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1. Introduction
Based on the SL evolution WID’s guidance as proved in RAN#96 meeting [1], e.g., whether to specify the SL FR2 objective will be checked in RAN#97 meeting, it has been extensively discussed in September RAN#97-e meeting with the following SL evolution WID updated, and the detailed contents can refer to the approved WID contribution [2].
	*** Unchanged text is omitted ***
4.1 Objective of SI or Core part WI or Testing part WI
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#98-e)
[bookmark: _Hlk89917254][bookmark: OLE_LINK2]*** Unchanged text is omitted ***
3. 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)
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]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.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
4. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· Note, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A
*** Unchanged text is omitted ***


According to the updated WID guidance, SL FR2 discussion only focus on the evaluation methodology for commercial deployment scenario in Q4 2022, and whether to further study for SL FR2 will be determined in RAN#98-e meeting. In previous RAN1#110bis-e meeting, the evaluation methodology of SL FR2 was extensively discussed and the following agreements were achieved [3]:
	Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2
· Reuse indoor layout defined for SL-U with pairs topology and without WiFi nodes 
· FFS: total number of UEs deployed in the layout
· Companies should report how UEs are paired
· FFS: whether to consider the cluster-based topology defined for SL-U
· Note: for the evaluation, there is no Uu link in this indoor layout
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, reuse layout option 3 in Section A.2.1.1 of TR 36.843 with 
· Option 1: 7 macro sites with 3 cells per site
· Option 2: a single site
· Companies should report how UEs are paired
· FFS: total number of UEs deployed in the layout
· FFS: whether Uu and PC5 use same carrier
· FFS: ISD for this layout option 3
Agreement
For the indoor layout defined in the evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the total number of UEs is 12 pairs/20 MHz with scaling factors of 1, ½ or 1/3.  
Agreement
For the outdoor layout defined in the evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the number of UEs per cell is 60 with scaling factors of 1, ½ or 1/3. 
Agreement
[bookmark: OLE_LINK1]For the outdoor layout defined in the evaluation methodology for commercial deployment scenario for sidelink operation on FR2, Uu link has different carrier as PC5 in the simulation is the baseline
· Optional: Uu link has same carrier as PC5 in the simulation. 
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for the outdoor layout, the channel model reuses the procedures and parameters for UMi - Street Canyon specified in TR 38.901. 
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for the indoor layout, the channel model reuses the procedures and parameters for InH mixed office specified in TR 38.901. 
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for UE antenna parameters, reuse the antenna element pattern and antenna array configuration for pedestrian UE and cellular UE as in Table 6.1.4-6 and Table 6.1.4-7 of TR 37.885. 
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, consider at least the following parameters: 
· Carrier frequency: 30 GHz
· Sub-carrier spacing: 120 kHz (baseline), 60 kHz (optional)
· Simulation bandwidth: 100 MHz (baseline), 200 MHz (optional)
· UE receiver noise figure: 13 dB (baseline), 10 dB (optional)
· UE Tx power: 23 dBm (EIRP should not exceed 43 dBm)
· UE speed: 3 km/h
Agreement
For the outdoor layout defined in the evaluation methodology for commercial deployment scenario for sidelink operation on FR2, ISD is 200 meters.
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, support at least the following traffic model:
· Option 1: periodic traffic mode 3
· Packet size scaling factor is up to companies’ porting
· 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%
· Packet size is up to companies’ reporting
· Option 3: XR traffic models including cloud gaming, virtual reality, and augmented reality.  
· It is up to each company to use either Option 1 or 2 or 3 or mixed of them.
Agreement
When reporting the simulation results for sidelink operation on FR2, companies should report the used resource allocation scheme. 
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, performance metric includes UPT, latency and PRR which regards the packet whose delay exceeding the remaining PDB as transmission failure. 
·  FFS: UE satisfaction as section 7.2 in TR 38.838 for XR traffic evaluation


In this contribution, we will further discuss the remaining issues and provide some simulation results based on above agreements. 
2. Discussion 
2.1 Evaluation methodology related
For the Rel-18 SL evolution, the purpose of introducing the SL operation on FR2 is to increase the data rate efficiently for expending the applicability of NR SL to commercial use cases, e.g., XR based interactive service via SL communication, SL tethering, etc. Thus, the evaluation methodology for SL FR2 shall focus on the commercial use case.
[bookmark: _Ref115434613]Observation 1: The evaluation methodology for SL FR2 shall focus on the commercial use case.
For the commercial use case, in addition to consider the Tx UE and Rx UE has equally processing capability as agreed in previous meeting, another scenario that Tx UE and Rx UE have different UE processing capability also shall be considered for the Rel-18 SL evolution discussion. For example, in some cases, the Tx UE has stronger processing capability, e.g., the high-end smart phone and to transmit the corresponding service via a narrower beam, and the Rx UE with lower processing capability, e.g., the low-end XR device, can use a widened beam to receive the services, or the low-end device transmit the corresponding data packet with a coarse beam, and the high-end device to receive it with a finer beam. From our understanding, this is a typical scenario for the SL commercial use case and should be prioritized.
Besides, the UE for SL FR2 evaluation also can be referred to as a reduced capability since the RedCap UE also can support the FR2 as the discussed in the RedCap topic [5]. For the RedCap UE on FR2, it also has considered the UE with unequally Tx and Rx capability, e.g., the configuration for the RedCap UE on FR2 is 1T2R. So, for the SL FR2 evaluation with unequally UE capability, it can take RedCap UE configuration on FR2 as a baseline. For example, the antenna setting for the 1T2R is 1TX: {M,N,P,Mg,Ng}={2,2,1,1,1} and 2RX: {M,N,P,Mg,Ng}={2,2,2,1,1}.
[bookmark: _Ref118389845]Observation 2: It is a typical scenario for SL commercial use case that Tx UE and Rx UE has different UE capability, e.g., high-end smartphone serving low-end wearable (e.g., XR glasses) UEs.
[bookmark: _Ref118389847]Observation 3: The RedCap UE’s configuration on FR2 can be regarded as a baseline for the SL FR2 UE with unequally TX and RX capability.

