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1.  Introduction
[bookmark: _Hlk89917254]New radio (NR) sidelink (SL) communication is used to share information between device to device without or with only minimal involvement of the gNB. SL is evolved in NR Rel-15 and stabilized in Rel-17 for FR1 operation. But FR2 support for SL is limited. Rel-18 is planning to introduce FR2 enhancements/optimization mainly focusing on beam management aspects. In RAN#97, it is agreed to evaluate the enhancements for FR2 till RAN#98. The detailed objective of the study is as follows [1], 
· Study and specify enhanced SL 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][bookmark: _Hlk89917283]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· Work is limited to the support of SL beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing SL-CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers SL unicast communication only.
Base on this objective in RAN # 110b-e initial simulation scenarios and parameters are agreed for analysing the FR2 enhancements. Following are the agreement from last meeting.

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
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.

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for outdoor layout, do not support UE-to-UE 2D distance smaller than 10m.

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for outdoor layout, in the pathloss model for UMi – Street Canyon in TR38.901, antenna height of base station () is replaced by antenna height of UE (). 

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, optionally support performance metric of UE satisfaction as section 7.2 in TR38.838 for XR traffic evaluation.

This contribution provides the initial evaluation results for agreed parameters and further discussion on evaluation methodology used for FR2 evaluation in sidelink enhancement. 

2. Beam management for Sidelink
3GPP NR standard has defined multiple beam management procedures, including beam measurement, beam sweeping, beam reporting, and beam determination, for both Time Division Duplexing (TDD) and Frequency Division Duplexing (FDD) systems, in sub 6 and mmWave bands. 3GPP NR has introduced Channel State Information Reference Signals (CSI RSs) and Synchronization Signal Blocks (SS blocks) for beam management in the Downlink (DL) and Sounding Reference Signals (SRSs) for beam management in the Uplink (UL). As the channel is known to the transmitter it forms BF vectors to send the data in beams to the receiver. The transmitting of the beams between two UEs as follows in the Figure 1.
It mimics the beamforming capability of UE by tilting the beam of the antenna as per the UE direction. Till Rel 17, sidelink beam management is optimised for FR1 operation. But in 5G advance use cases more stringent requirements on data rate and reliability are expected from sidelink technology. Therefore mmWave optimization is important aspect to realise such future use cases.  One of the important aspects to be optimised is in this regard is beam management capability over sidelink. We can expect more performance improvement with respect to throughput and reliability with the beam management in the sidelink communication system. Therefore, it is necessary to explicitly study the beam management aspects of sidelink and determine the gaps in specification for better support beam management in FR 2 bands. So we propose to study the beam management in sidelink to enhance the performance in the system.

Proposal 1: In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the beam management can be explicitly studied to enhance the performance of the sidelink in Rel 18.
[image: C:\Users\shafi\Desktop\CEWiT\PS2_Sidelink enhancement\PS_figures\Beams_D2D.png]


Figure 1: Beams representation between two UEs

In commercial use cases for sidelink on FR2, the two UEs are communicating directly with each other. In FR 2, there may be a possibility for blockage of signals from human body as well, particularly in outdoor scenarios there may be blockage of signals form vehicles. So, it is important to simulate the performance in presence of environmental blockages. Therefore, we propose to use the proper blockage models for the channel generation in the evaluation for both the scenarios.
   
Proposal 2: In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the blockage models either Model A or Model B presented in sections 7.6.4.1 and 7.6.4.2 respectively in TR 38.901 can be used.

3. Sidelink Evaluation on FR2:
For analysing the performance of sidelink in FR2, we perform the simulation in indoor and outdoor scenarios for by considering all agreements from RAN1 #110b-e and RAN1 #111. We dropped the users in the layouts randomly in both the agreed scenarios and paired to generate the communication links between the UEs. The UEs pairing is explained in the following sub section.
a) UE pairing:
I. Indoor Scenario: 
Random Pairing: We drop the users randomly in the layout. We choose the Tx-UEs and Rx-UEs randomly in the dropped users. We paired the Tx-UEs with Rx-UEs randomly.
Distance-based Pairing: We drop the users randomly in the layout. Pairing is performed by following steps 
i) We first choose a Tx-UE1 randomly and paired that Tx-UE1 with the nearest user in the dropped users.
ii) Next, we choose another Tx-UE2 randomly in the remaining dropped users and paired with the nearest user in the dropped users.
iii) Similarly, for all the dropped users, we are choosing Tx-UE and Rx-UE pairs.
II. Outdoor Scenario: 
Random Pairing: We drop the users randomly in the layout. We choose the Tx-UEs and Rx-UEs randomly in the dropped users. We paired the Tx-UEs with Rx-UEs randomly.
Distance-based Pairing: We drop the users randomly in the layout. Pairing as following the steps below
i) We first choose a Tx-UE1 randomly and paired Tx-UE1 with the nearest user in the dropped users.
ii) Next, we choose another Tx-UE2 randomly in the remaining dropped users and paired with the nearest user in the dropped users.
iii) Similarly, for all the dropped users, we paired all the users.

b) Evaluation Results: 
We perform the simulation for the Indoor and Outdoor scenarios with out of coverage (OOC) case to compute PRR by transmitting the random data. We present the PRR performance with varying SNR values. While detecting the transmitting signal, we use the simple linear detector at the receiver. The Figure 2 represents the PRR performance for indoor scenario with consideration of the agreements. We observed from the Figure 2 that the distance-based paring case gave best PRR compared to random pairing. Similarly, for the outdoor scenario.

