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Introduction
[bookmark: _GoBack]This contribution focus on some of the remaining open issues for the definition of the multi-node tests. Following the online and offline discussion held in RAN4 #81, we provide additional observations for the selection of the target SIR. In particular, we perform system level simulations to help understanding the typical operating conditions which can be used as basis for the determination of the SIR operating point. 
Discussion
Latest agreements on multi-node discussion were captured in the Way Forward approved in RAN4 #81 [1]. Although there was no agreement on the actual SIR value, the online and offline discussion in Reno was very useful to clarify the point of views supported by different companies. In the following, we will first provide some background information trying to summarize the different contributions and proposals, and then focus on some key observations supported by system level simulations.
We will use the test setup depicted in Figure 1 as a reference. The test configuration is made of the following elements:
· Node A and B are the downlink nodes
· Node C and D are the companion devices attached to Node A and B, respectively
· Link A-C and Link B-D represent the desired signals
· Link A-D, B-C and Link A-B represents interfering links


[bookmark: _Ref458175898]Figure 1. Test setup for the throughput test.
The SIR level is determined by the ratio of the wanted signal in link A-C (or B-D) and the interferer signal in link B-C (or A-D).

[bookmark: _Ref458521733]Background information on SIR level selection.
The determination of the target SIR point was one of the main issues discussed in the previous RAN4 meeting. Many contributions addressed this open item, by focusing on both field data measurement and system level simulations. In [2], HPE (and Microsoft) presented “measured data of the relative signal levels of wanted and potentially interfering traffic in live Wi-Fi networks typical of those in the vicinity of which LAA is likely to be deployed”. The very detailed contribution from HPE provided three observations. Observation 1 specifically addressed the ratio between wanted and unwanted signals:
“Observation 1: It is unrealistic to assume that LAA traffic will always be received by Wi-Fi at levels significantly below those of wanted Wi-Fi traffic.  Failure to specify tests in which potentially interfering signals are received at or above the level of wanted traffic will put a substantial proportion of Wi-Fi traffic at significant risk.”
As already pointed out during online discussion, we do not argue the existence of operating points for which LAA traffic level is not significantly below Wi-Fi traffic level (i.e. high SIR level), what we argued is that those operating points do not represent a typical working point from statistical point of view. It is indeed worth noticing that the same data provided in [2] for indoor enterprise scenario were also used by Ericsson, Qualcomm and Nokia to support different conclusions in [3]. The plot, which is reported for the sake of completeness in Figure 2, shows the following information:
· MyBSS: traffic from wanted Link A-C, measured close to AP A (i.e. Node A).  
· OBSS: downlink traffic corresponding to interferer Link A-B, and uplink traffic corresponding to the interferer Link A-D, measured close to AP A (i.e. Node A).  
· CDFs of MyBSS, OBSS and total received energy close to AP A (i.e. Node A)
[image: ]
[bookmark: _Ref473552632]Figure 2. Indoor Enterprise Measured Signal Levels [2].
The reason why the data from HPE was proposed in [3], as a valid data point for the determination of a meaningful SIR for the multi-node test, was the nice and clear separation between MyBSS and OBSS RSSIs, indicating, in our opinion, a high SIR/SINR level. 
During online discussion, Broadcom argued that the data in [2] were based on single operator scenario, and therefore it could not be used to draw conclusions on LAA/Wi-Fi case, i.e. a scenario with two operators. On the other hand, in [5] Broadcom presented a detailed system level analysis based on Montecarlo simulations to support their proposal of SIR=0dB. Although, we still believe that the plot in Figure 2 represents a very useful data point showing that in a realistic scenario SIR >> 0dB, in the next section we will mainly focus on the system level analysis providing some observations on the interpretation of the simulation results from RAN4 perspective.
System level evaluation for SIR level selection.
In [5], a system level analysis based on the Indoor scenario agreed in the LAA Technical Report (TR 36.889 [6]) was presented. The long offline discussion with Broadcom was extremely valuable and helpful to understand the different positions. In general, we agree with the data provided in the analysis (which will reproduce in the following) but we disagree on the final observations and proposals.
Even though we are looking at simulation, the critical point is to focus on what would be a realistic behaviour in a real deployment. In other words, the final goal of multi-node tests is to define a meaningful test which should guarantee the target coexistence criteria in a realistic operating condition. In general, we believe that defining a test which is based on a non-typical operating point is not beneficial for Wi-Fi and LAA.
The reason why we disagree with the proposals in [5] is captured in the first page of the paper: 
“Note that the SIR under discussion for the coexistence tests is not the actual operating SINR of the network, but the estimated SIR under the assumption that the interfering link transmits at the same time as the signal link. In a realistic scenario, the interfering link is expected to defer to the transmitting link in most cases and hence, the actual operating SINR will be much higher … The test configuration can only target an SIR while setting the strengths of the signal and interference links. The achieved SINR is subject to the actual events of deferral or simultaneous transmission during the test.”
Our main concern is that, based on the sentence above, the SIR analysed does not represent a “realistic scenario”. It is true that “the test configuration can only target an SIR while setting the strengths of the signal and interference links”, however the signal and interferer link must represent a realistic and typical case. 
In Figure 3 we plot the SIR distributions measured at the served STAs. The plots refer to Indoor scenarios considering the following cases:
