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Introduction
The following objective was added to WID [1] during RAN#97-e.
Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
-	Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
-	Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
	  o	Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
In this contribution, analysis and proposals for the evaluation methodology for SL-FR2 are presented, including aspects on deployment scenarios, channel model, antenna model, traffic model and performance metric.

Discussions 
Deployment Scenarios
[bookmark: _Toc24792][bookmark: _Toc6764][bookmark: _Toc939]Two options can be considered as the deployment scenarios for SL-FR2. One option is to re-use the commercial use cases defined during RAN1#103-e based on general scenarios in TR 36.843 [3]. Following this option, the simulation parameters can be elaborated as in Table 1. Another option is to re-use the deployment scenarios defined in RAN1#110 for SL-U performance evaluation whose detailed assumptions [6] are listed in Table 2. The major issue with the layout options in Table 1 is the remaining discussion points on the outdoor to indoor or indoor to indoor channel model among different buildings in FR2. At least the following points need to be settled or reported in companies' contributions:
· Whether the high-loss or low-loss penetration loss model is used
· The concrete path loss model for indoor to indoor penetration, e.g. how to model the basic penetration loss, how to model the standard deviation of the penetration loss, the indoor path loss model (e.g. InH or InF) that is actually considered
[bookmark: _Toc525][bookmark: _Toc82][bookmark: _Toc29400][bookmark: _Toc115378380][bookmark: _Toc115429953]If the Rel-17 commercial use cases based on TR 36.843 are adopted as deployment scenario, the point on the outdoor to indoor or indoor to indoor channel model need to be clarified.
Table 1: Details of Deployment Scenarios extracted from Table A.2.1.1-1 in TR 36.843
	
	General Scenarios

	LTE Layout
	Option 1 shall be mandatory
Others layouts are optional in order of decreasing priority:
Option 2 / Option 3
Option 4
Option 6

	UE mobility (only used for small scale Doppler modeling of channels)
	3 km/hr

	UE drop for all UEs, for both discovery and communication evaluations
	For layout options 1,2, 4:
· 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s).
· Remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 
· 20% UEs are outdoor, and 80% UEs are indoor.d

For layout option 3, 5, 6: 
· Uniform drop: All UEs are randomly and uniformly dropped throughout the macro geographical area. All UEs are dropped outdoors. No buildings are dropped.
· Hotspot drop : 
· Randomly select an area within each cell area.
· Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.
· Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell.
· All UEs are dropped outdoors.
· No buildings are dropped.
· Minimum distance between eNodeB and Hotspot centere: 75m
· Minimum distance between Hotspot centers: 80m

Additionally for layout option 5:
· Drop 2 RRH buildings (without RRHs) in each cell area. (See A.2.1.1.5 in [3])
· Drop 2/3 of UEs inside of the dropped buildings and 1/3 of UEs uniformly over geographical area. Keep the indoor-outdoor user distribution, so that 80% of terminals are indoor UEsd and 20% of UEs are outdoor UEs.




Table 2: SL-FR2 Deployment Scenarios based on the topology of SL-U 
	Indoor layout
	· The topology of SL is pair topology and the SL UEs are dropped uniformly at random in the indoor-office with 120mx80m size.
· Only SL UEs are dropped, and NR-U UE/Wi-Fi nodes are not dropped.

	Number of SL devices
	Up to each company

	UE mobility (only used for small scale Doppler modeling of channels)
	3 km/hr


On the other hand, it's observed that the SL-U layout can be directly re-used considering the same channel model and some straightforward adaptation in FR2 SL evaluation.
· The topology can be narrowed to pair wise to assimilate the indoor UE dropping from the indoor commercial use cases in TR 36.843
· The number of SL devices can be up to each company's report 
· The UE mobility parameter can be taken from TR 36.843 and be used in small scale Doppler modelling
[bookmark: _Toc115378385][bookmark: _Toc115429957]For the deployment scenario of SL FR2
[bookmark: _Toc115378386][bookmark: _Toc115429958]At least support the NR InH Mixed Office layout, where the simulation assumptions in Table 2 can be used；
[bookmark: _Toc115378387][bookmark: _Toc115429959]	FFS: the support of general scenarios defined in TR 36.843
As for the channel model, the following proposal can be made directly concurring the concerned deployment scenario.
[bookmark: _Toc115378388][bookmark: _Toc115429960]	In the evaluation of SL FR2, the NR indoor mixed office channel model defined in TR 38.901 is re-used for the NR inH Mixed Office scenario.

