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1	Introduction
The study item on NR-based access to unlicensed spectrum that was approved at RAN#80 [1] includes the following objectives:
· 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;

The simulation methodology for NR-U operation has been discussed in several RAN1 meetings up to RAN1#94bis, and a number of agreements have been made. The detailed agreements are listed in the APPENDIX.
In this contribution, we present our evaluation results for NR-U co-existence with Wi-Fi operating in the agreed indoor scenario. 

2	Evaluation assumptions
The evaluation assumptions assumed in the simulations are listed in this section. The NR-U specific parameters are listed in Table 1, while Wi-Fi parameters are summarized in Table 2. For NR-U, dynamic and flexible selection of DL-UL slot assignment ratio was assumed, while the number of DL-UL switching points in a COT was limited to one. Moreover, for UL, TDM scheduling was assumed, where a gap of one symbol is created between UL slots assigned for different users. 















 Table 1. NR-U parameters assumed in the evaluations
	NRU parameter​
	​

	Subcarrier spacing​
	30 kHz​

	No of DL RBs​
	51​

	No of UL RBs​
	50​

	UL FD interlace width in RBs​
	5​

	MCOT
	8 ms​

	Flexible TDD radio frame options​
D = DL slot​
S = special slot​
U = UL slot​
	{DSUUUUUUUUUUUUUU​
DDSUUUUUUUUUUUUU​
…​
DDDDDDDDDDDDDDSU​
DDDDDDDDDDDDDDDS}​

	Network synchronization
	Same operator gNBs: synchronized
different operator gNBs: unsynchronized

	D slot symbols​
	1 DL control + 13 DL data​

	S slot symbols​
	1 DL control + 9 DL data + 4 UL control (sPUCCH)​

	U slot symbols​
	13 UL data + 1 UL control(sounding)​

	UE/gNBprocessing delay in DL/UL HARQ ​
	2 slots​

	Energy Detection Threshold
	-72 dBm

	Post-Tx gap between DLUL & ​LBT behavior after gap​
	24 us & Cat2

	Max DL/UL MCS​
	256 QAM, 0.92857​

	DRS interval​
	40 ms​

	DRS duration​
	1 slot​

	DRS window duration​
	5 ms​

	LBT for DRS​
	24 us single shot​

	Maximum number of missed A/N transmit opportunities before considering NACK for unacked DL PDUs​
	4​



 
Table 2. Wi-Fi parameters assumed in the evaluations.
	WiFi parameter​
	​

	Version​
	802.11 ac​

	Maximum MCS​
	256QAM 3/4​

	Max DL data streams​
	2​

	Max UL data streams ​
	1​

	RTS/CTS​
	Enabled

	Max no of PDU retransmissions​
	10​

	SIFS​
	4 symbols​

	Slot duration​
	2 symbols​

	DIFS​
	(SIFS + AIFSN *slotDuration)symbols​

	AP TXOP limit​
	4.096 ms​

	LBT
	Preamble detection: -82 dBm; Energy detection -62 dBm

	AP AIFSN​
	3​

	AP minCW​
	15​

	AP maxCW​
	63​

	STA TXOP limit​
	4.096 ms​

	STA AIFSN​
	3​

	STA minCW​
	15​

	STA maxCW​
	1023​




3	Evaluation results for Indoor Scenario   
The co-existence results for the agreed indoor scenario (see APPENDIX) are summarized in Table 3. In the figures, ‘W’ denotes WiFi, and ‘N’ NR-U. In the ‘W+N’ scenario Op1 is WiFi operator, and Op2 an NR-U operator. The simulations were run for three load points, low, medium, and high load, corresponding to approximately 15%, 35%, and 60% buffer occupancy in Wi-Fi-to-WiFi scenario. The DL-UL traffic ratio is 50-50. 

