3GPP TSG RAN WG1 Meeting #95								    R1-1813216
Spokane, USA, November 12th – 16th, 2018

Agenda Item:	7.2.2.1
Source:	InterDigital Inc.
Title:	NR-U coexistence evaluation results 
Document for:	Discussion and Decision
Introduction
In this contribution, we present evaluation results for coexistence between WiFi and NR-U. The deployment scenarios used for this evaluation are the ones approved and later the layout dimensions were agreed in RAN1#92, 92b and 93 meetings [1,2,3]. 

Coexistence evaluation 

To evaluate coexistence between WiFi and NRU, the following scenarios are simulated: 
· Wi-Fi + Wi-Fi
· Wi-Fi + NR-U 
· NR-U + NR-U 

The goal for simulation of the top two scenarios is to evaluate the performance of WiFi with and without presence of NR-U. This is to verify whether the objective of the NR-U SI [4] is met. Particularly, to evaluate the impact of an NR-U network on an existing WiFi network as described in the SID [4]:
“Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 6GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; ”
Evalution assumptions
The general assumptions regarding deployment scenarios are taken from the agreements in [2,3], and for convenience reported in Appendix in Table 1. 
Impementation-related assumptions for WiFi is reported in Appendix in Table 2 and the assumptions for NR-U is reported in Appendix in Table 3.    
Evaluation results – Indoor deployment
The table below shows coexistence evaluation results for the three scenarios (Wi-Fi+Wi-Fi, Wi-Fi+NR-U and NR-U+NR-U) under low, medium and high traffic load.
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	DL
UPT CDF
[Mbps]
	5%
	17.154
	17.711
	41.850
	63.416
	3.943
	4.645
	9.842
	22.380
	1.500
	1.402
	2.691
	23.185

	
	
	50%
	77.534
	86.665
	148.551
	171.191
	32.930
	36.844
	82.630
	146.557
	13.770
	19.858
	53.544
	122.645

	
	
	95%
	128.170
	133.654
	198.427
	198.431
	110.541
	113.586
	197.805
	198.370
	73.161
	97.293
	194.578
	197.587

	
	
	Mean
	76.170
	80.257
	140.165
	155.393
	42.386
	47.433
	94.770
	131.612
	21.862
	31.864
	75.520
	120.925

	
	DL
Delay CDF
[s]
	5%
	0.032
	0.031
	0.021
	0.021
	0.036
	0.036
	0.021
	0.021
	0.063
	0.044
	0.021
	0.021

	
	
	50%
	0.056
	0.050
	0.027
	0.025
	0.133
	0.129
	0.055
	0.30
	0.385
	0.280
	0.094
	0.034

	
	
	95%
	0.215
	0.232
	0.094
	0.064
	1.063
	1.391
	1.116
	0.187
	2.866
	2.908
	2.647
	0.191

	
	
	Mean
	0.085
	0.081
	0.043
	0.037
	0.278
	0.325
	0.225
	0.055
	0.782
	0.658
	0.505
	0.062

	
	UL
UPT CDF
[Mbps]
	5%
	28.220
	31.549
	30.852
	26.097
	13.497
	10.113
	7.552
	18.442
	7.330
	3.494
	4.978
	16.160

	
	
	50%
	81.430
	95.070
	147.554
	157.696
	44.765
	52.213
	66.107
	67.717
	28.108
	31.130
	40.481
	65.771

	
	
	95%
	125.537
	129.270
	198.879
	198.460
	113.807
	116.741
	167.788
	171.151
	77.057
	109.554
	162.036
	170.362

	
	
	Mean
	80.987
	89.301
	133.846
	141.838
	53.162
	56.365
	75.220
	79.673
	33.345
	41.111
	59.763
	78.704

	
	UL
Delay CDF
[s]
	5%
	0.033
	0.031
	0.021
	0.032
	0.035
	0.036
	0.026
	0.024
	0.060
	0.038
	0.030
	0.024

	
	
