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Introduction
RAN4 decided to define two set of coexistence tests for LAA: LBT tests and multi-node tests. While the LBT tests address the key functional aspects of the Listen Before Talk procedure defined in RAN1 technical specifications, multi-node tests are a new family of cross-technology coexistence testing. 
In RAN4 #78bis, there was a good progress on outlining and defining the key aspects of the multi-node tests [2]. In this contribution, we provide our view on some of the remaining open items. In particular we will focus on the following two aspects: 
· The definition of the signal level at which the receiver victim should see the transmitter aggressor. 
· The definition of a reference baseline for the multi-node tests. 
Multi-node tests
Background information
RAN4 #78bis held in San Jose del Cabo was a very productive meeting from the multi-node test definition point of view. A very interesting discussion during and ad hoc session on LAA coexistence tests [2] produced to the following way forward [1]:
· All tests should be conductive tests
· Agreed to use two nodes, the number of stations is FFS.
· Agreed to use one channel for the tests, i.e. single carrier tests.
· Agreed to use 20 MHz channel BW.
· Channel access priority: 
· Agreed to have a maximum of two priority classes
· Details are FFS
· Whether we test the priority classes simultaneously or not is also FFS.
· Metrics to use in the tests
· Throughput is the metric for a best effort service. 
· Other metrics are FFS, depending on priority classes chosen.
· Scope of multi-node tests
· Agreed to target “cross-technology fairness”. 
· Should focus on few key cases which can be easily reproduced and not add unnecessary tests.
· Performance tests should include LAA to LAA and LAA to Wi-Fi performance
· Agreed to test for high load, other loads FFS.
· Whether to test Rx signals above ED threshold, or below ED threshold, or both are FFS.
· How to capture multi-node tests
· Develop text for a new TR in RAN4
· Propose the creation of a TR in an LS to TSG RAN.
As it can be noticed many important aspects were agreed, however there are some relevant details which are still FFS. In the following we will only focus on what we believe is one of the more controversial point, i.e. “whether to test Rx signals above ED threshold, or below ED threshold”. Related to this aspect, we will also discuss our view on how to define a reference baseline for the multi-node tests.  

Rx signal level to be adopted in the multi-node tests
In our previous contribution we already made some observations about the specification of the coupling loss between transmitter aggressor and receiver victim [3], i.e. at what level the receiver victim should see the transmitter aggressor. Before presenting a possible proposal/approach, we provide a quick summary of the Energy Detection (ED) thresholds which are specified in different standards or regulation bodies. Already existing Wi-Fi products based on IEEE 802.11 standard adopt and ED threshold of -62dBm/20MHz, however they are able to detect other Wi-Fi signals at much lower level, i.e. -82dB/20MHz (the so called Preamble Detection (PD)). The new ETSI BRAN harmonized standard (which is currently under development) and 3GPP RAN1 technical specifications adopt an ED threshold which is 10dB lower compared to the IEEE 802.11 threshold, namely -72dBm/20MHz[footnoteRef:1] and do not mandate the detection of Wi-Fi signature at lower level. Since there is a high level of attention on the ED level defined by ETSI BRAN, with many parties involved in the discussion asking whether this is the right value or not, we would like to express our point of view on this decision. ETSI BRAN task was very challenging since at least the following three aspects need to be accommodate in the 5GHz harmonized standard:  [1:  This is the minimum value coming from the formula specified in TS 36.213 [3].] 

· To have a technology agnostic specification, thus allowing different technologies to use the 5GHz unlicensed spectrum
· To minimize the risk of interference to legacy systems already operating in the band
· To allow innovation for upcoming and future systems 
All the above aspects were taken into account and a very important discussion happened in the last ETSI TC BRAN meetings. The first aspect was clear for the very beginning and this brought to the decision of defining a channel sensing threshold which is based only on energy detection. The second and third aspects were discussed for long time, with some companies pushing more towards the protection of legacy systems and other companies pushing for a more open spec to better allow technology innovations. Discussion was very technical, with several presentations of simulation results from 3GPP LAA work item. There were several points made, some views were shared by 3GPP and IEEE community. One important aspect which was also brought into the discussion, for instance, was the increase of channel reuse which is needed due to the always increasing densification of the network, this aspect is also taken into account in the development of the future IEEE 802.11 system (802.11ax). Based on all the inputs from 3GPP and IEEE communities, and considering the feedback from European regulators, it was decided to adopt a single ED threshold of -72dBm/20MHz. This is the result of a compromise which took into account many different aspects [5], including the specification of truncated exponential back-off mechanism as required by IEEE community. It is also worth noticing that this ED value is 12dB lower compared to the value specified in section 4.8.3.2 of the current harmonized standard [6]. Given the very difficult task which ETSI BRAN faced (and is currently facing), and given the positive interaction between IEEE and 3GPP communities, we believe that the value adopted is the right choice allowing the best trade-off between protection of existing systems and innovation. 
