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1	Introduction
In RAN1#92 [1], the following agreements regarding to NR-U coexistence with other networks have been reached 
Agreement:
· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)
· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)
· Fairness criterion for coexistence with 11ax can be further discussed at plenary level
· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)
· From SID: 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
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations
· Note: The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands

In this contribution, we provide the coexistence evaluation results for NR-U and WiFi.
[bookmark: _Ref178064866]2	Coexistence Evaluation
2.1	Coexistence evaluation assumptions
Similar to LTE-based LAA, coexistence evaluation methodology is as follow:
· WiFi and NR-U coexistence
· For each UE and eNB/AP drop
· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.
· Step 2: Wi-Fi is replaced with NR-U for the group of gNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the NR-U network are evaluated and recorded.
· Performance metrics for the Wi-Fi operator common to the two steps are compared.
· NR-U and NR-U coexistence
· Performance metrics for two NR-U operators coexisting in a given evaluation scenario are evaluated and recorded.
· Performance metrics for the two NR-U operators are compared.

In our evaluation, we consider two operators named Operator A and Operator B. In the Wi-Fi and NR-U coexistence scenario, in the first step Operator A and B both use Wi-Fi. In the second step, operator A and its corresponding UEs are replaced by an NR-U operator and NR-U UEs while operator B and its UEs remain unchanged. In the NR-U and NR-U coexistence scenario both operators that coexist with each other are NR-U networks.
The simulation assumptions are based on the agreed coexistence assumptions in RAN1, in which some main parameters are defined in Table 3 in the Appendix. Our preferences on the assumptions that remained optional or need clarifications when results are provided below. 
In all the indoor coexistence evaluations, the transmit power of the base station is assumed to be 20 dBm. The average received power CDFs are given in the appendix, which show that there are more than 10% of the serving links have received power below -72dBm as in RAN1 agreements. We also assume the mixed traffic scenarios in which the traffic ratio between DL and UL is 50:50. Channel access mechanisms follow the same principles defined for LAA for both DL and UL. The used LBT parameters are listed in the appendix. 
NR-U uses self-scheduling for UL transmissions, i.e. the grant is sent on the same unlicensed carrier as the data transmission. Additionally, no licensed carrier is being considered and the Processing delays are modelled according to UE Capability #1. 
For Wi-Fi networks, we evaluate with 802.11ac system assumptions. Finally, Table 1 and Table 2 capture our assumptions for Wi-Fi and NR-U systems, respectively.
[bookmark: _Ref410295853]Table 1 Additional WiFi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration		
	4Tx2Rx in DL, Cross-polarized 

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	MPDU size
	1500B MSDU + 14 B header

	MCOT
	6 ms 

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	No

	
	Contention window
	Per DCF

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED 
	-62dBm

	ACK Modeled (successful reception, resources utilized)
	Yes

	Rate control
	Minstrel algorithm

	OFDM symbol length
	4 micro second

	Contention Window {min, max}
	DL: {15,63}
UL: {15,1023}



[bookmark: _Ref410295860]Table 2 Additional NR-U system evaluations assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration	
	4Tx2Rx in DL, Cross-polarized. 

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

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-72 dBm

	Cyclic Prefix
	Normal

	Subcarrier spacing
	30KHz

	MCOT
	6 ms

	UE processing capability
	 Capability #1

	Contention Window {min, max}
	DL: {15,63}
UL: {15,1023}



2.2	Coexistence evaluation results
Based on the simulation assumption that specified in Table 1 and Table2 we set up three evaluation scenarios to study coexistence of Wi-Fi network with Wi-Fi, Wi-Fi with NR-U and finally NR-U with NR-U to see coexistence of two NR-U operators. 
Figure 1: (a) DL performance of Wi-Fi coexisting with Wi-Fi/NR-U. (b) DL performance of NR-U coexisting with Wi-Fi/NR-U.
(a)
(b)

The system performance results in figure 1a and 2a show that not only does NR-U with DL and UL traffic coexists in a friendly manner with Wi-Fi but also boosts Wi-Fi performance as compared to the case where two Wi-Fi networks coexist with each other. Some of the major elements which make NR-U a good neighbor to Wi-Fi in the unlicensed band where both technologies have to share the medium are listed below:(a)
(b)
Figure 2: (a) UL performance of Wi-Fi coexisting with Wi-Fi/NR-U. (b) UL performance of NR-U coexisting with Wi-Fi/NR-U.