Table 3. Summary of UPT for various load point for DL and UL in different co-existence scenarios
	
	
	Low load
	Medium load
	High load

	
	
	Wi-Fi in
	Wi-Fi in
	NR-U in
	NR-U in
	Wi-Fi in
	Wi-Fi in
	NR-U in
	NR-U in
	Wi-Fi in
	Wi-Fi in
	NR-U in
	NR-U in

	
	
	WiFi+
	WiFi+
	WiFi+
	NR-U+
	WiFi+
	WiFi+
	WiFi+
	NR-U+
	WiFi+
	WiFi+
	WiFi+
	NR-U+

	
	
	WiFi
	NR-U
	NR-U
	NR-U
	WiFi
	NR-U
	NR-U
	NR-U
	WiFi
	NR-U
	NR-U
	NR-U

	DL: 
	5 %
	6,89
	7,59
	39,87
	42,19
	3,38
	3,23
	23,87
	42,12
	1,34
	1,49
	7,05
	36,50

	[bookmark: _GoBack]PPT CDF
	50 %
	35,83
	36,97
	120,95
	97,80
	22,79
	24,96
	100,97
	94,25
	11,26
	14,17
	74,25
	87,78

	[Mbps]
	95 %
	77,98
	79,51
	190,84
	186,51
	61,50
	62,42
	172,75
	182,16
	40,72
	51,33
	143,82
	177,31

	
	Mean
	39,91
	37,63
	120,04
	106,00
	26,77
	28,10
	100,36
	102,11
	14,91
	18,57
	75,30
	95,65

	DL:
	5 %
	42,23
	45,77
	19,76
	20,79
	49,01
	49,52
	20,67
	20,70
	68,97
	59,83
	21,84
	21,03

	Delay CDF
	50 %
	116,70
	112,65
	31,06
	42,11
	211,95
	183,95
	40,22
	43,36
	448,90
	325,72
	57,77
	45,74

	[s]
	95 %
	577,53
	521,78
	101,94
	111,14
	1234,80
	931,37
	205,60
	137,24
	2895,40
	2041,24
	430,25
	181,75

	
	Mean
	194,41
	191,64
	43,98
	52,49
	370,92
	306,45
	67,79
	58,06
	832,30
	571,74
	114,17
	83,90

	UL:
	5 %
	5,36
	5,86
	6,00
	15,49
	2,29
	2,59
	4,46
	16,07
	0,19
	0,29
	0,87
	13,38

	PPT CDF
	50 %
	32,30
	33,15
	33,98
	33,30
	22,48
	23,60
	24,10
	30,82
	12,00
	14,19
	14,97
	28,35

	[Mbps]
	95 %
	48,09
	49,77
	51,90
	52,79
	41,25
	42,11
	46,86
	49,24
	30,34
	34,02
	36,36
	47,76

	
	Mean
	32,44
	31,29
	32,51
	33,53
	22,68
	23,22
	24,68
	31,51
	13,32
	15,27
	16,65
	29,13

	UL:
	5 %
	74,44
	77,59
	67,16
	68,58
	77,41
	81,41
	69,98
	69,75
	91,63
	87,31
	76,77
	70,20

	Delay CDF
	50 %
	124,75
	116,30
	108,33
	116,65
	201,97
	178,00
	172,55
	129,67
	398,35
	304,75
	274,75
	138,97

	[s]
	95 %
	550,71
	548,54
	496,94
	269,00
	1301,15
	1140,48
	824,32
	292,93
	3245,64
	2660,31
	1694,62
	376,14

	
	Mean
	190,20
	192,89
	197,54
	186,67
	379,81
	352,00
	301,40
	172,35
	869,47
	700,39
	517,89
	202,12

	
	Rho DL
	0,92
	0,88
	0,97
	1,00
	0,89
	0,85
	0,96
	1,00
	0,85
	0,78
	0,93
	0,99

	
	Rho UL
	0,99
	0,95
	0,93
	0,99
	0,98
	0,94
	0,88
	0,98
	0,93
	0,87
	0,82
	0,96

	
	BO
	15,15
	17,12
	11,14
	6,70
	34,80
	33,12
	21,72
	11,06
	61,52
	54,18
	37,67
	16,32





Some basic observation can be drawn from these figures. NR-U outperforms Wi-Fi, when comparing deployments with Wi-Fi-only and NR-U-only. The relative difference in performance is larger for DL than UL, which may be due to UL being scheduled by the gNB (i.e. no AUL / configured grant operation). For both DL and UL, as well as for NR-U and Wi-Fi, TPut reduces with increasing load, but the relative degradation is larger for Wi-Fi.
In the Wi-Fi - NR-U co-existence scenario, the TPut of NR-U operator (Op2) reduces compared to NR-U – NR-U case, while the TPut of Wi-Fi operator (Op2) improves quite significantly, especially for UL. In the DL, NR-U still outperforms Wi-Fi by a fair margin, but in the UE the differences in performance are relatively small.  
   