· The black curves represent the SIR available when LAA and Wi-Fi do not defer transmission even when they are within ED threshold (or within PD threshold in case AP to AP). The solid line has been obtained by summing up interference from all interfering nodes, while for the dotted line only the strongest interferer is considered.
· Blue curves represent the SIR available when LAA and Wi-Fi defer transmission based on their back-off mechanism (PD/ED for Wi-Fi, ED for LAA). Cumulative interference is taken into account.
· Red curves represent the SIR available when LAA and Wi-Fi defer transmission based on their back-off mechanism (PD/ED for Wi-Fi, ED for LAA), but only the case in which interference is present are accounted in the CDF. In other words, red CDF are conditioned to the fact that co-channel interference is below LAA ED threshold (i.e. -72dBm). Cumulative interference is taken into account.
Compared to the CDF provided in [5], our analysis shows even slightly higher interference (i.e. lower SIR). As expected, for the case of strongest interference, the SIR available when LAA nodes do not defer is close to 0dB (black dotted lines). This is simply due to the fact that on average STAs are at the same distance of serving and strongest aggressor nodes. Considering the cumulative interference, the median SIR in case of no transmission deferral is lower than 0dB (solid black curve). 
It is clear that the distributions represented by the black lines do not represent the real operation of the system, however during offline discussion some companies claimed that this scenario (median SIR close to 0dB and even lower SINR) can happen. While our original understanding was that companies wanted to understand the impact of having different ED threshold compared to the Wi-Fi PD/ED mechanism, during offline discussion some companies pointed out that the intention was to understand Wi-Fi performance when the LAA LBT check does not work properly. We believe that this is based on a misunderstanding of RAN4 specifications. RAN4 defines technical specification (TS 36.104) and functional tests (TS 36.141) to make sure the eNodeB LBT test procedure works properly. In other words, satisfying the LBT minimum requirement is not an optional feature, but it is an essential requirement which every eNodeB is mandated to fulfil. Using different words, the conformance to the technical specification is something beyond the multi-node tests and it is part of the common 3GPP procedure. As we pointed out several times, multi-node test is something on top of the classical RAN4 technical specifications and test procedures. As a consequence, we believe that determining the SIR working point based on a scenario in which all eNodeBs do not fulfil RAN4 spec is technically incorrect. 
To evaluate SIR in a more realistic working conditions, we analyse the case in which eNodeB correctly back-off from transmission when they receive energy above -72dBm/20MHz. As it can be observed, in this case the median SIR is largely increased. It is also worth noticing that about 34% of STAs do not perceive any co-channel interference. This can be observed by looking at the blue curve, where a floor close to 66% is present. The red curve shows instead the same CDF conditioned to the fact the STAs are subjected to co-channel interference, i.e. eNodeBs see Wi-Fi nodes at a level below -72dBm/MHz. As it can be seen, the median SIR for this case is close to 16dB. 
[image: ]
[bookmark: _Ref473567057]Figure 3. SIR distributions in Indoor scenario.
Further observations and proposals.
We would also like to provide some comments on the general test setup in Figure 1. Defining SIR=0dB means to specify the same coupling loss for the links A-C (or A-D) and B-C (or B-D). Furthermore, most companies proposing 0dB SIR also proposes to set the same coupling loss for the AP to eNodeB link, i.e. link A-B. This corresponds to a specific configuration in which AP, eNodeB and victim STA, assuming same propagation condition and no shadowing to avoid statistical variation, form an equilateral triangle[footnoteRef:1]. The lower the Rx signal level (i.e. higher coupling loss) is set, the larger would be the side of the triangle. We did some calculation considering the agreed path loss model and same device heights as in [6]. If we consider an Rx signal level of -80dBm, the conclusion is that in case of line of sight (LOS) propagation the side of the triangle is very large compared to the indoor hotspot size shown in Figure 4, while for the case of non-line of sight (NLOS) propagation, the triangle side is about 62 meters, meaning that this configuration cannot fit in the hotspot which measures 50m x 120m. Even though this is just a toy example with some simplistic assumption about the shadowing, our intention is to emphasize that it is preferable to consider a more realistic test setup, rather than focusing on an ad hoc built scenario.  [1:  To be precise, due to the different heights between eNodeB/AP and STA, the 2D distance between AP-eNodeB will be slightly larger, while 3D distance is exactly the same as the other two sides.] 

If we then look at operator’s deployment, even in the absence of coordination across operators, there is always a degree of site engineering based on which the scenario described above can be seen as a rare corner case. If we instead look at impact on home APs, for that scenario it is natural to expect that stations are much closer to the serving AP compared to the aggressor eNodeB, thus resulting in high SIR.
[image: ]
[bookmark: _Ref473649621]Figure 4. Example of indoor hotspot scenario from [6]. 
In this example AP (green squares) and eNodeBs (red squares) are equally spaced.

The observations above are only minor comments pointing out some layout level aspects. Our key point in this contribution was to provide additional information and our point of view about the system level simulations discussed during the previous RAN4 meeting. Based on the results presented in this paper, and taking into additional observations, we still believe that SIR=15dB is the most relevant case to be analysed in the multi-node test. 
Proposal 1: to specify SIR=15dB in the multi-node test setup.
We also invite other companies to take into account the different elements provided in this document to select a meaningful SIR point for the multi-node tests.
Conclusions
In this contribution we provided our interpretation of system level simulation results used to determine SIR value in the multi-node tests. We also made some observations describing the mapping between the test setup and the resulting layout configuration. Based on the analysis carried out, we made the following proposal: 
Proposal 1: to specify SIR=15dB in the multi-node test setup.
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