[bookmark: _Ref118389897]Proposal 1: For the SL FR2 evaluation, unequally UE capability between transmitter UE and receiver UE shall be prioritized and with the following antenna setting for evaluation:
· 1Tx: {M,N,P,Mg,Ng}={2,2,1,1,1}
· 2Rx: {M,N,P,Mg,Ng}={2,2,2,1,1}

Even though the SL-U operation only focuses on the unlicenced band, it has the similar objective with that of SL FR2, e.g., increase the data rate for the commercial use case, so, it has the common understanding that SL-U evaluation methodology can be as a baseline with some modification, e.g., it has been agreed reusing indoor layout defined for SL-U with pairs topology and without WiFi nodes. 
[bookmark: _Ref118389848]Observation 4: It is common understanding the evaluation methodology in SL-U can be as a baseline for the SL FR2 evaluation discussion.
However, For SL FR2 evaluation, whether to consider the cluster-based topology defined for SL-U was discussed and without achieving consensus due to controversial views.
	Agreements for SL-U cluster-based topology in RAN1#110:
· Option 2: SL UE clusters (R1-2203146)
[image: 捕获]
· Indoor layout and UE dropping model with N = 3 or 6 clusters and each with M=5 UEs
· Each cluster is a circle, with a central point and radius Rmax = 15 or 10m and Rmin = 5 or 1m
· No overlapping among the N clusters
· For coexistence, there are two operators to model two RATs at a time, where the red one is Wi-Fi AP or NR-U gNB. NR-U UE / Wi-Fi STA are dropped uniformly per gNB/AP.
· Simulation bandwidth can be larger than 20MHz (e.g., 80MHz)


There were two main arguments for not supporting the cluster-based scenario. The first argument only is that they think the cluster-based topology is mainly for the groupcast or broadcast scenario, and the second argument is that the use case of cluster-based topology is mainly for smart-home scenario.
Regarding the first argument, from our understanding, the cluster-based topology not only can be used for broadcast/groupcast scenario, but also can be used for the unicast scenario. For example, the header UE as a Tx UE can serve multiple surrounding UE with TDMed beams, e.g., the header UE use beam#1, beam#2, beam#3 to server the receiver UE 1, UE 2, and UE 3 with TDMed mechanism, respectively.
[bookmark: _Ref118389849]Observation 5: Cluster-based topology also can be used for SL FR2 unicast scenario.
Regarding the second argument, we basically agree that the cluster-based topology is used for the smart-home scenario, however, for the smart-home scenario, it does not mean the UE can does not equipped for supporting beam-based FR2 operation. For example, for some high-end XR device as a surrounding UE also can be communicated with the header UE via cluster-based topology. 
[bookmark: _Ref118389850]Observation 6: Cluster-based topology also can be used for smart-home scenario.
Besides, from the perspective of SL commercial use case, the difference between SL-U and SL FR2 is small since both two topics are considered for increasing the maximum data rate to offer better user experience. So, the similar commercial use case for be defined for the two features.
[bookmark: _Ref115434617]Based on the above discussions and observation, the following proposal is suggested: 
[bookmark: _Ref118389898]Proposal 2: Cluster-based topology shall be defined for SL FR2 evaluation.

Regarding the performance metric, it is highly relevant with the traffic model, which means different traffic model may will have specific performance metric. In the RAN1#110-bis-e meeting, the XR traffic models including cloud gaming, virtual reality, and augmented reality has been agreed as one of SL FR2 traffic model for further evaluation. For the performance metric of XR service, it has been extensively discussed in previous XR topic and concluded UE satisfaction and system capacity are two key performance indicators [6]. Since the XR traffic model has been agreed as a SL FR2 traffic model, it is straightforward to reuse the corresponding performance metric.
Regarding some companies argued that the agreed PRR has already reflected the KPI of UE satisfaction, from our understanding, it is not quite correct. The PRR only reflect the packet reception ration within in specific PDB, but the UE satisfaction not only consider the PDB condition, also consider that the PER is needed to be within a specific requirement. For example, the reliability requirement for the UE satisfaction is 99%, i.e., the PER=1%. From this perspective, the metric of UE satisfaction is stricter than the PRR, and it is suitable for measuring the XR services’ performance.  
[bookmark: _Ref118712224][bookmark: _Hlk118738831]Observation 7: The PRR cannot overall reflect the XR service requirement.
Besides, the system capacity is identified as KPI for capacity study for XR traffic model, which is defined as the maximum number of users per cell with at least 90 % of UEs being satisfied. For the SL FR2, even though there is no cell concept, the coverage of SL FR2 is limited than FR1, it is suggested to reuse the system capacity metric to evaluate the effective number of SL pairs within the coverage in the XR traffic model. 
[bookmark: _Ref118712226]Observation 8: The system capacity metric can be used to evaluate the effective number of SL pairs within the coverage in the XR traffic model.