Observation 1: NR-U outperforms Wi-Fi in all evaluated deployment scenarios.
Observation 2: In the Wi-Fi - NR-U co-existence scenario, the TPut of Wi-Fi Operator improves significantly compared to Wi-Fi only case




4	LBT for PUCCH	
As one part of the simulation campaign we also compared different options for channel access for PUCCH. More specifically, we consider PUCCH of short duration, located in the start of the UL part of the COT. Two alternatives were considered:
· Alternative 1: The gap between the end of DL transmission and the PUCCH is 25 µs. CAT 2 LBT is performed prior to PUCCH.
· Alternative 2: The gap between the end of DL transmission and the PUCCH is 16 µs, accommodating the transceiver turnaround time. UE, as the responding node, transmits PUCCH immediately.    


Figure 1. Comparison of TPut when PUCCH is transmitted either without LBT with a 16 us gap, or with Cat 2 LBT & 25 us gap., 

The evaluation results comparing the two alternatives with low, medium, and high load are summarized in Figure 1. As can be seen from the figure, Alternative 2 provides a significant improvement to system performance, considering both NR-U and Wi-Fi, and downlink and uplink operation. The reason for this appears to be that because of hidden nodes, transmission of PUCCH (i.e. HARQ-ACKs for DL data) is often blocked, and consequently the gNB needs to unnecessarily wait for UE feedback before further DL scheduling even though it sees a vacant operating channel. Transmitting PUCCH immediately after DL avoids this issue, and enable more efficient NR-U DL scheduling, which in turn helps nearby nodes (both NR-U and Wi-Fi) as the channel can be accessed in a timely manner.

Observation 3: Transmitting HARQ-ACK feedback immediately after an up to 16 µs gap following DL transmission is beneficial for NR-U in terms of TPut, and also benefits other nearby nodes, such as Wi-Fi.   
 
4. 	Conclusions
In this contribution, we have presented our evaluation results for NR-Unlicensed – Wi-Fi co-existence in Indoor scenario. Following observations are made: 

Observation 1: NR-U outperforms Wi-Fi in all evaluated deployment scenarios.
Observation 2: In the Wi-Fi - NR-U co-existence scenario, the TPut of Wi-Fi Operator improves significantly compared to Wi-Fi only case
Observation 3: Transmitting HARQ-ACK feedback immediately after an up to 16 µs gap following DL transmission is beneficial for NR-U in terms of TPut, and also benefits other nearby nodes, such as Wi-Fi.   
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APPENDIX: Agreements related to simulation methodology
 The simulation methodology for NR-U operation was discussed during RAN1#92bis [2] with following agreements:
Agreement:
· For sub7 indoor simulation evaluation:
· Scenario: Option 2 (3+3) with indoor mixed office model
· Target to reach 10%-15% serving links below -72dBm
· Further layout parameter fine tuning may be needed. An example procedure for fine tuning is the following sequence.
· Currently a-b-a=15-20-15
· If not reaching target, try a-b-a=15-30-15 and a-b-a=20-40-20
· If not reaching target, apply a scaling factor to the layout with a-b-a=20-40-20
· Other parameters: Default is NR parameters in 38.901 and 38.802 with the exception of the following
	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline, 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR InH Mixed Office model

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

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

	BS/AP Antenna gain
	0 dBi   

	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 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
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. Note: Results based on the mixed traffic models can be used to determine the design.

	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



Email discussion on further layout parameter fine tuning until May 3, 2018 (Jing, Qualcomm)
Agreement:
· For sub7 outdoor simulation evaluation:
· Select one of the following for the Outdoor sub-7 GHz scenario
· Alt 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum dibstance between gNBs as in NR
· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)
· Independent dropping between two operators
· Use the NR current [57.9] meters intra-operator minimum distance
· Use [10] meters as the inter-operator minimum distance
· UE randomly dropped within [28.9] meters within the serving cell
· Alt 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1
· Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 
· The minimum inter-gNB distance is [10] meters
· Within each hot-spot, drop UE within [28.9] meters from the hot-spot center
· Parameters: Use the indoor sub7 table as baseline, with further fine tunes possible
Agreement:
· For calibration for sub-7 GHz indoor and outdoor scenarios, companies should submit for the baseline scenario:
· Cdf of received signal power from serving cell
· Optional: Cdf of received signal power from each of the all non-serving cells (including the cells from the other operator)