Observation 1: In commercial use cases for sidelink on FR2, the distance-based pairing of UEs gave best performance in both the indoor and outdoor scenarios.

[image: C:\Users\shafi\Downloads\PRR_Indoor_Agr.jpg]
Figure 2: PRR for Indoor Scenario
I. Indoor Scenario:
[image: C:\Users\shafi\Desktop\CEWiT\3GPP\Rel-18-112\Indoor_Layout.jpg]We perform simulations for the indoor scenario. The layout of dropping the users in the indoor is present in Figure 3. The red coloured points representing the transmit users and the blue coloured points representing the receive users. We use the distance based pairing between the users and set the simulation parameters by following the agreements. We have considered 20MHz bandwidth. We are assuming that the channel is known and compute the successful transmission rate. 

Figure 3: Layout of the users in the indoor scenario


We present the cumulative distributive function (CDF) for successful transmission rate for the indoor scenario for different SNR values in Figure 4. We can observe that as the SNR value increases the success rate is increases. 

Observation 2: For indoor scenario, the success rate is almost 99.7% for 0dBm SNR, we can expect 99.99% of success rate for slightly higher SNR values. 
[image: C:\Users\shafi\Desktop\CEWiT\3GPP\Rel-18-112\Contr_1.jpg]

Figure 4: CDF for Success rate in Indoor Scenario

II. Outdoor Scenario (7 sites):
We perform simulations for the outdoor scenario for 7 sites, 3 cells per site and 60 users per cell. The layout of dropping the users in the outdoor is present in Figure 5. The red coloured points represents the in-active base stations. The blue coloured points representing the users. We use the distance based pairing and set the simulation parameters by following the agreements. We have considered 20MHz bandwidth. We are assuming that the channel is known and compute the successful transmission rate. 
[image: C:\Users\shafi\Desktop\CEWiT\3GPP\Rel-18-112\layout_outdoor.jpg]

Figure 5: Layout of the users in the 7 sites

We present the cumulative distributive function (CDF) for successful transmission rate for the outdoor scenario for different SNR values in Figure 6. We can observe that as the SNR value increases the success rate is increases. 

Observation 3: For outdoor scenario, we can observe that the success rate is almost 99.9% for 15dBm SNR. 
[image: C:\Users\shafi\Desktop\outdoor_7site.jpg]

Figure 6: CDF for Success rate in Outdoor Scenario (7 sites)

III. Outdoor Scenario (7 sites):

We perform simulations for the outdoor scenario for single site, 3 cells per site and 60 users per cell. The layout of dropping the users in the outdoor is present in Figure 7. The red coloured dot represents the in-active base station and the blue coloured points represents the users. We use the distance based pairing and set the simulation parameters by following the agreements. We have considered 20MHz bandwidth. We are assuming that the channel is known and compute the successful transmission rate. 
[image: C:\Users\shafi\Desktop\CEWiT\3GPP\Rel-18-112\layout_outdoor_single.jpg]
Figure 7: Layout of the users in the single site

We present the cumulative distributive function (CDF) for successful transmission rate for the outdoor scenario for different SNR values in Figure 8. We can observe that as the SNR value increases the success rate is increases. 

[image: C:\Users\shafi\Desktop\CEWiT\3GPP\Rel-18-112\outdoor_single.jpg]Observation 4: The success rate is almost 99.8% for 5dBm SNR, we can expect 99.999% of success rate for slightly higher SNR value than 5dBm.


Figure 8: CDF for Success rate in Outdoor Scenario (single site)

4.  Conclusion:
The contribution draws the following observations and proposals,

Proposal 1: In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the beam management can be explicitly studied to enhance the performance of the sidelink in Rel-18.

Proposal 2: In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the blockage models either Model A or Model B presented in sections 7.6.4.1 and 7.6.4.2 respectively in TR 38.901 can be used.

Observation 1: In commercial use cases for sidelink on FR2, the distance-based pairing of UEs gave best performance in both the indoor and outdoor scenarios.

Observation 2: For indoor scenario, the success rate is almost 99.7% for 0dBm SNR, we can expect 99.99% of success rate for slightly higher SNR values. 

Observation 3: For outdoor scenario, we can observe that the success rate is almost 99.9% for 15dBm SNR. 

Observation 4: The success rate is almost 99.8% for 5dBm SNR, we can expect 99.999% of success rate for slightly higher SNR value than 5dBm. 
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