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The Study Item on NR-based Access to Unlicensed Spectrum (NR-U), which was approved at RAN#75, includes the following objectives [1]:
1) The NR-based unlicensed access design should allow fair coexistence across RATs and within NR-based systems operating in unlicensed spectrum. 
2) Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· 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, 37GHz, 60GHz 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; 
In this contribution, we discuss the methodology and scenarios for evaluating different coexistence solution proposals. This is a revised version of R1-1802771 [7].
[bookmark: _Ref178064866]NR-U evaluation
We propose 5 (optional 6) GHz as representative frequency for potential NR-U coexistence evaluation for the sub-7GHz band. For mmW band, there are two bands included in the SI proposal, i.e. 37GHz that is a US specific band and 60GHz that is globally allocated. Here it should be mentioned that 37-37.6GHz is one potential shared band in US but not decided yet. Based on the above reasons, we propose not to include 37GHz in the evaluation setup due to regulatory uncertainty in the US. Therefore, we propose to use 60GHz as representative unlicensed mmW band to study enhancements considering high gain beamforming (narrow beam) capabilities. Nevertheless, we consider it appropriate to consider such studies after the general discussion for lower bands, e.g., 5 GHz, 6 GHz is complete.
The performance metrics for two networks (same or different technologies) operating in a given evaluation scenario are evaluated and recorded. 
· User perceived throughput (UPT). The statistics shall consist of at least the 5%, 50%, and 95%-tile values of these performance metrics for a set of low, medium and high traffic loads.
· Average buffer occupancy (BO)
· Ratio of mean served cell throughput and offered cell throughput
Indoor scenarios
In the previous meeting, we proposed the indoor enterprise scenario [7] and it was selected as scenario “Option 3” among the candidates for Indoor sub7GHz scenarios in RAN1 #92 meeting. In the following, we revise the proposed indoor enterprise scenario in [7] to align with the agreements in RAN1 #92 meeting and add further discussions on the scenario.   
During the LAA WI some companies expressed their concerns that the indoor scenario used for LAA is not dense enough. Therefore, we prefer that the NR-U indoor scenario addresses these concerns early one so that we do not, later on, repeat the same channel access discussion already done in LAA. From coexistence with Wi-Fi perspective, we think it is best to align with a scenario used by the 802.11 community. Thereby, we prefer Option 3 that  reflects a dense indoor scenarios with explicit walls modelling. The proposed scenario is simplified from the IEEE enterprise deployment case [5]. Specifically, eight offices are defined with walls between the offices, and each operator deploys one BS in an office. Instead of operating on 4 frequency channels with four times more nodes, a single frequency channel is shared by all nodes. On a per frequency basis, the node density is identical to the IEEE scenario.
For this scenario, it can be further discussed which one of the following two channel modelling approaches to use.
1. One option is to use IEEE TGac pathloss model, which includes wall loss modelling. 
2. An alternative is to extend the 3GPP InH indoor open office model such that all links behind a wall are NLOS, and each wall has additional penetration loss.
The average pathloss for different propagation models is illustrated in the Appendix, including Approach 1 and 2 above. We show that Approaches 1 and 2 have similar pathloss profiles.
	Table 1 Simulation parameters for indoor enterprise scenario

	[bookmark: _Hlk501627295]
	sub7GHz
	60GHz

	Layout for nodes
	This scenario is simplified from the IEEE enterprise deployment case [5]. Layout dimensions: 80x40x3 m^3.
Each operator deploys 8 BSs, one BS in each office. There are walls between offices.
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	System bandwidth per carrier
	20MHz per CC
	800MHz per CC

	Carrier frequency 
	5GHz (optional 6.0GHz)
	60GHz

	Subcarrier spacing
	30kHz, optional: 60kHz
	240kHz

	Number of carriers
	1 (to be shared between two operators). 

	Total BS TX power
	18dBm, optional: 24dBm
	14dBm

	Total UE TX power 
	18dBm 
	21dBm

	Distance-dependent path loss
	TBD: one of the following two options.

Option 1 (for 5GHz): TGac pathloss model [referring 802.11-14/0980r6]:
PL(d) = 40.05 + 20*log10(fc/2.4) + 20*log10(min(d,10)) + (d>10) * 35*log10(d/10) + Pw*W.
– d = max(3D-distance [m], 1) 
– fc = frequency [GHz] 
– W = number of office walls traversed in x-direction plus number of office walls traversed in y-direction 
– Pw = Penetration loss per wall.
 
Option 2 (for 5GHz and 60GHz): InH Office extension
· The distance-dependent path loss is calculated using InH Office’s pathloss formula [referring TR 38.901, Table 7.4.1-1] but with explicit NLOS probability, which takes into account the effect of wall:
  - pass no wall: NLOS prob. according to [TR 38.901, Table 7.4.1-1]. 
  - pass at least one wall: always NLOS.
· Then the wall loss is added on top of the distance-dependent path loss:
  - first wall layer: no additional loss, the effect is already accounted for by updating NLOS.
  - from the second wall layer: Pw(dB) loss for each wall.

	Penetration
	TBD: one of the following two options.

Option A: Pw=7dB
Option B: Pw=4.85+0.12*fc (wooden wall)
	
Pw=4.85+0.12*fc (wooden wall)


	Shadowing
	InH indoor office [referring TR 38.901, Table 7.5-6 part 2].