Fundamental simulation assumptions
For the fundamental simulation assumptions, details on carrier frequency, UE Tx power and receive noise figure are elaborated in TR 37.885 towards evaluation scenarios above 6 GHz as shown in Table 3. Moreover, it was recommended in TR 38.885 that for 30 GHz carrier, associated bandwidth and traffic model is evaluated as representative in Table 4.  
Table 3: Some simulation parameters extracted from Table 6.1.1-2 in TR 37.885
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency 
	Macro to/from vehicle/pedestrian UE : 30 GHz 
Between vehicle/pedestrian UE: 30 or 63 GHz
Micro BS to/from vehicle/pedestrian UE : 30 GHz 
UE-type-RSU to/from vehicle/pedestrian UE: 30 or 63 GHz 
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink
	Macro to/from vehicle/pedestrian UE : 30 GHz
Between vehicle/pedestrian UE: 30 or 63 GHz
Micro BS to/from vehicle/pedestrian UE : 30 GHz
UE-type-RSU to/from vehicle/pedestrian UE: 30 or 63 GHz
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink

	UE Tx power 
	 Vehicle/pedestrian UE or UE type RSU: 23 dBm for 30 GHz, 21 dB baseline for 63 GHz, 27 dBm optional for 63 GHz. For both 30 and 63 GHz, EIRP should not exceed 43 dBm.
	Vehicle/pedestrian UE or UE type RSU: 23 dBm for 30 GHz, 21 dB baseline for 63 GHz, 27 dBm optional for 63 GHz. For both 30 and 63 GHz, EIRP should not exceed 43 dBm.

	UE receiver noise figure
	13 dB (baseline), 10 dB (optional)


Table 4: Some simulation parameters extracted from Table A.1-1 in TR 38.885
	
	Unicast
	Multicast
	Broadcast
	Mixture

	SL frequency (GHz)
	6, 30
	6, 30
	6, 30
	6, 30

	Traffic models
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets.
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets.
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	33%, 33%, 34% vehicles generate unicast, multicast, broadcast packets, respectively. For each traffic type, 50% is periodic and 50% is aperiodic.
Periodic: Medium intensity; 100 ms inter-packet arrival
Aperiodic: Medium intensity

	SL simulation bandwidth (MHz)
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz


According to both tables, the following fundamental assumptions are consolidated：
· Carrier frequency：30 or 63 GHz
· UE Tx power：23 dBm for 30 GHz, 21 dB baseline for 63 GHz, 27 dBm optional for 63 GHz. For both 30 and 63 GHz, EIRP should not exceed 43 dBm
· UE receiver noise figure：13 dB (baseline), 10 dB (optional)
· SL simulation bandwidth (MHz)：100 MHz for 30 or 63 GHz
Moreover, given 60/120 kHz SCS has been supported since Rel-16, we make the following proposal.
[bookmark: _Toc115378389][bookmark: _Toc115429961]The following fundamental assumptions are considered in SL-FR2 evaluations：
[bookmark: _Toc115378390][bookmark: _Toc115429962]	Carrier frequency：30 or 63 GHz
[bookmark: _Toc115378391][bookmark: _Toc115429963]	UE Tx power：23 dBm for 30 GHz, 21 dB baseline for 63 GHz, 27 dBm optional for 63 GHz. For both 30 and 63 GHz, EIRP should not exceed 43 dBm
[bookmark: _Toc115378392][bookmark: _Toc115429964]UE receiver noise figure：13 dB (baseline), 10 dB (optional)
[bookmark: _Toc115378393][bookmark: _Toc115429965]	SL simulation bandwidth (MHz)：100 MHz for 30 or 63 GHz
[bookmark: _Toc115378394][bookmark: _Toc115429966]SCS: 60 or 120 kHz
In sidelink evaluation, the minimum association RSRP for a unicast pair should still be guaranteed above a threshold. In case the threshold is not met, the received signal may be buried in noise or interference so that no efficient communication could be performed. For SL-FR2, there exists three approaches to model the minimum association RSRP, out of which companies shall report the one adopted in evaluations.
· The calculation of minimum association RSRP takes into account both the Tx and Rx beamforming gain
· The calculation of minimum association RSRP takes into account only the Tx beamforming gain
· The calculation of minimum association RSRP takes into account neither the Tx beamforming nor Rx beamforming gain
In terms of the modeling for beamforming gain, there exists the following two options,
· Option 1 is to apply an offset to the association RSRP which shall be determined based on the TXRU mapping and number of antenna elements
· Option 2 is to apply the realistic beamforming gain of the actual best matched beam after beam training procedure
[bookmark: _Toc115378395][bookmark: _Toc115429967]	In the evaluations for SL FR2, the minimum association RSRP shall be guaranteed above a threshold for unicast pairing wherein the calculation of minimum association RSRP shall be one of the following
[bookmark: _Toc115378396][bookmark: _Toc115429968]	The calculation of minimum association RSRP takes into account both the Tx and Rx beamforming gain
[bookmark: _Toc115378397][bookmark: _Toc115429969]The calculation of minimum association RSRP takes into account only the Tx beamforming gain
[bookmark: _Toc115378398][bookmark: _Toc115429970]The calculation of minimum association RSRP takes into account neither the Tx beamforming nor Rx beamforming gain