· The NR-U uplink traffic is scheduled by the NR-U gNBs, which reduces the number of contending nodes at any given time. In the Wi-Fi network, all UEs with non-empty UL buffer contend to access the medium and by that introduce intra-cell collisions and higher inter-cell collisions. 
· NR-U, as compared to the evaluated 802.11ac Wi-Fi, has more robust interference mitigation, error correction and retransmission schemes which result in greater efficiency in serving the traffic and reducing resource utilization thus providing more opportunities for other systems to access the medium.
· NR-U uses the same sensing threshold irrespective of transmissions from NR-U or Wi-Fi nodes as opposed to Wi-Fi which uses a higher sensing threshold for NR-U as compared to Wi-Fi. 
[bookmark: _Toc521580666]NR-U can improve the performance of a coexisting Wi-Fi operator.
NR-U networks on the unlicensed band can coexist well with Wi-Fi networks.
[bookmark: _Toc521580667]Additionally, the results in Figure 1b and Figure 2b demonstrate that when NR-U coexists with another NR-U network, it can achieve better performance than coexisting with Wi-Fi.  
NR-U networks on the unlicensed band can coexist well with each other.



Conclusion
In the previous sections we made the following observation and proposals for indoor coexistence evaluation for NR-U and WiFi: 
1.  NR-U can improve the performance of a coexisting Wi-Fi operator.
1. NR-U networks on the unlicensed band can coexist well with Wi-Fi networks.
 NR-U networks on the unlicensed band can coexist well with each other.
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Appendix
Table 3 Simulation parameters for indoor sub-7GHz scenario
	Layout for nodes
	Layout dimensions: 120mx80m
[image: cid:image001.png@01D3E3E6.8A8631F0]
a=20 meters, b=40 meters, c=20 meters, and d=40 meters

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of carriers
	1

	Number of users per operator
	5 per gNB

	SCS
	30kHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	20dBm (subtract 3dBm from 23dBm to meet EIRP limit with BF)

	UE/STA Tx Power
	18dBm 

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0dBi

	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 as the baseline receiver

	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
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 

	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

	UE/STA dropping per network
	All UEs should be randomly dropped and be within coverage of the gNB/AP in the unlicensed band.
Example of a dropping method to achieve this with N=5 UEs/STAs per gNB /AP: 
· Randomly drop a large enough number of UEs over the whole 120mx80m building.
· Each UE/STA select the best gNB /AP (according to RSSI) as its serving gNB /AP. The number of dropping UEs in the first step should be large enough such that at least 5 UEs/STAs are associated to each BS/AP. 
· Each gNB AP randomly selects 5 UEs/STAs from its associated UEs/STAs.


Figure 5: CDF of Average Rx power for DL(left) and UL(right) transmissions.


Mean UL Object Data Rate Per User [Mbps]

NR-U coexisting with Wi-Fi	BO 15%	BO 30%	BO 70%	78.133600000000001	69.737700000000004	68.479399999999998	NR-U coexisting with NR-U	BO 15%	BO 30%	BO 70%	79.705299999999994	76.789400000000001	76.352400000000003	



Mean UL Object Data Rate Per User [Mbps]

Wi-Fi coexisting with Wi-Fi	BO 15%	BO 30%	BO 70%	75.413499999999999	59.275199999999998	48.532699999999998	Wi-Fi coexisting with NR-U	BO 15%	BO 30%	BO 70%	85.009500000000003	77.690399999999997	76.593400000000003	



Mean DL Object Data Rate Per User [Mbps]

NR-U coexisting with Wi-Fi	BO 15%	BO 30%	BO 70%	100.1844	90.616799999999998	89.1828	NR-U coexisting with NR-U	BO 15%	BO 30%	BO 70%	104.0228	101.26309999999999	100.84950000000001	



Mean DL Object Data Rate Per User [Mbps]

Wi-Fi coexisting with Wi-Fi	BO 15%	BO 30%	BO 70%	75.888199999999998	60.911799999999999	50.0824	Wi-Fi coexisting with NR-U	BO 15%	BO 30%	BO 70%	84.321799999999996	76.843400000000003	75.7226	
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Average DL Rx Power per user [dBm]
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