[bookmark: _GoBack]Now the question is: considering that LAA adopts -72dBm/20MHz ED threshold, and considering that current Wi-Fi products based on 802.11n/ac specification use a different detection scheme (PD/ED), what should be the right setting for the signal level at which the victim see the aggressor? Our position is that, given the background discussed above, we should test only an interferer above -72dBm. This also closely matches the way of working in RAN4. RAN4 working group test always against the minimum requirement: if the minimum level at which the Base Station is required to react is -72dBm/20MHz, from RAN4 point view the most obvious choice is to test at a level above ED. However, in last RAN4 meeting there were some concerns from other companies and the desire to test at a level below ED. Our preference is still to the test only above ED minimum requirements, however if valid technical arguments are brought up to support test below ED we believe that RAN4 can take into consideration this option. 
Building a good reference baseline for the multi-node tests
We believe one of the most challenging aspects to be addressed in RAN4 is how to determine the baseline reference for the multi-node tests. Since it was agreed to target cross-technology coexistence testing, RAN4 will likely define a symmetric test suite which can be used to verify the impact from LAA to Wi-Fi and from Wi-Fi to LAA. In the following we will only focus on the case in which we test the impact of LAA to Wi-Fi, however a similar discussion can be applied to the other direction. 
As agreed in RAN4 #78bis, in the multi-node tests we will have two downlink nodes [1]. The goal of the LAA to Wi-Fi test would be to determine the impact caused by LAA BS to Wi-Fi AP compared to the impact due to another Wi-Fi AP. Therefore the baseline will be given by the performance of an AP+AP scenario. Now, the question is how should the AP+AP baseline defined. From our point of view there at least two options:
· Defining a Golden Reference implemented in the test equipment (TE)
· Building an AP+AP reference from a collection of commercial APs
With the first approach, RAN4 needs to decide on the behavior of the TE, i.e. needs to agree on the minimum requirements implemented in the TE. In this case, the behavior of the test equipment in given conditions (the test setup) needs to be described. When the device under testing (DUT) interacts with the TE, a minimum performance needs to be observed at the TE (for instance minimum throughput). The beauty of this approach is that once the baseline is defined, the test procedure will be very easy and can be applied to both LAA and Wi-Fi devices. The drawback of this approach is that it would be hard to define the minimum requirements of the TE. An interaction between Wi-Fi Alliance (WFA) and 3GPP would be needed in this case.
The second approach is a more practical approach, i.e. building a reference from existing commercial devices. In this case, one possibility is to consider a large set of APs and measure minimum and maximum performance of all possible AP+AP combinations. This will create a library which can be used as the reference baseline. When LAA is tested against one AP, the AP throughput performance should be above the minimum or within a range from the average defined in the library. The beauty of this approach is that we do not need to agree on defining the minimum requirements for the test equipment since we can exploit already available commercial devices. The main drawback is that we need to decide how to select the set of APs to build the library, even in this case a feedback from WFA would be also useful. Once the library is defined, AP which are not in the library can also be tested. 
The above approaches are only two of several possible approaches. We invite companies to provide more input on how to create a good and meaningful baseline which can be used to test LAA and Wi-Fi nodes.  
Conclusions
In this contribution we addressed some of the open items for the multi-node test definition. In particular, we provided our point of view on the signal level at which the receiver victim should see the transmitter aggressor. We also provided several observations on how to build a good reference baseline to be used for the pass/fail criteria in the multi-node tests. We invite companies to take into considerations our observations and to share their views on the technical aspects addressed in this paper.
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