Moreover, it will reduce the reproducibility of the results. As a consequence RAN4 should focus on few key cases and define for each category a solid test which can be easily reproduced. 
Observation 1: RAN4 should focus on few key cases and define for each category a solid test which can be easily reproduced.
A first clarification is related to the victim/aggressor relationship. Since we are talking about coexistence test, we always have an aggressor system causing impact to a victim. In general, because the goal is to verify performance of LAA nodes (LAA BS in Rel13), the common assumption would be that the aggressor system is always LAA. However, since the scope of the test is be also to verify that the impact from LAA to Wi-Fi nodes is not worse than the one from Wi-Fi to Wi-Fi, a baseline in which Wi-Fi node is the aggressor should be considered. From this point of view, the test suite defined by RAN4 should be symmetric, i.e. equally applicable to LAA and Wi-Fi.
Observation 2: RAN4 multi-node tests should be symmetric, i.e. equally applicable to LAA and Wi-Fi.
Coming back to the test categories, we believe that the following two categories can cover the most critical aspects which need to be addressed:
· Channel selection test. The goal of this test should be that the Device Under Testing (DUT) is able to detect a vacant channel (across other channels which are occupied by active nodes) and select that channel for transmission. It is worth noticing that the key part of this functionality is already tested with LBT test procedure. Therefore RAN4 should discuss whether channel selection test is needed or already covered by LBT tests.
· Performance test. This is the classical coexistence test. The goal of this test is to verify that some target performance metrics (see next sections) are met when nodes from same or different RATs are operating in the same channel. Two subset of these tests can be defined:
· LAA to LAA performance test. In this case, the scope of the test would be to prove that the LAA nodes from different operators can share the medium fairly according to some target criteria. 
· LAA to Wi-Fi performance test. In this case the goal is to make sure that impact of LAA to Wi-Fi is not larger to the impact from Wi-Fi to Wi-Fi, according to a specified metric. As mentioned before, this requires a Wi-Fi to Wi-Fi baseline.
Observation 3: RAN4 should focus on the two test categories: channel selection tests and performance tests.
Observation 4: RAN4 should discuss whether channel selection tests is already covered by LBT tests.
Observation 5: performance tests should include LAA to LAA and LAA to Wi-Fi performance.
Key aspects
The first key aspect for the test set-up is related to the lab environment to be used. There are two main possibilities: conductive tests or hybrid conductive/over the air (OTA) tests. Our strong preference is to define conductive tests only. There are two main reasons justifying this. First of all, all the RAN4 requirements are conductive requirements, so it is pretty natural for RAN4 to focus on conductive tests only. The other, more important reason, is the test reproducibility. Having a conductive test will allow to have a much more controlled environment, thus facilitating the reproducibility of the results, which is one of the most important aspect for any verification test. 
Observation 6: multi-node tests should be conductive tests.
Another key aspect is the channel bandwidth adopted in the test. There are two possibilities: single carrier or multiple carrier. Our preference is to focus on single carrier case. The first reason is that defining a test in which victim and aggressor operators use multiple 20MHz channels opens the door to an infinite number of possibilities. In particular it would be very hard to define a baseline scenario, since this will be subject to too many factors. Also focusing on 20MHz will allow to stress the key design element for coexistence in the 5GHz, i.e. the LBT applied with 20MHz granularity. The argument about results reproducibility also applies here.   
Observation 7: multi-node tests should be specified considering the transmission on a single 20MHz channel.
When considering the performance test, one key element is the number of nodes to be adopted in the test. We need at least two nodes, the main question is if this enough to specify meaningful tests. There are of course pro and cons on using less or mode nodes. More nodes will allow to simulate a more sophisticated network conditions with, for instance higher chances of collisions. On the other hand, having multiple nodes, makes the test set-up more complicated and less reproducible. Our preference is to define a test with only two nodes, however RAN4 should investigate this is enough or large number of nodes is needed.
[bookmark: _GoBack]Observation 8: RAN4 should investigate whether defining a performance test with two nodes is enough or higher number of nodes needs to be considered.
