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1	Introduction
The study item on NR-based access to unlicensed spectrum that was approved at RAN#75 [1] includes the following objectives:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
…
· 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; 

The simulation methodology for NR-U operation was discussed during RAN1#92 with following agreements:
Agreement:
· 5GCM in 38.802 is used for NR-U simulation evaluation
· NR-unlicensed simulation evaluation considers the following scenarios
· Indoor sub-7GHz, 2 operators
· Outdoor Sub-7 GHz, 2 operators
· Indoor mmW, 2 Operators
· Outdoor mmW, 2 operators
· Stadium scenario for sub-7GHz, 2 operators, can be optionally considered by interested companies.
· Note: RAN1 prioritizes the simulation for sub-7 GHz band. It does not preclude evaluation for above 7 GHz.
· Deployment scenarios to simulate
· CA between NR licensed cell and NR unlicensed cell
· DC (with LTE and with NR)
· SA
· An NR cell with DL in unlicensed band and UL in licensed band
· Note: A single set of evaluations may be applicable to multiple scenarios
· Note: Only unlicensed cell(s) is simulated.
· Note: The licensed cell may not be explicitly modeled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 
· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)
· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)
· Fairness criterion for coexistence with 11ax can be further discussed at plenary level
· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)
· From SID: 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
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (e.g. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations
· Note: The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands

Note (for the minutes): Some companies believe that a prioritization among the agreed simulation scenarios may be necessary.
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 discuss additional aspects of the evaluation methodology for NR-U operation, and summarize the simulation assumptions to study the agreed co-existence analyses. Evaluation methodology is discussed in Section 2, while simulation parameters for below 7 GHz indoor and outdoor cases are listed in Sections 3 and 4, respectively.
2	Evaluation methodology 
To prove that NR-based operation in unlicensed spectrum does not impact deployed Wi-Fi services more than an additional Wi-Fi network on the same carrier would do, we propose to primarily focus on NR-U-WiFi co-existence evaluations below 7GHz. 
Proposal 1: Prioritize NR-U-WiFi co-existence evaluations below 7 GHz.
The evaluation methodology for 5 GHz bands shall assume the same principles as in LAA coexistence evaluations in [2]. First the performance is evaluated with two operators’ WiFi networks co-deployed in the specified simulation environments and operating on the same unlicensed channel(s). Then the WiFi access points and stations of one of the WiFi networks are replaced (at the identical locations) with NR-U gNBs and UEs and performance re-evaluated. The performance of the first WiFi network should not be degraded. On the other hand, on bands without legacy current WiFi presence (e.g. 6 GHz), this kind of definition with one-way fairness would easily lead into a situation where NR-U is more fair towards WiFi than the other way around. In other words, the impact of WiFi on NR-U performance should also be considered, such that both WiFi and NR-U are equally fair towards each other. 
Proposal 2: For the 6 GHz band, in addition to the impact that NR-U has on WiFi, the evaluations shall also consider the impact of WiFi on NR-U to ensure fairness both ways. 
Though carrier aggregation with DL-only NR-U SCell is among the agreed deployment scenarios in RAN1#92, our view is that support of DL and UL transmission on unlicensed spectrum should be introduced in the specifications at the same time and not in a phased approached as done in LTE LAA. Therefore, we think that evaluations of co-existence between DL+UL Wi-Fi and DL + UL NR-U should be prioritized. 
Proposal 3: Co-existence evaluations between DL+UL Wi-Fi and DL+UL NR-U are the baseline.
The evaluations should also target at assessing the coexistence within NR-U (i.e. between two NR-U operators’ networks), as well as NR-U-LAA coexistence.
Proposal 4: NR-U / NR-U and NR-U / LTE LAA should also be evaluated though with lower priority. 
As operation with highly directional beamforming is primarily targeted for mmWave, we propose to assume omnidirectional antennas for coexistence evaluations below 7GHz. 
Proposal 5: Omnidirectional antennas are assumed for coexistence evaluations below 7GHz.
To achieve faster convergence on evaluation methodology and simulation assumptions, we propose to reuse the general evaluations assumptions specified in [2] for LTE LAA coexistence evaluations as much as possible. Deviations for the simulations assumptions in [2] should be well justified.
Proposal 6: For coexistence evaluations below 7GHz, reuse general evaluations assumptions specified for LTE (e)LAA coexistence evaluations.
Though simulations assumptions and parameters are only listed for unlicensed cells, they are generally applicable to study co-existence of different NR-U deployment scenarios (e.g. CA, SA and DC), and as noted in the agreements from RAN1#92 (“A single set of evaluations may be applicable to multiple scenarios”).
Regarding the evaluations for mmWave bands, we see that the basic system design (e.g. waveform, subcarrier spacing, etc.) should be discussed first before agreeing on any specific simulation assumptions.
3	Indoor below 7 GHz 
	