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3m (ceiling)

	BS antenna gain 
	5dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0dBi

	BS noise figure
	5dB
	7dB

	UE noise figure
	9dB
	13dB

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	32 UEs per unlicensed band carrier per BS per operator. 

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N=32 UEs: 
· Drop a large enough number of UEs, so that at least 32 UEs are covered by the small cell in the unlicensed band. 
· Randomly select 32 UEs from the UEs that have coverage.

	Minimum distance (2D distance)
	0m

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: 
· 0.5 Mbytes for 5GHz.
· 2 Mbytes for 60GHz.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.


Outdoor scenarios
In the following, we revise the proposed outdoor scenarios in [7] to align with the agreements in RAN1 #92 meeting and add further discussions on the scenario.   
In the outdoor scenario, the deployment is similar to the dense urban scenario for NR [3] but with only the Micro layer and also with two operators instead of one. Each operator deploys 7 sites on a hexagonal grid. Each operator deploys one micro TRP per hot zone/cluster. The number of hot zones per sector is either 2 or 3 (TBD). As pointed out in Table 2, for the case of 3 hotzones, the hotzone placement will be deterministic within a sector because of geometrical constraints due to the inter-site distance (200 m) and hotzone radius (28.9 m). In contrast, for the case of 2 hotzones, the hotzone dropping can be more randomized. It can be discussed further which option is more suitable.
Many of the evaluation assumptions are reused from the LTE-based LAA evaluation scenarios [2] with NR’s numerologies [3]. The pathloss model follows the 5GCM UMi-Street canyon [4]. Further parameters can be found in Table 2.

	[bookmark: _Ref502664274]Table 2. Simulation parameters for outdoor scenario

	
	sub7GHz
	60GHZ

	Layout for nodes
	Dense urban with micro layer only for two unlicensed operators.
· Macro layer: Hexagonal grid, 7 Macro TRP each with 3 sectors, inter-Macro distance is 200m, only used for generating Micro layer. 
· Micro layer: TBD 2 or 3 hot zones per macro sector
One Micro TRP per hot zone for each operator within smaller area inside hot zone.
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	System bandwidth per carrier
	20MHz per CC
	800MHz per CC

	Carrier frequency 
	5GHz (optional 6.0GHz)
	60GHz

	Subcarrier spacing
	30kHz
	240kHz

	Number of carriers
	1 (to be shared between two operators)

	Total BS TX power
	24dBm, optional: 18dBm
	14dBm

	Total UE TX power 
	18dBm 
	21dBm

	Distance-dependent path loss
	5GCM UMi-Street canyon [referring TR 38.901, Table 7.4.1-1]

	Shadowing
	5GCM UMi-Street canyon [referring TR 38.901, Table 7.5-6 Part-1]
Working assumption is that 3D distance is used for shadowing correlation distance.

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	10 m

	BS antenna gain 
	5dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	5dB
	7dB

	UE noise figure
	9dB
	13dB

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	10 UEs per unlicensed band carrier per BS per operator.

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N=10 UEs: 
· Drop a large enough number of UEs, so that at least 10 UEs are covered by the small cell in the unlicensed band. 
· Randomly select 10 UEs from the UEs that have coverage.
100% of UEs are outdoor.

	Minimum distances (2D distances)
	· BS - UE: 10m
· UE - UE: 3m

	Radius for micro TRP dropping in a hot zone (R2)
	10m
TBD: Minimum distance between micro TRPs

	Radius for UE dropping in a hot zone (R1)
	28.9m
Note: In case of 3 hot zones, 28.9m is the maximum possible radius for the hot zones to fit inside of the hexagonal sector, thus the hot zone placement will be deterministic.

	Minimum distance between hot zones
	57.8m

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: 
· 0.5Mbytes for 5GHz.
· 2Mbytes for 60GHz.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
Optional: 80% DL traffic and 20% UL traffic.



Conclusion
In this contribution, we discuss and provide our views on the NR-U evaluation methodology, scenarios and assumptions.
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· Focus on 5GHz for lower bands (sub-7GHz) and 60GHz for mmW bands.
Proposal NR-U evaluation scenarios
· Indoor scenario: this scenario is simplified from the IEEE enterprise deployment case. Eight office rooms with wall between them. Each operator deploys one BS in an office room. It is TBD which path loss model to adopt (TGac or 3GPP InH Extentsion).
· Outdoor scenario: the deployment grid is similar to the dense urban scenario but with only Micro layer and two operators with (TBD) 2 or 3 hot zones per macro sector. Each operator deploys 1 TRP per hot zone.
Proposal evaluation parameters and assumptions
· Many of the evaluation assumptions are reused from the LTE-based LAA evaluation scenarios with NR’s numerologies.
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Appendix - Average Pathloss
Compared channel models:
- InH Open Office [referring TR 38.901].
- InH Mixed Office [referring TR 38.901]. 
- TGac [referring IEEE 802.11-14/0980r6]
· with -7dB loss for each wall.
- InH Open Office + explicit NLOS + wall loss
· InH Open Office’s pathloss model [referring TR 38.901].
· explicit NLOS
· Pass no wall: NLOS prob. according to [TR 38.901].
· Pass at least one wall: NLOS.
· add wall loss
· First wall layer: update NLOS.
· From the second wall layer: -7dB loss for each wall layer.
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