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1. Introduction

In RAN#92 meeting, there was discussion on simulation methodology for NR unlicensed operation and the following agreements were made [1]:
	Agreement:
The following network topologies are included in the evaluations:

· Indoor sub7GHz, choose one of the following options

· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)

· Option 3: Based on IEEE indoor enterprise model with modifications

· Outdoor sub7GHz

· NR dense urban scenario with two layers, but only consider the micro layer

· Randomly drop one micro layer per operator

· Indoor mmW

· Reuse indoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

· Outdoor mmW

· Reuse outdoor sub7GHz topology 
· Parameter changes may be needed and submitted together with simulation results 


In this contribution, we provide our views on evaluation assumptions for NR-U system level evaluation.
2. Discussion
2.1. Network topology
In this section, we describe network topologies for indoor hotspot and outdoor scenario (dense urban).
Indoor hotspot
In RAN1#92 meeting, three options were discussed for network topology to be evaluated at the indoor in sub-7 GHz. Reusing indoor hotspot topology in [2] and [4], Option 1 and Option 2 can be depicted as Figures 1-(a) and 1-(b).
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(a) Option 1: 6 TRPs per operator
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(b) Option 2: 3 TRPs per operator
Figure 1. Network topologies for indoor hotspot
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Figure 2-(a) CDF of gNB to UE RSS 
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Figure 2-(b) CDF of gNB to gNB RSS
Coexistence performance evaluation was performed similar to eLAA for above two options in Figure 1. The simulation assumptions are based on [2] and the 5GCM of [5] is used as channel models in our evaluations. Figures 2-(a) and 2-(b) show the distribution of received signal power strength (RSS) from gNB to UE and from gNB to gNB, respectively. We can observe that the ratio of links having RSS lower than –72 dBm is around 20 %. Figures 3-(a) and 3-(b) show DL and UL performance of Wi-Fi and LAA for cross carrier scheduling case when network topology is given as Figures 1-(a) and 1-(b), respectively. The detailed coexistence evaluation results for DL+UL LAA and DL+UL Wi-Fi can be found in Appendix A. For both two options, it is observed that LAA and Wi-Fi have DL and UL performance improvement compared to DL and UL performance of Wi-Fi only scenario.
Although the evaluation results of both two options show comparable performance, we prefer Option 1 (reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)) since it seems more realistic. Therefore, we suggest to adopt Option 1 to evaluate indoor sub-7 GHz in NR-U.
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(a) 3 TRPs per operator
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(b) 6 TRPs per operator
Figure 3. UL/DL performance for cross-carrier scheduling (CCS) case
Proposal #1: For network topology of indoor hotspot scenario on sub-7 GHz, adopt Option 1 (as shown in Figure 1-(a)).
· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

Outdoor (Dense urban)

It was agreed that NR dense urban scenario with two layers is considered as baseline of the NR-U outdoor scenario in sub-7 GHz. In detail, similar to LAA, clusters can be deployed uniformly randomly within macro layer and also 4 micro TRPs per operator can be randomly dropped within the cluster as shown in Figure 4 [3].
[image: image9.emf]Macro Node

Distance between cluster and 

macro node

R

1

Cluster 1

D

m

a

c

r

o

-

c

l

u

s

t

e

r

R

2

R

1

: radius of small cell dropping within a cluster;

R

2

: radius of UE dropping within a cluster


Figure 4. Layout of outdoor scenario [3]
Proposal# 2: For dense urban outdoor scenario, a cluster is deployed uniformly randomly within a macro cell area and 4 TRPs per operator are randomly dropped in the cluster.

2.2. Antenna configuration

Referring to [4], antenna configuration can be expressed by 5-tuple (M, N, P, Mg, Ng) where Mg is the number of panels in a column and Ng is the number of panels in row. On each antenna panel, antenna elements are placed in the vertical and horizontal directions, where N is the number of columns, M is the number of antenna elements with the same polarization in each column. The antenna elements are uniformly spaced in the horizontal direction with a spacing of dH and in the vertical direction with a spacing of dV. The antenna panel is either co-polarized (P=1) or cross-polarized (P=2). Following antenna configurations can be assumed for sub-7 GHz as discussed in [2].
· gNB antenna configuration: (1, 2, 2, 1, 1), dH = dV = 0.5 
· UE antenna configuration: (1, 1, 2, 1, 1), dH = dV = 0.5 
Proposal #3: Consider the following antenna configuration for sub-7 GHz. 
· gNB antenna configuration: (1, 2, 2, 1, 1), dH = dV = 0.5 
· UE antenna configuration: (1, 1, 2, 1, 1), dH = dV = 0.5 
2.3. Remaining evaluation assumptions
Referring to [3], LAA evaluation assumption can be the baseline for following remaining parameters.
1 Total TX power: 18 dBm

2 Traffic model: FTP model 3

3 FTP model file size: 0.5 Mbytes

4 DL/UL traffic ratio: Baseline 50% DL traffic and 50% UL traffic (Optional: 80% DL traffic and 20% UL traffic)

5 UE speed: 3 km/h

6 Cell selection criteria
· For NR-U/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) from Wi-Fi APs. RSS threshold is -82 dBm.
7 Performance metric: {User perceived throughput (UPT), Latency} with respect to average buffer occupancy (BO)
Proposal #4: The LAA evaluation assumption can be the basis for the NR-U and the parameters are given in Section 2.3
3. Conclusion
In this contribution, we provided our views on simulation methodology for NR unlicensed, and proposals are as follows.
Proposal #1: For network topology of indoor hotspot scenario on sub-7 GHz, adopt Option 1.

· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

Proposal# 2: For dense urban outdoor scenario, a cluster is deployed uniformly randomly within a macro cell area and 4 TRPs per operator are randomly dropped in the cluster.
Proposal #3: Consider the following antenna configurations for sub-7 GHz.
· gNB antenna configuration: (1, 2, 2, 1, 1), dH = dV = 0.5 
· UE antenna configuration: (1, 1, 2, 1, 1), dH = dV = 0.5 
Proposal #4: The NR-U evaluation parameters are given as follows.
1 Total TX power: 18 dBm 

2 Traffic model: FTP model 3

3 FTP model file size: 0.5 Mbytes

4 DL/UL traffic ratio: Baseline 50% DL traffic and 50% UL traffic (Optional: 80% DL traffic and 20% UL traffic)

5 UE speed: 3 km/h

6 Cell selection criteria

· For NR-U/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) from Wi-Fi APs. RSS threshold is -82 dBm.
7 Performance metric: {User perceived throughput (UPT), Latency} with respect to average buffer occupancy (BO)
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Appendix A. Coexistence Evaluation Results for DL+UL LAA and DL+UL Wi-Fi 

Table A.1: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic for 3 TRPs per operator
	Reported parameters
	Low load

BO range for Wi-Fi Opt.B in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi Opt. B in Step 1: 35%~50%
	High load

BO range for Wi-Fi Opt.B  in Step 1: above 55%

	
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2

	DL:
UPT CDF
[Mbps]
	5%
	7.85
	5.72
	33.06
	39.21
	1.00
	1.00
	28.04
	34.15
	0.22
	0.20
	23.99
	27.65

	
	50%
	35.39
	34.79
	43.44
	49.72
	23.70
	22.96
	39.93
	46.13
	8.79
	8.11
	36.07
	41.74

	
	95%
	47.32
	46.77
	51.75
	60.14
	40.32
	40.70
	48.77
	56.49
	33.07
	33.08
	44.94
	53.52

	
	Mean
	32.98
	32.61
	43.22
	49.86
	21.98
	21.66
	39.38
	45.88
	12.38
	12.30
	35.49
	41.45

	UL:
UPT CDF
[Mbps]
	5%
	9.71
	9.83
	35.23
	9.81
	2.16
	1.85
	30.39
	12.14
	0.89
	1.10
	26.85
	4.95

	
	50%
	37.91
	37.69
	43.77
	48.98
	25.47
	25.47
	40.71
	44.63
	10.87
	9.76
	37.94
	41.58

	
	95%
	48.64
	48.45
	52.36
	57.87
	44.67
	43.56
	49.27
	55.08
	36.68
	35.97
	47.35
	51.67

	
	Mean
	35.20
	35.06
	43.94
	46.35
	24.01
	23.78
	40.34
	41.58
	14.25
	13.96
	37.40
	38.32


Table A.2: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic for 6 TRPs per operator
	Reported parameters
	Low load

BO range for Wi-Fi Opt.B in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi Opt. B in Step 1: 35%~50%
	High load

BO range for Wi-Fi Opt.B  in Step 1: above 55%

	
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2

	DL:
UPT CDF
[Mbps]
	5%
	9.26
	9.35
	13.03
	14.07
	0.74
	0.49
	1.82
	1.27
	0.04
	0.03
	0.16
	0.02

	
	50%
	27.66
	27.51
	32.44
	37.75
	8.83
	8.69
	18.95
	21.16
	1.00
	0.97
	2.62
	1.77

	
	95%
	40.43
	40.50
	43.54
	50.98
	31.30
	31.37
	36.12
	41.72
	11.27
	10.38
	17.80
	21.26

	
	Mean
	26.75
	26.74
	31.19
	36.46
	11.89
	11.70
	18.07
	21.45
	3.02
	2.89
	4.88
	5.01

	UL:
UPT CDF
[Mbps]
	5%
	9.45
	9.45
	16.78
	10.28
	0.93
	0.90
	3.15
	0.26
	0.09
	0.10
	0.19
	0.02

	
	50%
	30.16
	29.52
	33.70
	37.08
	10.23
	10.19
	21.34
	19.48
	2.21
	2.16
	4.70
	1.92

	
	95%
	42.42
	42.94
	43.87
	49.97
	33.29
	32.91
	37.48
	42.45
	11.96
	11.91
	19.76
	19.78

	
	Mean
	28.93
	28.66
	32.80
	33.90
	13.21
	12.91
	20.25
	19.53
	3.87
	3.67
	6.67
	5.06
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