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Introduction
In RAN1#111 meeting, regarding evaluation methodology for sidelink on FR2, the reached agreements and conclusions are listed as follows: 

Conclusion:
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, indoor layout with cluster-based topology is up to companies. Further discussion on the evaluations assumptions for cluster-based topology is not expected.
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.
Conclusion
When reporting the simulation results for sidelink operation on FR2, companies should report the used beamwidth.  
Conclusion
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the UE antenna array configurations other than the one defined in Table 6.1.4-7 of TR37.885 are not precluded. 

In this contribution, we provide our views towards proceeding work in FR2.
Discussion 
Reference Signals for SL Beam Management on FR2 
As per the Rel-18 NR Sidelink evolution WID revised during the RAN#98-e [1] meeting, the study for FR2 is limited to the support of sidelink beam management by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.

	3. [bookmark: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]Study 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. [RAN1, RAN2]
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.




In NR Uu, periodic CSI framework or SSB are used in supporting beam management, including initial access, beam maintenance and beam failure recovery. In existing sidelink CSI framework as specified in 3GPP R16, periodic CSI-RS and reporting are not supported. But sidelink SSB specified in R16 are configured periodically. Considering reference signal estimation and reporting framework impacts beam management, both sidelink CSI and S-SSB reusing the framework and parameters defined in 3GPP R16 should be evaluated in the system-level simulation.
In R16 NR sidelink, CSI framework is supported in unicast communications only. Both SL CSI-RS and CSI (CQI and RI) reporting are carried by PSSCH. The design of the SL CSI-RS is based on the CSI-RS design of R15 NR Uu. The SL CSI-RS is transmitted by a TX UE along with a CSI request triggering aperiodic CSI reporting for the RX UE. It is expected that the RX UE reports the CSI within a latency bound relative to the slot on which the reporting is triggered. 
In R16 NR SL, S-SSB occasions are organized with a fixed periodicity of 160ms, as illustrated by Figure 1. Within one S-SSB period, multiple S-SSB occasions are distributed according to two parameters: TOffset indicating the time offset from the start of the S-SSB period and TInterval indicating the time interval between adjacent S-SSB occasions. The exact number of S-SSB occasions within each S-SSB period, denoted by N, is determined by SCS and frequency range, as shown in Table 1. 


Figure 1 Distribution of S-SSB occasions within an S-SSB period in R16 NR SL

Table 1 Number of S-SSBs within an S-SSB Period (160 ms) for FR2
	Frequency Range
	SCS
	Number of S-SSBs per Period

	FR2
	60 kHz
	1,2,4,8,16,32

	
	120 kHz
	1,2,4,8,16,32,64



Proposal 1: In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, sidelink CSI and S-SSB reusing the framework and parameters defined in 3GPP R16 should be evaluated in the system-level simulation.

Beam establishment operation for sidelink unicast connection 
Sidelink mmWave frequency (FR2) introduces challenges like sidelink beam establishment for unicast transmission between TX UE and a RX UE, Beam/Panel switching based on the measurement for unicast transmission, sidelink beam recovery. NR-Uu in Release 15 standardized SSB-RACH correspondence mechanism for initial beam alignment, however in NR PC5 such complex mechanism requires further study because not all UEs in sidelink transmits SSB and there is no RACH mechanism. 
Observation 1: Rel15 mechanism of initial beam alignment uses SSB-RACH-like mechanism 
Observation 2: sidelink SLSS is transmitted only by SyncRef UE for providing synchronization source to nearby UEs
The sidelink synchronization signal (SLSS) is only transmitted by the SyncRef UE to provide sync source to all nearby UEs and hence not all UEs transmit SLSS. Hence, other ways to establish Unicast session with UEs that are not transmitting SLSS should be investigated..  
The unicast connection establishment procedure involves transmitting direct communication request message containing source UEs (UE-1) application layer ID, target UEs (UE-2) application layer ID, service and QoS information and UE-1 sends the Direct Communication Request (DCR) message via PC5 broadcast using the source Layer-2 ID and the destination Layer-2 ID. Upon receiving the DCR message, UE-2 sends Direct communication Accept message (DCA). After receiving the Direct Communication Accept message from peer UE using unicast as shown in Figure 2, UE-1 obtains the peer UE's Layer-2 ID for future communication, for signalling and data traffic for this unicast link.
The V2X layer of the UE that established PC5 unicast link passes the PC5 Link Identifier assigned for the unicast link and PC5 unicast link related information down to the AS layer. The PC5 unicast link related information includes Layer-2 ID information (i.e. source Layer-2 ID and destination Layer-2 ID). This enables the AS layer to maintain the PC5 Link Identifier together with the PC5 unicast link related information.  
Observation 3: Unicast link establishment procedure involves exchange of Direct Communication Request (DCR) message via PC5 broadcast and Direct Communication Accept (DCA) message via PC5 unicast