Antenna model
Per Rel-17 discussion, the antenna model for commercial scenarios shall re-use the P-UE characteristics defined in TR 37.885. The relevant antenna element pattern and antenna array configuration are copied in Table 5 and Table 6 respectively. One can observe that the TXRU mapping is left to companies' report as captured in Table 6, on which further discussion can still be held to settle a common TXRU mapping approach.
Agreements:
For public safety and commercial use cases, at least following option is supported for UE RF parameters:
· Reuse the number of TX AP, the number of RX AP, antenna gain for P-UE specified in TR 37.885.


Table 5: Antenna element pattern for pedestrian UE and cellular UE(Table 6.1.4-6 in TR 37.885)
	
	Pedestrian UE and cellular UE

	
	For 6 GHz
	For 30 and 63 GHz

	Antenna element gain vertical pattern
	Omni-directional
	[image: ]

	Antenna element gain horizontal pattern
	
	[image: ]

	Pattern combining method for 3D 
	
	[image: ]

	Max direct. gain of the antenna element
	0 dBi
	5 dBi



Table 6:  Antenna array configuration for pedestrian UE and cellular UE(Table 6.1.4-7 in TR 37.885)
	
	Pedestrian UE and cellular UE

	
	For 6 GHz 
	For 30 and 63 GHz

	TXRU mapping
	Up to proponents decision
	Up to proponents decision

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements 
	Up to 32 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	(1, 2, 2, 1, 1)
 
	(2, 4, 2, 1, 2)
Panel bearing angle: Ω0,1=Ω0,0+180°

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ

	(dH, dV) = (0.5, 0.5)λ; (dH,g, dV,g) = (0, 0)λ


	Antenna tilt, deg
	0
	90



[bookmark: _Toc115378399][bookmark: _Toc115429971]For the antenna configuration of SL-FR2 evaluations, the P-UE and cellular UE antenna characteristics in table 5 and 6 can be re-used.
[bookmark: _Toc115378400][bookmark: _Toc115429972]	FFS:TXRU mapping

Traffic model and performance metric
The following agreement on traffic model for commercial use cases was reached in RAN1#103-e.

