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Introduction
This contribution discusses the appropriate value of the received Signal-to-Interference (SIR) at the victim receiver for use in the LAA – Wi-Fi coexistence tests.  
In the context of the tests, it specifically discusses the ratio of the signal links S1 and S2 and the interference cross-links I2 and I3, as shown in the schematic diagram below.
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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 actual operating SINR for the test too will be much higher when the nodes A and B on either end of the link I1 defer to transmissions from each other. In this case, the observed SINR will map to only SNR. So, it is important to understand the difference between the targeted SIR in the test configuration and the experienced SINR which is subject to whether the interfering link transmits or not. 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.
In the previous RAN4 meeting (RAN4#80BIS), some companies had proposed an SIR >= 15dB, while we had proposed an SIR = 0dB.
In this contribution:
1. We argue that an SIR of 15dB will make the coexistence tests completely ineffective. 
2. We next present simulation data based on the 3GPP Indoor network model. This model has been used in all  coexistence evaluations in 3GPP RAN1 for both Release 13 and Release 14 LAA.
a. We show that this model has a median SIR near 0dB, the definition/interpretation of SIR being the same as what is being discussed for the coexistence tests.
b. We also show that an SIR of 15dB is higher than the 98th or 99th percentile SIR of the 3GPP network model and is hence unrealistic.
c. To highlight the difference between the SIR being discussed in the coexistence tests and the actual operating SINR of a network, we also present the CDF of the operating SINR of the 3GPP Indoor network model for a high load scenario. We show that this has a median SINR of approximately 22dB. This means that the operating SINR of the 3GPP Indoor network model is 22dB higher than the SIR of the model that occurs under the assumption that the interfering link transmits at the same time as the signal link.  In many cases, this SINR may map to only SNR when there is no transmission on a potent interfering link.
Discussion
We begin the discussion by specifying the SIR, SINR and SNR with respect to the diagram above:
Assuming S1 = S2 and I1 = I2 = I3: 
· SIR = S1/I2 = S2/I3 
· SINRC = S1/[I2+NC]; SINRD = S2/[I3+ND], where NC and ND are the sum of the thermal and receiver noises at receivers at C and D respectively.
· SNR = S1/N = S2/N, if the thermal noise N is assumed to be the same at the receivers C and D  

The following different company positions on the SIR can be noted from the approved Way Forward [1]:
a. Ericsson proposes SINR = 15dB [2]
b. Qualcomm had proposed an SIR = 0dB in RAN4#80 (section 2.2 of [3]). However, in the next meeting RAN4#80BIS, it changed its position to propose an SIR = 15dB (section 2.1 of [4]).
c. Nokia proposes SIR = 0dB (Proposal 5 of [5]) 
d. The contribution [6] and the associated draft Way Forward [7] from Broadcom, CableLabs, Cisco, HPE, Marvell, Microsoft, Orange and Wi-Fi Alliance proposes an SIR = 0dB.
e. The LTE-U Wi-Fi coexistence test plan [8] developed by the Wi-Fi Alliance with participation of both LTE and Wi-Fi companies uses an SIR = 0dB. 
f. Huawei does not propose any value of the SIR or SINR, i.e. its contribution [9] does not contain any proposal on the relation between the Signal and the Interference. Its contribution states only that the SNR be set to around 16dB, in order to support 64QAM.

The reason why we had proposed an SIR = 0dB in the contribution [6] is as follows:
· The coexistence tests infer channel access behavior indirectly via an observation of higher level system metrics such as throughput, outage, delay, jitter etc. For example, increase in collisions due to improper implementations of or differences in channel access mechanisms are sought to be detected indirectly via a drop in throughput or increase in outage. 
· So, an SIR of 0dB in the presence of simultaneous transmissions will ensure that any increase in the collision rate causes a proportional non-negligible increase in errors which are then detected via a corresponding degradation in system performance.
· On the contrary, if the SIR in the presence of simultaneous transmissions is set as high as 15dB: 
· Increase in collisions due to simultaneous transmissions from the nodes A and B may not cause higher errors and there may not be any detectable drop in throughput or increase in outage. 
· It would also not exercise important channel access mechanisms such as Contention Window adaptation that are triggered by errors due to collisions.  
So, a high SIR of 15dB even in the presence of interference would make the coexistence tests completely ineffective.
· In general, collisions can result in very low SIR, much lower than 0dB, to high SIR, much higher than 0dB. 
· Collisions that result in low SIR are the ones that unfairly impact a co-channel node. 
· Collisions that can maintain a high SIR contribute to spatial reuse.
· The goal of the present RAN4 tests is to check coexistence between LAA and Wi-Fi and hence they should emulate the low SIR scenario due to collisions. 
· Given the above, if only a single SIR value is chosen for the tests, it is appropriate to choose an SIR of 0dB. An SIR of 0dB is also about midway between the achievable SIRs in the system.
 