Figure 2 Layer-2 Unicast link establishment procedure
Since the DCR message needs to send using broadcast, sidelink beam pair establishment may be done together with the exchange of DCR and DCA messages. UE-1 may transmit DCR broadcast message using different antenna panels/beams in different time (beam-sweeping). The SL-RS is embedded in the data transmission to aid the receiver channel measurement and such SL-RS for a UE may be orthogonally generated e.g., based on sequence and/or cyclic shifts and/or orthogonal cover code for different panels/beams. UE-2 should choose the receive panel/beam with strongest L1-RSRP for DCA message transmission using beam correspondence. The DCA message transmission from UE-2 contains panel id/beam id/SL-RS id used of reception of DCR message. Thus, the existing sidelink CSI-RS framework can be used to transmit and receive discovery message and beam pair establishment. If the beam correspondence is not supported, then the UE-2 may transmit SL-RS towards UE-1 to find the best beam pair. Since the CSI-RS configuration is not known to the RX UE and the PC5 RRC connection is yet to be established, then a set of default CSI-RS resources should be (pre)configured in a resource pool for initial beam establishment. 
[image: ]
Figure 3 Showing unicast beam establishment procedure using the discovery data

Proposal 2: Study various methods to establish beam for a unicast connection 
· SSB-RACH like sequence exchange 
· Beam pair establishment procedure is performed while exchanging DCR and DCA messages as part of unicast link establishment procedure
Proposal 3: Transmit SL-RS embedded in the data to aid the peer UE to measure the L1-RSRP to choose the best reception beam/panel
Proposal 4: Other method involve standalone SSB-RACH like sequence exchange requires more work and should be further evaluated 

Beam pair maintenance
UE-1 periodically/a-periodically transmit SL-RS both with current panel/beam used for SL data transmission and with other panel/beam to enable continuous L1 measurement from different beams/panels. Then UE-2 perform L1-RSRP measurement on each received beam/panel and provide measurement report to the UE-1. Existing CSI report should be enhanced to report beam measurement and the latency of such report should be evaluated to check whether existing CSI report transmission using MAC CE could be reused for beam measurement reporting. 
Proposal 5: Evaluate the existing CSI report latency for L1 beam measurement reporting

Beam recovery procedure 
The beam failure recovery procedure at a high level consists of 
· Beam failure detection 
· Beam failure recovery 
Beam failure detection is a combined L1/L2 procedure where L1 indicates beam failure instances (BFI) to MAC and MAC declares beam failure and starts recovery procedure when the BFI instances counter at MAC reaches a configured maximum number. The beam failure recovery procedure involves transmission of RACH on a candidate beam and receiving RACH response and msg3 within a time window.   
For sidelink beam monitoring, RAN1 needs to study which reference signal and how to declare beam link failure instance. One candidate procedure is to reuse the radio link failure procedure as a starting point, where UE1 detects the beam link failure from UE2 based on a combination of HARQ feedback (NACK/DTX) and RSRP threshold and initiate sidelink BFR procedure by transmitting reference signal in a using a candidate beam or using a beam sweeping manner. 
Proposal 6: RAN1 needs to study procedure to declare beam failure instance e.g., HARQ feedback based, RSRP threshold etc., 
Proposal 7: RAN1 needs to study procedure to initiate beam failure recovery which involves transmission of SL RS using a candidate beam or using a beam sweeping.

Conclusion
In this contribution, we provide our views towards proceeding work on FR2 with following proposals:
Proposal 1: In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, sidelink CSI and S-SSB reusing the framework and parameters defined in 3GPP R16 should be evaluated in the system-level simulation.
Observation 1: Rel15 mechanism of initial beam alignment uses SSB-RACH-like mechanism 
Observation 2: sidelink SLSS is transmitted only by SyncRef UE for providing synchronization source to nearby UEs
Observation 3: Unicast link establishment procedure involves exchange of Direct Communication Request (DCR) message via PC5 broadcast and Direct Communication Accept (DCA) message via PC5 unicast
Proposal 2: Study various methods to establish beam for a unicast connection 
· SSB-RACH like sequence exchange 
· Beam pair establishment procedure is performed while exchanging DCR and DCA messages as part of unicast link establishment procedure
Proposal 3: Transmit SL-RS embedded in the data to aid the peer UE to measure the L1-RSRP to choose the best reception beam/panel
Proposal 4: Other method involve standalone SSB-RACH like sequence exchange requires more work and should be further evaluated 
Proposal 5: Evaluate the existing CSI report latency for L1 beam measurement reporting
Proposal 6: RAN1 needs to study procedure to declare beam failure instance e.g., HARQ feedback based, RSRP threshold etc., 
Proposal 7: RAN1 needs to study procedure to initiate beam failure recovery which involves transmission of SL RS using a candidate beam or using a beam sweeping.
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