So, it is suggested that reusing the current KPI defined in section 7.2 of TR 38.838 for SL FR2 if the traffic model is the XR traffic.

[bookmark: _Ref118389899]Proposal 3: The UE satisfaction and system capacity defined in section 7.2 of TR 38.838 shall be used as a performance metric for SL FR2 if the traffic model is XR traffic.

2.2 Simulation results

In the following evaluation results, the indoor layout topology agreed in RAN1 #110-b e-meeting is adopted. The unicast traffic and traffic model of FTP model3 with low BO is used in the analog beam number evaluation between TX UE and RX UE. Based on the agreements, a total of 20 SL pairs are dropped randomly on indoor topology, where the SL UE pairing threshold satisfies the maximum pairing distance < 10m. The other detailed evaluation configuration is summarized in Table 1.
Table 1. Summary of evaluation configurations for indoor scenario
	Parameter
	Value

	Carrier Frequency 
	30 GHz

	Subcarrier Spacing
	120 kHz

	Bandwidth
	100 MHz

	Deployment Scenario
	Indoor Office as agreement

	Mobility
	3 km/hr 

	UE Antenna Configuration
	Smart phone UE  
=(2,4,2,1,2) with =(0.5,0.5)λ

Wearable device
=(2,2,1,1,1) with =(0.5,0.5)λ for 1 TX
=(2,2,2,1,1) with =(0.5,0.5)λ for 2 RX
The UE utilizes only 1 panel at a given moment.

	UE Antenna element gain
	5 dBi

	UE Power Limitation
	23dBm 

	UE Noise Figure
	10 dB

	Traffic Model
	Option 1: FTP Model 3 
Option 2: XR traffic model 

	UE Receiver
	MMSE-IRC

	UE Pairing threshold
	By maximum distance

	Number of UE pairs
	4 pairs/20MHz
For 100MHz BW, total of 20 SL pairs



Different analog beam number configured at TX UE side and at RX UE side are evaluated. The UE selects one beam based on beam management result for data transmission. The UPT performance is provided in Figure 1.
[image: ]
Figure 1 The UPT performance evaluation
Based on the simulation result, the following observations are achieved:
[bookmark: _Ref118739761]Observation 9: Finer TX beam and finer RX beam provides better UPT performance. However, the UPT gain is marginal.

[bookmark: _Ref118739763]Observation 10: Fine TX beam pairing with wide RX beam provides better performance than wide TX beam pairing with fine RX beam. 

3. Conclusion 
In this contribution, it discusses the evaluation methodology of SL FR2, and the following observation and proposals are achieved: 
Observation:
Observation 1: The evaluation methodology for SL FR2 shall focus on the commercial use case.
Observation 2: It is a typical scenario for SL commercial use case that Tx UE and Rx UE has different UE capability, e.g., high-end smartphone serving low-end wearable (e.g., XR glasses) UEs.
Observation 3: The RedCap UE’s configuration on FR2 can be regarded as a baseline for the SL FR2 UE with unequally TX and RX capability.
Observation 4: It is common understanding the evaluation methodology in SL-U can be as a baseline for the SL FR2 evaluation discussion.
Observation 5: Cluster-based topology also can be used for SL FR2 unicast scenario.
Observation 6: Cluster-based topology also can be used for smart-home scenario.
Observation 7: The PRR cannot overall reflect the XR service requirement.
Observation 8: The system capacity metric can be used to evaluate the effective number of SL pairs within the coverage in the XR traffic model.
Observation 9: Finer TX beam and finer RX beam provides better UPT performance. However, the UPT gain is marginal
Observation 10: Fine TX beam pairing with wide RX beam provides better performance than wide TX beam pairing with fine RX beam.
Proposal:
Proposal 1: For the SL FR2 evaluation, unequally UE capability between transmitter UE and receiver UE shall be prioritized and with the following antenna setting for evaluation:
· 1Tx: {M,N,P,Mg,Ng}={2,2,1,1,1}
· 2Rx: {M,N,P,Mg,Ng}={2,2,2,1,1}
Proposal 2: Cluster-based topology shall be defined for SL FR2 evaluation.
Proposal 3: The UE satisfaction and system capacity defined in section 7.2 of TR 38.838 shall be used as a performance metric for SL FR2 if the traffic model is XR traffic.
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