Further agreement was made based [92b-NR-05] Email discussion on NR-U indoor sub7 calibration:
Proposal: Adopt layout as in Figure 1 with a=20 meters, b=40 meters, c=20 meters, and d=40 meters for indoor sub7GHz NR-U evaluation.
[image: cid:image001.png@01D3E3E6.8A8631F0]
Figure 1. Indoor sub7 simulation office layout
In RAN1#93 [3] the following was agreed:
Agreement:
· For sub7 GHz outdoor scenario, adopting the following
· Macro deployment with ISD=200×A meters
· Each operator randomly drops 1 micro-layer TRP within each macro cell sector with minimum distance between micro-layer TRPs equals 57.9×A meters
· Independent dropping between two operators
· Use 10 meters as the inter-operator micro-layer TRP minimum distance
· For the inter-operator micro-layer TRP maximum distance
· Outdoor scenario 1: 30
· Outdoor scenario 2: No limit as long as the TRP is within the macro cell
· UE randomly dropped within macro cell sector with a minimum serving cell RSSI of -82dBm
· All UEs dropped outdoor
· Try A>=1 and find the A that satisfies serving cell received power distribution satisfies (10+X)% to (15+X)%] UEs below -72dBm
· Other parameters follow the table below

	Parameters
	Outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR UMi street canyon

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

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

	BS/AP Antenna gain
	0 dBi   

	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 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
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 
Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability

	gNB to gNB link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability



In RAN1#94, the following agreements were made:
Agreements:
· The base metrics for NR-U evaluation are the same as in LTE-LAA in TR 36.889.
· For coexistence evaluations below 7GHz, for parameters not covered by previous agreements, the evaluations assumptions specified for LTE (e)LAA coexistence evaluations apply.
· For example, the minimum distance between a small cell and a UE, and between two UEs is three meters.
 Agreement:
· For coexistence evaluation, WiFi+WiFi, WiFi+NR-U and NR-U+NR-U evaluations are baseline with equal priority.
 Agreement:
A=1.0 for scenario 1 and A=1.5 for scenario 2
Note: The agreed scenarios are the baseline for generation of results to be included in the TR. Contributions based on other scenarios are not precluded from being considered for discussion and decisions on NR-U design

In RAN1#94bis the following agreements were made:
Conclusion:
For evaluation purpose, the previous agreement on dropping 5 UEs per gNB is interpreted as exactly 5 UEs are associated with each cell.
Agreement:
When submitting the evaluation result, the following has to be provided as well
· the TxOP assumptions of WiFi and NR-U 
· Is RTS/CTS enabled for WiFi
· PD/ED threshold assumptions
· Max modulation order supported in each technology
· MIMO scheme and number of MIMO layers used for both technologies
· WiFi MAC layer A-MPDU/A-MSDU aggregation level, MPDU size 
· NR-U SCS, 
· WiFi guard interval
· NR UE processing time capability (#1 or #2)
· NR PDSCH/PUSCH mapping type, PDCCH monitoring configuration
· Link adaptation assumptions
· NR assumption on self-scheduling or using cross carrier scheduling
 
Agreement:
For the coexistence evaluation of sub-7GHz bands other than 5GHz band, previously agreed to use technology neutral assumptions. Companies are encouraged to provide simulation results together with assumption on the technology neutral channel access mechanism.
Agreement:
The template in Annex B of TR 38.889 v0.1.1 is used to capture results in the TR at least for 5 GHz.


Gain from tranmitting PUCCH 16 us after DL vs. 24 us + Cat 2 LBT
Low load


Wi-Fi in Wi-Fi + NRU	NR-U in Wi-Fi + NRU	NR-U in NR-U + NR-U	4.1095890410958846E-2	3.5554820572184509E-2	6.0493579454253377E-2	


Gain from tranmitting PUCCH 16 us after DL vs. 24 us + Cat 2 LBT
Medium Load


Wi-Fi in Wi-Fi + NRU	NR-U in Wi-Fi + NRU	NR-U in NR-U + NR-U	9.08402725208175E-2	0.12877307274701422	8.7142246903032961E-2	


Gain from tranmitting PUCCH 16 us after DL vs. 24 us + Cat 2 LBT
High Load


Wi-Fi in Wi-Fi + NRU	NR-U in Wi-Fi + NRU	NR-U in NR-U + NR-U	0.22798251093066813	0.32092111709946103	0.1460954189413719	
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