	Unlicensed cell

	Layout for nodes
	Two operators deploy 6 small cells each in the single-floor building as illustrated in the figure below (Option 1 in the agreements from RAN1#92). 
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Network layout with 3 small cells per operator (Option 2 in the agreements from RAN1#92), or based on IEEE indoor enterprise model (Option 3 in the agreements from RAN1#92) are not precluded.

	System bandwidth per carrier
	20 MHz

	Carrier frequency 
	6.0 GHz

	Subcarrier spacing
	30 kHz, optional: 60 kHz, 15 kHz

	Number of carriers
	1, optional: 4 

	Total BS TX power
	18 dBm across aggregated carriers
Optional: 24 dBm

	Total UE TX power 
	Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm

	Distance-dependent path loss and Shadowing
	[referring to Table 7.4.1-1 in 38.901]

Small cell-to-Small cell: 5GCM indoor office (hUE = 3m) 
Small cell-to-UE: 5GCM indoor office 
Indoor UE-to-Indoor UE: 5GCM Indoor-office (hBS =1.5m). 

[3D distance between an gNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance]
[Working assumption is that 3D distance is used for shadowing correlation distance]

	Fast fading 
	5GCM indoor office [referring to Section 7.5 in 38.901]

	BS antenna panel and antenna positioning
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3 m

	BS antenna gain 
	5dBi

	BS antenna pattern
	Omni-directional is baseline (Option 3 in Section A.2.1 of 38.802); directional antenna is not precluded

	UE antenna panel and antenna positioning
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	UE antenna pattern
	Omni-directional

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	UE receiver 
	MMSE-IRC as baseline

	UE speed
	3km/h

	Number of UEs 
	20 UEs per unlicensed band carrier per operator

	UE dropping per network
	Users are randomly and uniformly dropped within the building area.

	Minimum distance (2D distance)
	Small cell-UE, UE-UE: 3m

	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.

Optional: Mixed traffic model with each UE carrying only VoIP traffic or only FTP traffic in the Wi-Fi network that is not replaced by NR-U.
· Two UEs with VoIP traffic in addition to UEs with FTP traffic
· The VoIP traffic model is based on G.729A (data rate is 24 kbps)
· Packet inter-arrival time: 20 ms
· Packet size: 60 bytes (payload plus IP header overhead)
· Voice activity is assumed to be 100%. Statistics are independently reported in each direction
· No associated control plane traffic is modelled
· For DL+UL coexistence evaluations the voice activity of the VoIP users is 50% for both DL and UL.
· For DL+UL coexistence evaluations for each VoIP user, On and Off periods of length X (e.g., X = 5) second alternates with each other in such a way that both DL and UL are not active at the same time.

Independent traffic generation on the DL and UL for both NR-U, Wi-Fi and LAA for FTP traffic model

Each UE has the same UL/DL traffic arrival rate ratio

Overall offered load is the same for both the coexisting networks

DL/UL traffic ratio for DL+UL coexistence evaluations:
· 50% DL traffic and 50% UL traffic
· Optional: 80% DL traffic and 20% UL traffic


	UE bandwidth 
	20 MHz


 








4	Outdoor below 7 GHz 
	
	Unlicensed cell

	Layout for nodes
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Micro layer: Random drop (all micro BSs are outdoor)
-	3 micro BSs per operator per macro BS
-	6 or 9 micro BSs per operator per macro BS (optional)

	System bandwidth per carrier
	20 MHz

	Carrier frequency 
	6.0 GHz

	Subcarrier spacing
	30 kHz, optional: 60 kHz, 15 kHz

	Number of carriers
	1, optional: 4

	Total BS TX power
	18 dBm (Optional: 24 dBm)