To further support our argument, we present below the CDF of SIR obtained from the 3GPP Indoor network model.
SIR/SINR CDF based on evaluations on the 3GPP Indoor network model
As discussed above, in order to effectively evaluate fair coexistence, it is necessary to set the representative SIR at the victim receiver to be low enough so that collisions due to improper channel access can be detected via degradation in higher level system metrics. 
We consider below the CDF of SIR obtained from the 3GPP Indoor network model. This model has been specified in the LAA Technical Report [10] and has been used for all the coexistence evaluations in 3GPP RAN1 for Release 13 and Release 14 LAA design.
The salient characteristics of the network model are as follows:
· Network Layout (reproduced from table A.1.1 of the LAA TR)
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· One Wi-Fi operator with 4 APs and one LAA operator with 4 eNBs on a single 20MHz carrier in the 5GHz band. 
· The AP/eNBs of each operator are equally spaced and centered along the shorter dimension of the grid. This means that each operator is assumed to have a planned deployment of nodes.
· The distance between two closest nodes from two operators is random. This means that inter-operator coordination is not assumed.
· Each operator network consists of 10 or 20 STA/UEs respectively. All STA/UEs are dropped randomly within the coverage of the corresponding unlicensed AP/eNB. 
· For LAA UEs, cell selection is based on RSRP in the unlicensed band. 
· For Wi-Fi STAs, cell selection is based on RSS (Received signal power strength) of Wi-Fi APs

The SIR CDF represents the average SIR at each Wi-Fi STA and LAA UE over each simulation drop containing 42 UEs and STAs.  Each drop is repeated over 15 random seeds. 
· Note that, as explained above, this is not a CDF of the actual operating SINR (which may be much higher), but the CDF of the hypothetical SIR under the assumption that the interfering link transmits at the same time as the signal link. The SIR in the coexistence tests corresponds to this latter interpretation.
· The SIR distribution below does not consider the two nodes (1 Wi-Fi AP and 1 LAA eNB) at the edge of the network.  This is because the edge nodes may not have any suitable closest interfering neighbor.
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Observations:
· If we consider the SIR based on only the nearest interfering link, the median SIR is 1.43dB. If we consider the SIR based on all interfering links the median SIR is -0.16dB. 
· In the given network configuration with 4 LAA eNBs and 4 Wi-Fi APs, the total number of interfering links at any given receiver is at most 4.
· An SIR of 15dB that is being proposed by some companies is greater than even the 99th percentile SIR obtained from the 3GPP Indoor network model.


Next, we consider the SIR CDF over all STA/UEs including ones that are at the edge of the network. These edge nodes may not have any viable interferer and may hence have a higher SIR. The SIR table is shown below.   
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Observations: Note that even in this case: 
· The median SIR considering only the nearest interfering link is 1.81dB while the median SIR considering all interfering links is 0.24dB.
· An SIR of 15dB proposed by some companies is greater than the 98th percentile SIR.

So, an analysis of the 3GPP network model that has been used by all coexistence evaluations in 3GPP RAN1 shows that the median SIR is approximately 0dB. It also shows that an assumption of an SIR >= 15dB is higher than even the 98th or 99th percentile SIR value and is hence completely unrealistic. 

Finally, we consider the CDF of the operating SINR of the 3GPP Indoor network model for a high load scenario. A high load scenario is defined as one with Buffer Occupancy > 55% (Appendix A.2.3 of [10]). The SINR is the post-processed SINR combined over the two receive antennas of the UE/STA.
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Observations:
· The 3GPP Indoor network model has a median operating SINR of approximately 22dB. Due to the channel sensing procedure among transmitting nodes, the SINR in many cases may map to only SNR when there are no simultaneous transmissions on the interfering links. So, the operating SINR is much higher (approximately 22dB higher) than the median SIR of the same model, if the SIR is calculated under the assumption that the interfering link transmits at the same time as the signal link. 
Conclusions
Observation 1: The coexistence tests infer channel access behavior indirectly via an observation of higher level system metrics such as throughput, outage, delay, jitter etc. For example, increase in collisions due to improper implementations of or differences in channel access mechanisms are sought to be detected indirectly via a drop in throughput or increase in outage. 
Observation 2: An SIR of 0dB in the presence of simultaneous transmissions will ensure that any increase in the collision rate causes a proportional increase in errors which are then detected via a corresponding degradation in system performance.
Observation 3: On the contrary, if the SIR in the presence of simultaneous transmissions is set as high as 15dB (as is being proposed by some companies): 
· Increase in collisions due to improper channel access may not cause higher errors and there may not be any detectable drop in throughput or increase in outage. 
· It would also not exercise important channel access mechanisms such as Contention Window adaptation that are triggered by errors due to collisions.  
So, a high SIR of 15dB even in the presence of interference would make the coexistence tests completely ineffective.