	50%
	0.050
	0.044
	0.027
	0.024
	0.095
	0.085
	0.072
	0.063
	0.150
	0.160
	0.160
	0.063

	
	
	95%
	0.128
	0.127
	0.134
	0.122
	0.306
	0.913
	0.726
	0.224
	0.659
	1.241
	1.241
	0.226

	
	
	Mean
	0.064
	0.058
	0.044
	0.044
	0.125
	0.223
	0.203
	0.086
	0.227
	0.338
	0.338
	0.084

	
	𝜌DL
	0.9990
	0.9994
	0.9994
	1.00
	0.9916
	0.9960
	0.9960
	1.00
	0.9786
	0.967
	0.9760
	1.00

	
	𝜌UL
	0.9984
	0.9995
	1.00
	1.00
	0.9980
	0.9974
	1.00
	1.00
	0.9957
	0.976
	0.9673
	0.9870

	
	BO
	11.00
	10.4
	5.83
	4.68
	39.50
	42.00
	28.60
	16.6
	67.88
	62.00
	40.60
	18.00

	
	𝜆
	0.167/0.167
	0.3/0.3
	0.4/0.4

	
	
	Additional comments:



The results above show that in all three various level of traffic loads, Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi.
Observation 1: Our results show that in all the indoor simulated scenarios, Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi.
Summary
In this contribution we submitted our simulation results for coexistence between WiFi and NR-U networks. 
Observation 1: Our results show that in all the indoor simulated scenarios, Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi.
Appendix
Table 1: Indoor Sub-7 deployment Scenario
	
	Indoor Sub-7GHz

	Layout
	From R1-1807384, with (a,b,c,d)=(20,40,20,40)
[bookmark: _GoBack][image: cid:image001.png@01D3E3E6.8A8631F0]

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	30 KHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	UE receiver
	MMSE-IRC

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), 
dH = dV = 0.5 λ

	Traffic model
	According to 36.889 Table A.1.1. 
DL/UL FTP traffic – DL/UL traffic ratio: 50% DL and 50% UL
Low load: Buffer occupancy 10% to 25%
Medium load: Buffer occupancy 35% to 50%
High load: Buffer occupancy above 55%

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability



Table 2: Additional WiFi Evaluation assumptions 
	Parameter
	Wi-Fi system evaluation assumptions

	MCS
	802.11ac MCS table with 256 QAM

	Antenna Configuration
	2Tx2Rx in DL, cross-polarized, open loop
2Tx2Rx in UL

	MIMO layers
	2 streams in both DL and UL

	Guard interval
	0.8 µs

	TXOP duartion
	4 ms

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	Max PPDU duration
	4 ms

	MAC
	Coordination
	EDCA AC4

	
	SIFS, DIFS
	16 µs, 25µs

	
	Detection
	CCA-CS

	
	RTS/CTS
	On

	
	CWS {min, max}
	DL: {15,63}
UL: {15,1023}

	CCA-CS
	-82dBm

	CCA-ED 
	-62dBm

	Rate control
	Minstrel algorithm with 100 ms reconfiguration period

	Channel selection
	Minimum neighbour

	OFDM symbol length
	4µs



Table 3: Additional NR-U Evaluation assumptions 
	Parameters
	NR-U System evaluation assumption

	Antenna configuration	
	4Tx2Rx in DL, Cross-polarized. 

	Transmission schemes
	QPSK/16QAM/64QAM/256QAM

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-72 dBm

	[bookmark: _Hlk528931443]Cyclic Prefix
	Normal

	Subcarrier spacing
	30KHz

	MCOT
	4 ms

	UE processing capability
	Capability #1

	CWS {min, max}
	DL: {15,63}
UL: {15,1023}

	COT details
	gNB assisted dynamic COT sharing. 
Flexible COT reconfiguration - DL only, UL only, Mixed DL/UL (with single switching point). 
COT reconfiguration based on traffic needs.

	DL slot symbols 
	3 DL control, 11 DL data

	UL slot symbols
	3 UL control, 11 UL data
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