	Total UE TX power 
	18 dBm 

	Distance-dependent path loss and Shadowing
	[referring to Table 7.4.1-1 in 38.901]

Small cell-to-Small cell: UMi-Street canyon (hUE =10m)
Small cell-to-UE: UMi-Street canyon
UE-to-UE: UMi-Street canyon (hBS =1.5m), penetration loss between UEs follows Table A.2.1-12 in 38.802

[3D distance between an gNB and a UE is applied. Working assumption is that 3D distance is also used for break point distance and LOS probability]
[Working assumption is that 3D distance is used for shadowing correlation distance]

	Outdoor-to-Indoor penetration 
	According to the description in chapter 7.4.3.1 in 38.901

	Fast fading
	UMi-Street canyon [referring to Section 7.5 in 38.901] 

	BS antenna panel and antenna positioning
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	10 m

	BS antenna gain 
	5dBi

	BS antenna pattern
	Omni-directional is baseline; directional antenna is not precluded

	UE antenna panel and antenna positioning
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	UE antenna pattern
	Omni-directional

	BS noise figure
	5dB

	UE noise figure
	9dB

	UE receiver 
	MMSE-IRC as baseline

	UE speed
	3km/h

	Number of UEs 
	20 UEs per unlicensed band carrier per operator

	UE dropping per network
	Users are randomly and uniformly dropped within the clusters (micro layer) 

	Minimum distance (2D distance)
	Small cell-small cell: 
· Option 1: [57.9m, 42.4m, 32m] for [3,6,9] micro BSs
· Option 2: [40m, 32m, 25m] for [3,6,9] micro BSs

	
	Inter-operator small cell-small cell: 10 m

	
	Small cell-UE = 10 m

	
	UE-UE: 3m

	
	Macro – small cell: 105m

	
	Macro – UE: 35m

	
	Radius of UE dropping within a cluster: R (m)
· Option 1: [28.9m, 21.2m, 16m] for [3,6,9] micro BSs 
· Option 2: 50m for [3,6,9] micro BSs

	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.

Optional: Mixed traffic model with each UE carrying only VoIP traffic or only FTP traffic in the Wi-Fi network that is not replaced by NR-U.
· Two UEs with VoIP traffic in addition to UEs with FTP traffic
· The VoIP traffic model is based on G.729A (data rate is 24 kbps)
· Packet inter-arrival time: 20 ms
· Packet size: 60 bytes (payload plus IP header overhead)
· Voice activity is assumed to be 100%. Statistics are independently reported in each direction
· No associated control plane traffic is modelled
· For DL+UL coexistence evaluations the voice activity of the VoIP users is 50% for both DL and UL.
· For DL+UL coexistence evaluations for each VoIP user, On and Off periods of length X (e.g., X = 5) second alternates with each other in such a way that both DL and UL are not active at the same time.

Independent traffic generation on the DL and UL for both NR-U, Wi-Fi and LAA for FTP traffic model

Each UE has the same UL/DL traffic arrival rate ratio

Overall offered load is the same for both the coexisting networks

DL/UL traffic ratio for DL+UL coexistence evaluations:
· 50% DL traffic and 50% UL traffic
· Optional: 80% DL traffic and 20% UL traffic


5	Conclusions

In this section we summarize the proposals made in this contribution.
Proposal 1: Prioritize NR-U-WiFi co-existence evaluations below 7 GHz.
Proposal 2: For the 6 GHz band, in addition to the impact that NR-U has on WiFi, the evaluations shall also consider the impact of WiFi on NR-U to ensure fairness both ways. 
Proposal 3: Co-existence evaluations between DL+UL Wi-Fi and DL+UL NR-U are the baseline.
Proposal 4: NR-U / NR-U and NR-U / LTE LAA should also be evaluated though with lower priority. 
Proposal 5: Omnidirectional antennas are assumed for coexistence evaluations below 7GHz.
Proposal 6: For coexistence evaluations below 7GHz, reuse general evaluations assumptions specified for LTE (e)LAA coexistence evaluations.
Regarding the evaluations for mmWave bands, we see that the basic system design (e.g. waveform, subcarrier spacing, etc.) should be discussed first before agreeing on any specific simulation assumptions.
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