Agreements:
For public safety and commercial use cases, at least performance metrics for communication specified in A2.1.4.2 of TR 36.843 are reused with following modification:
A. “FTP2 traffic model”is replaced with“FTP traffic model or periodic traffic model”
B. Power consumption model agreed in R-17 NR sidelink enhancement WI is used
C. the metrics for latency and WAN are not needed
Agreements:
· For commercial use case, at least following option is supported for traffic model:
· Option 7: Periodic traffic model 3 specified in TR 37.885
In RAN1#110-e meeting, the following conclusion for SL-U evaluation was reached.
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 10)
· FFS whether/how the PDB requirement can be captured
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO Low load: 10%~25%
· BO Mid load: 35%~50%
· BO High load: above 55%
· Option 3: XR cloud gaming model in TR38.838
Jointly considering the above conclusions, the following candidates can be considered for Rel-18 SL-FR2 traffic model. Given no LBT operation caused delay shall impact the PDB statistics, it's proposed to re-use the PDB requirement for periodic model 3 in TR 37.885, which is effectively the inter packet arrival time. Thus, the FFS on PDB requirement shall not be needed. Regarding the arrival rate for FTP model 3, the arrival rate value shall take values corresponding to three categories of RU instead of BO. It should be clarified in the RU calculation, subchannel instead of RBs can be used to avoid taking into account the remaining RBs that are unusable in a configured BWP. Moreover, in case of MU-MIMO, the occupied subchannels shall be accounted for as multiple times the number of UEs.
With above the following proposal is made.
[bookmark: _Toc115378401][bookmark: _Toc115429973]For the evaluation of SL-FR2, companies report traffic model from the following options:
[bookmark: _Toc115378402][bookmark: _Toc115429974]R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 10)
[bookmark: _Toc115378403][bookmark: _Toc115429975]FTP model 3 with RU satisfying one of the followings: 
[bookmark: _Toc115378404][bookmark: _Toc115429976]RU Low load: 10%~25%
[bookmark: _Toc115378405][bookmark: _Toc115429977]RU Mid load: 35%~50%
[bookmark: _Toc115378406][bookmark: _Toc115429978]RU High load: above 55%
[bookmark: _Toc115378407][bookmark: _Toc115429979]XR cloud gaming model in TR38.838
[bookmark: _Toc115378408][bookmark: _Toc115429980][bookmark: _GoBack]Note: Subchannel instead of RB is used in the RU calculation. The occupied subchannels shall take into account the actual number of UEs multiplexed on the same resources. 
The performance metrics for SL-U and Rel-17 can be directly re-used in FR2 evaluation, i.e. PRR, latency and mean, 5% and CDF of UPT can be considered. 
[bookmark: _Toc115378409][bookmark: _Toc115429981][bookmark: _Toc61872230][bookmark: _Toc61874691][bookmark: _Toc61875571][bookmark: _Toc61874678][bookmark: _Toc61875584][bookmark: _Toc61874665][bookmark: _Toc61874572][bookmark: _Toc61874619][bookmark: _Toc61874547][bookmark: _Toc61874791][bookmark: _Toc61875558][bookmark: _Toc61870750][bookmark: _Toc61874778][bookmark: _Toc61875597][bookmark: _Toc61875545][bookmark: _Toc61875532][bookmark: _Toc61874804]The following can be considered as performance metrics for FR2 evaluation:
[bookmark: _Toc115378410][bookmark: _Toc115429982]PRR
[bookmark: _Toc115378411][bookmark: _Toc115429983]Latency
[bookmark: _Toc115378412][bookmark: _Toc115429984]Mean, 5% and CDF of UPT
Conclusion
According to the discussion above, we provide the following observations and proposals the evaluation methodology for SL on FR2:
Observation 1:	If the Rel-17 commercial use cases based on TR 36.843 are adopted as deployment scenario, the point on the outdoor to indoor or indoor to indoor channel model need to be clarified.

Proposal 1:	For the deployment scenario of SL FR2
•	At least support the NR InH Mixed Office layout, where the simulation assumptions in Table 2 can be used；
•	FFS: the support of general scenarios defined in TR 36.843
Proposal 2:	In the evaluation of SL FR2, the NR indoor mixed office channel model defined in TR 38.901 is re-used for the NR inH Mixed Office scenario.
Proposal 3:	The following fundamental assumptions are considered in SL-FR2 evaluations：
•	Carrier frequency：30 or 63 GHz
•	UE Tx power：23 dBm for 30 GHz, 21 dB baseline for 63 GHz, 27 dBm optional for 63 GHz. For both 30 and 63 GHz, EIRP should not exceed 43 dBm
•	UE receiver noise figure：13 dB (baseline), 10 dB (optional)
•	SL simulation bandwidth (MHz)：100 MHz for 30 or 63 GHz
•	SCS: 60 or 120 kHz
Proposal 4:	In the evaluations for SL FR2, the minimum association RSRP shall be guaranteed above a threshold for unicast pairing wherein the calculation of minimum association RSRP shall be one of the following
•	The calculation of minimum association RSRP takes into account both the Tx and Rx beamforming gain
•	The calculation of minimum association RSRP takes into account only the Tx beamforming gain
•	The calculation of minimum association RSRP takes into account neither the Tx beamforming nor Rx beamforming gain
Proposal 5:	For the antenna configuration of SL-FR2 evaluations, the P-UE and cellular UE antenna characteristics in table 5 and 6 can be re-used.
•	FFS:TXRU mapping
Proposal 6:	For the evaluation of SL-FR2, companies report traffic model from the following options:
•	R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 10)
•	FTP model 3 with RU satisfying one of the followings:
-	RU Low load: 10%~25%
-	RU Mid load: 35%~50%
-	RU High load: above 55%
•	XR cloud gaming model in TR38.838
Note : Subchannel instead of RB is used in the RU calculation. The occupied subchannels shall take into account the actual number of UEs mutliplexed on the same resources.
Proposal 7:	The following can be considered as performance metrics for FR2 evaluation:
•	PRR
•	Latency
•	Mean, 5% and CDF of UPT
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