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1 Introduction

In RAN1 #92bis meeting [1], the following agreements on simulation methodology for NR-U operation were made:

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 table in appendix A.
· 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 distance 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

· 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)
Based on the above agreements, this document discusses the remaining issues about simulation scenarios and assumptions for NR-U, also provides the calibration results for indoor and outdoor scenarios. Besides, the preliminary coexistence results for NR-U and Wi-Fi are also provided. 
2 Simulation scenarios and assumptions
2.1 Simulation scenarios
It has been agreed that deployments scenarios including CA between NR and NR-U (NR/NR-U CA), DC between LTE and NR-U (LTE/NR-U DC), DC between NR and NR-U (NR/NR-U DC), standalone NR-U (SA), and NR with DL in unlicensed band and UL in licensed band (DL NR-U/UL NR-L) should all be supported in this study item. However, from the perspective of system level simulation (SLS), all the scenarios can be divided into two classes depending on whether PUCCH transmission suffers from uncertainty of LBT or not. For example, in NR/NR-U CA and DL NR-U/UL NR-L cases, since all the uplink control signals are carried in licensed band, they could be classified into one category, and the rest could fall into another category.
Observation 1: In the system level simulation of NR-U, the deployment scenarios can be categorized depending on whether L1 uplink control signaling are modeled in unlicensed band. Reduced number of simulation cases can be considered.
2.2 Calibration for sub-7GHz indoor scenario
It has been agreed that, for sub-7GHz indoor simulation, to reflect the hidden node issues of real deployment scenario, there should be 10%-15% serving links below -72dBm. Considering the typical layout for indoor hotspot as shown in the following figure, we have evaluated the RSSI distributions with different layout parameters, e.g. (a,b,c,d)=(15,20,20,40), (a,b,c,d)=(15,30,20,40), (a,b,c,d)=(20,40,20,40), etc. 
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Figure 1. Layout for indoor hotspot 
The CDFs for received power at UE from gNB are provided in Figure 2. In this simulation, only links between UE and the associated gNB are calculated. It is observed that the layout with (a,b,c,d)=(20,40,20,40) can reach 10%-15% serving links below -72dBm.
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Figure 2.  CDF of received signal power at UE from gNB
Proposal 1: Mixed office layout with (a,b,c,d)=(20,40,20,40) should be used for sub-7G indoor scenario.
2.3 Layout for sub-7GHz outdoor scenario
Based on the agreements in RAN1#92bis, there are two alternative layouts for sub-7GHz outdoor scenario right now. For Alt 1, the inter-operator minimum distance is 10m, intra-operator minimum distance is 57.9m, and UEs are randomly dropped within 28.9m within the serving cell. While for Alt 2, gNB from each operator is randomly dropped within a circle of radius 10m centered at the center of the hot-spot, the minimum inter-gNB distance is 10m, and UEs are dropped within 28.9m from the hot-spot center. Since intra-operator minimum distance for Alt 2 has not been defined, in this simulation, same value as Alt 1, 57.9m is adopted. 
The RSSI distributions at UE from gNB with different layouts are evaluated as shown in Figure 3. All  cases including Alt 1 with 2 gNBs (1+1) and 4 gNBs (2+2),  Alt 2 with 2 gNBs (1+1) , 4 gNBs (2+2), and 6 gNBs (3+3) are evaluated in this simulation. It can be observed that with the same topology size (gNB number), Alt 2 always has smaller RSSI than Alt 1, this is because in Alt 2 UEs are dropped at the center of the hot-spot, while in Alt 1 UEs are dropped at the center of the serving cell, and the hidden node issue is more likely to occur in the former case. However, no matter in Alt 1 or Alt 2, it is difficult to reach 10%-15% serving links below -72dBm, and the radius for UE dropping should be enlarged (e.g. 70m). 
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Figure 3. CDF of received signal power at UE from gNB
Considering RSSI distributions at gNB from gNB, the mainly difference between Alt 1 and Alt 2 is the gNB dropping in each macro cell. As shown in Figure 4, if all the gNB-gNB links, including the intra-macro cell and inter-macro cell links are calculated, the inter-macro cell links will be dominant and there is nearly no difference between the two alternatives. 
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Figure 4. CDF of received signal power at gNB from gNB (including all links)
To make a better comparison, only the intra-macro cell links are calculated, and the CDFs of received signal power at gNB from gNB within the same macro cell are provided in Figure 5. It can be found that, Alt 2 can hardly reflect the hidden node issues. However, the parameters of Alt 1 may need a fine tuning to achieve a more realistic hidden node probability.
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Figure 5. RSSI distribution at gNB from gNB within the same macro cell
Proposal 2: For sub-7GHz outdoor scenario, layout for Alt.1 is preferred with further layout parameter fine tuning. Besides, the radius for UE dropping should be enlarged.
3 Coexistence performance with Wi-Fi
To show that NR-U could be a good neighbour to the incumbent systems deployed in unlicensed band, the coexistence performance of NR-U and Wi-Fi (11ac) is firstly evaluated in this section, and the Wi-Fi/Wi-Fi coexistence is considered as the baseline. All of the results are bases on the simulation assumptions listed in Appendix A.
Figure 6 shows the average UPT performance for NR-U and Wi-Fi coexistence. The bandwidth is 20MHz, SCS is 15kHz, traffic arrival rate 𝜆=0.15, 0.3 and 0.6 representing light, medium, and high traffic load, respectively. CCA-ED for NRU is -72dBm, and CCA-ED=-62dBm, CCA-CS = -82dBm for Wi-Fi. It is observed that the performance of Wi-Fi is not degraded when the interferer is changed from Wi-Fi to NR-U, under different SCS conditions. Thus NR-U provides fair coexistence. 
Observation 2: NR-U could coexist in a friendly manner with Wi-Fi.
[image: image6.png]80

B
S)

N
o

lambda =0.15 lambda=0.3 lambda=0.6

B Wi-Fi UPT when coexists with Wi-Fi
® NR-U UPT when coexists with Wi-Fi

B Wi-Fi UPT when coexists with NR-U
® NR-U UPT when coexists with NR-U




Figure 6. Average UPT(Mbps) performance for NR-U/Wi-Fi coexistence
4 Conclusion
In this contribution, we discussed the simulation scenarios and assumptions for NR-U evaluation. Based on the discussion, we have the following observation and proposals: 
Observation 1: In the system level simulation of NR-U, the deployment scenarios can be categorized depending on whether L1 uplink control signaling are modeled in unlicensed band. Reduced number of simulation cases can be considered.
Observation 2: NR-U could coexist in a friendly manner with Wi-Fi.
Proposal 1: Mixed office layout with (a,b,c,d)=(20,40,20,40) should be used for sub-7G indoor scenario.
Proposal 2: For sub-7GHz outdoor scenario, layout for Alt.1 is preferred with further layout parameter fine tuning. Besides, the radius for UE dropping should be enlarged.
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Appendix A
Table A1: Summary of simulation assumptions for indoor Sub-7GHz
	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
	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 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


_1586625140.vsd
a


b


a


c


d


d


c