Observation 4: The 3GPP Indoor network model that has been used in all coexistence evaluations in 3GPP RAN1 for both Release 13 and Release 14 LAA has a median SIR near 0dB. 
Observation 5: An SIR of 15dB is greater than the 98th or 99th percentile SIR of the 3GPP network model and is hence unrealistic.
Observation 6: The SIR under discussion for the coexistence tests is the SIR obtained 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 and hence the actual operating SIR will be much higher.
[bookmark: _GoBack]Observation 7: The 3GPP Indoor network model has an operating SINR of 22dB for a high load scenario, the SINR being the post-processed SINR combined over the two receive antennas of the UE/STA.
Observation 8: An SIR of 0dB is also used in the LTE-U Wi-Fi coexistence test plan developed by the Wi-Fi Alliance.
Proposal 1: The SIR at the victim receiver shall be set to 0dB. 
Proposal 2: The details of the SIR measurement protocol are FFS.
References
[1] [bookmark: _Ref465680604][bookmark: _Ref462217066][bookmark: _Ref447233855][bookmark: _Ref416453523][bookmark: _Ref442383060]R4-168893, Way Forward on additional issues related to multi-node tests for LAA (RAN4#80-BIS)
[2] [bookmark: _Ref465681034]R4-168545, Further details on multi-node throughput tests for Rel-13 LAA, Ericsson (RAN4#80-BIS)
[3] [bookmark: _Ref465681509]R4-165830, Throughput test for LAA multi-node tests, Qualcomm Incorporated (RAN4#80)
[4] [bookmark: _Ref465681684]R4-167749, Additional proposals for LAA multi-node tests, Qualcomm Incorporated (RAN4#80-BIS)
[5] [bookmark: _Ref465681835]R4-168405, Further consideration on throughput test, Nokia (RAN4#80-BIS)
[6] [bookmark: _Ref465686357]R4-167941, Multi-node tests for LAA Wi-Fi coexistence, Broadcom, CableLabs, Cisco, HPE, Marvell, Microsoft (RAN4#80-BIS)
[7] [bookmark: _Ref465686375]Way Forward on multi-node coexistence tests, Broadcom, CableLabs, Cisco, HPE, Marvell, Microsoft, Orange, Wi-Fi Alliance (RAN4#80-BIS)
[8] [bookmark: _Ref465697895]Wi-Fi Alliance Coexistence Test Plan v1.0
[9] [bookmark: _Ref465697508]R4-167653, Consideration on multi-node testing, Huawei (RAN4#80-BIS)
[10] [bookmark: _Ref465771803]3GPP TR 36.889, Study on Licensed-Assisted Access to Unlicensed Spectrum
image2.png




image3.png
percentile] SIR-mearest: SIR-all-
interferer (dB) | interferers (dB)
0 -23.52 -25.06)
5 -10.27 -11.39
10 -5.47| -7.43
15 -3.77| -5.38]
20| -2.64] -4.30]
25 -1.78] -3.69
30| -1.13 -2.87|
35 -0.57| -2.33
40| 0.11 -1.59
45 0.95 -0.74]
50| 1.43 -0.16}
55 2.01 0.33
60| 2.70 0.71]
65 3.21 1.10|
70| 3.74 1.71
75 419 237
80| 4.82 3.03
85 5.86 3.67
90| 6.84 4.75
95 8.49 6.59
96| 9.03 7.02)
97| 9.51 7.65)
98| 10.36 8.53)
99 11.14 10.15)
100 22.83 21.10]





image4.png
percentile] SIR-mearest: SIR-all-
interferer (dB) | interferers (dB)
0 -27.51 -30.00
5 -9.38] -10.47
10 -5.46| -7.35
15 -3.77| -5.21
20| -2.59 -4.10]
25 -1.72 -3.36}
30| -0.95 -2.62
35 -0.35 -1.89
40| 0.43 -1.25
45 1.22 -0.37]
50| 1.81 0.24)
55 2.56 0.71]
60| 3.09 1.17|
65 3.60 1.84]
70| 411 2.39
75 473 3.11]
80| 5.86 3.85
85 6.75 5.15)
90| 7.96 6.54)
95 10.39 8.99
96| 10.95 9.97,
97| 11.69 10.62)
98| 13.33 11.63)
99 17.74) 15.62
100 22.83 21.10]





image5.png
SINR(dB)

——Combined receved SINR





image1.emf
 

120 m  

50 m  

       

   

   

       

   

   