The last key aspect to be taken into account is the path loss to be set-up between nodes in both channel selection and performance tests. In other words, what is the signal level at which the nodes see each other. There are two main possibilities: below or above the Energy Detection threshold, i.e. below or above -72dBm/20MHz. The ED threshold adopted by 3GPP is the same as the one adopted by ETSI BRAN harmonized standard (EN 301 893). In ETSI, the companies contributing to the discussion agreed on the -72dBm/20MHz, together with other fundamental agreements, after a very long debate [4]. In the long run, ETSI regulation will create symmetry and harmonization since all the new systems (including LAA and 802.11ax) will adopt the same threshold. From this perspective testing an interferer above ED should be enough since this is required by regulation. Provided that this minimum requirement is met, any technology has the freedom to put in place more sophisticated techniques to optimize spectrum utilization. In summary, since in both ETSI harmonized standard and 3GPP specification the essential/minimum requirement is an energy detection level, it is natural that any test needs to check the behavior/reaction of the DUT when a victim node above the ED level is present. 
Observation 9: the DUT and the other node(s) should hear each other at an energy level above the ED threshold.
The remaining point is which level above ED to be considered. The problem we are facing today is a temporary asymmetry due to the fact current Wi-Fi systems operates with a different criteria (ED done at 10dB higher level but possibility to detect preamble from other Wi-Fi nodes at lower level). It is important to note, that this issue was extensively discussed during ETSI meetings, and it was decided to allow a sort of exemption to the -72dBm/20MHz rule for existing standards, such as 802.11n/ac. The agreement in ETSI is that this exemption will be removed in the future revision of the standard, and even 802.11n/ac devices will need to comply to the -72dBm/20MHz minimum requirement [4].  
So the question is how/if 3GPP needs to handle this asymmetry when defining the multi-node tests. There are two possibilities: considering the maximum of the ED values across the technology under testing or considering LAA/ETSI ED threshold only. This is an important topic to be discussed in the next RAN4 room. 
Observation 10: RAN4 should discuss whether to consider -72dBm/MHz as ED level for the test, or the maximum across ED levels adopted by the nodes present in the test.
Performance metrics and pass/fail criteria
Another relevant aspect which needs to be discussed is the target metric to be adopted in the performance tests. A natural choice is to select the throughput as the target criteria for the performance tests. There are then two choices for the pass/fail criteria: the performance test is passed is an absolute throughput number is achieved or the test is passed if the delta within the reference scenario is within a given range (e.g. 10%).
Observation 11: pass/fail criteria for the performance tests should be based on throughput measurements.
For LAA to LAA performance test one possible approach is that the throughput gap (absolute value) between DUT and “victim” LAA node is within 10%.
For LAA to Wi-Fi performance test the pass criteria could be based on the gap compared to the reference Wi-Fi+Wi-Fi scenario, i.e. the test will pass if the difference (absolute value) of Wi-Fi node throughput between LAA to Wi-Fi and Wi-Fi to Wi-Fi configurations is within 10%.
Details about the pass/fail criteria should be discussed in RAN4.
Conclusions
In this contribution we analysed the key aspects of the multi-node tests to be defined in RAN4 and we made the following key observations:
Observation 1: RAN4 should focus on few key cases and define for each category a solid test which can be easily reproduced.
Observation 2: RAN4 multi-node tests should be symmetric, i.e. equally applicable to LAA and Wi-Fi.
Observation 3: RAN4 should focus on the two test categories: channel selection tests and performance tests.
Observation 4: RAN4 should discuss whether channel selection tests is already covered by LBT tests.
Observation 5: performance tests should include LAA to LAA and LAA to Wi-Fi performance.
Observation 6: multi-node tests should be conductive tests.
Observation 7: multi-node tests should be specified considering the transmission on a single 20MHz channel.
Observation 8: RAN4 should investigate whether defining a performance test with two nodes is enough or higher number of nodes needs to be considered.
Observation 9: the DUT and the other node(s) should hear each other at an energy level above the ED threshold.
Observation 10: RAN4 should discuss whether to consider -72dBm/MHz as ED level for the test, or the maximum across ED levels adopted by the nodes present in the test.
Observation 11: pass/fail criteria for the performance tests should be based on throughput measurements.
We finally propose to capture multi-node tests in a new 3GPP RAN4 technical report (TR).
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