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Introduction
For the on-going study item on NR in unlicensed spectrum, it was agreed in RAN1#92BIS to evaluate two alternatives for the outdoor sub-7 GHz simulation scenario [1]:
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)

This contribution presents an evaluation of the outdoor scenario based on the guidelines above.
Outdoor scenario 

In the remainder of the paper, the intra-operator gNB minimum distance is set to 75m instead of 57.9m for Alt. 1, and the minimum distance between hotspot centers is also set to 75m for Alt. 2. This value is more consistent with the outdoor inter-AP intra-operator minimum distance in deployed systems today.

Proposal 1: The intra-operator gNB minimum distance and minimum distance between hotspot centers is set to 75m.
When UEs are dropped within a radius of 28.9m around the serving cell or hotspot center, the macro-cell ISD of 200m adopted for the outdoor scenario implies that good micro-layer coverage can be achieved with relatively few NR-U TRPs, e.g., one or two TRPs per operator. Due to this reason, the serving cell RSSI in Figure 1 does not vary significantly across Alt. 1 and Alt. 2, and around 95% of UEs have a RSSI above -70dBm. The detailed evaluation assumptions are provided in the Appendix – any values not specified are assumed to be based on the guidelines from RAN1#92BIS. With this UE dropping model, a negligible fraction of UEs see RSSI values below -72 dBm.
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[bookmark: _Ref513755132]Figure 1: Comparison of DL serving cell RSSI for outdoor Alt. 1 and Alt. 2, with UE dropping within a radius of 28.9m around the serving cell or hotspot center. Minimum distance of 75m is used for intra-operator gNBs and hotspot centers.
Observation 1a: The serving cell RSSI does not vary significantly between Alt. 1 and Alt. 2 when UEs are dropped within a radius of 28.9m. 
Observation 1b: The serving cell RSSI is predominantly above -72 dBm for both Alt. 1 and Alt. 2 when UEs are dropped within a radius of 28.9m. 

In order to increase the proportion of cell-edge UEs, the UE dropping model needs to be changed. A straightforward solution is to drop UEs uniformly for each gNB/operator over the entire macro-cell, followed by cell association as before. The corresponding serving cell RSSI is shown in Figure 2. The percentage of UEs with RSSI below -72 dBm now increases to 38% for one TRP/operator and 26% for two TRPs/operator within the macro cell, respectively. There is no longer any statistical difference between Alt. 1 and Alt. 2 for the same gNB density per macro cell.

Proposal 2: UE dropping is performed uniformly over the macro cell area for the outdoor scenario.
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[bookmark: _Ref513837533]Figure 2: Comparison of DL serving cell RSSI for outdoor Alt. 1 and Alt. 2, with UE dropping within entire macro cell. Minimum distance of 75m is used for intra-operator gNBs and hotspot centers.

On the other hand, the different gNB dropping models leads to a noticeable difference in the inter-gNB power levels, as shown in Figure 3. Under Alt. 1, gNBs are dropped independently within the macro area, thus intra-operator and inter-operator distances are statistically similar. Under Alt. 2, inter-operator distances are more constrained, thus, the gNB power levels are highly dependent upon the number of hotspots and TRPs per hotspot. The inter-gNB distances of Alt. 1 are also more consistent with outdoor deployments of deployed systems.

Observation 2: The inter-gNB power levels under Alt. 2 are highly dependent upon the number of hotspots and TRPs per hotspot, while Alt. 1 is less sensitive to the choice of parameters.

[bookmark: _GoBack]Based on the above, it is proposed to adopt Alt. 1 together with the parameter value in Proposal 1 and UE dropping model in Proposal 2 for the outdoor sub-7 GHz evaluations. 

Proposal 3: Alt. 1 is used for outdoor sub-7 GHz NR-U evaluations.
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[bookmark: _Ref513755317]Figure 3: Inter-gNB RSSI levels across both operators. Minimum distance of 75m is used for intra-operator gNBs and hotspot centers.

Summary
In this contribution we evaluated the RSSI for the outdoor sub-7 GHz scenario.
Proposal 1: The intra-operator gNB minimum distance and minimum distance between hotspot centers is set to 75m.
Observation 1a: The serving cell RSSI does not vary significantly between Alt. 1 and Alt. 2 when UEs are dropped within a radius of 28.9m. 
Observation 1b: The serving cell RSSI is predominantly above -72 dBm for both Alt. 1 and Alt. 2 when UEs are dropped within a radius of 28.9m. 
Proposal 2: UE dropping is performed uniformly over the macro cell area for the outdoor scenario.
Observation 2: The inter-gNB power levels under Alt. 2 are highly dependent upon the number of hotspots and TRPs per hotspot, while Alt. 1 is less sensitive to the choice of parameters.
Proposal 3: Alt. 1 is used for outdoor sub-7 GHz NR-U evaluations.



Appendix

	Parameters
	Outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Number of carriers
	1

	Number of users per operator
	10 per gNB 

	Channel Model
	NR dense urban 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

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

	Minimum distance between hotspot centers
	75m

	Intra-operator gNB minimum distance (Alt. 1)
	75m

	UE dropping radius
	28.9m from serving cell, or uniform over macro-cell

	UE/STA to UE/STA link pathloss model
	Directly use dense urban pathloss model with proper d_3D with dense urban LOS probability

	gNB to gNB link pathloss model
	Directly use dense urban pathloss model with proper d_3D with dense urban LOS probability




Reference
[1] [bookmark: _Ref513753915]Chairman’s Notes, RAN1#92BIS


image3.png
Inter-gNB RSSI cdf

100

70 -

50

20 -

Alt. 1, 2 TRPs/operator

Alt. 1, 1 TRP/operator

— — —-Alt. 2, 1 TRP/operator/hotspot, 1 hotspot
— — — -Alt. 2, 1 TRP/operator/hotspot, 2 hotspots





image1.png
Serving cell RSSI

cdf

100

90 -

80 -

Alt. 1, 1 TRP/operator

Alt. 1, 2 TRPs/operator

Alt. 2, 1 TRP/operator/hotspot, 2 hotspots
— — —-Alt. 2, 1 TRP/operator/hotspot, 1 hotspot

70

40

30

20 -

10 1





image2.png
Serving cell RSSI cdf

100

90 -
80 -
Alt. 1, 2 TRPs/operator
701 Alt. 1, 1 TRP/operator
— — —-Alt. 2, 1 TRP/operator/hotspot, 1 hotspot
60 — — —-Alt. 2, 1 TRP/operator/hotspot, 2 hotspots
50 -
40 -
30 -
20 -
10
0 1 1 1
-90 -80 -70 -60 -50 -40 -30




