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Introduction
The following agreements for enhanced sidelink (SL) operation on FR2 licensed spectrum were made in the RAN1#112 and RAN1#112bis-e meetings [1][2]:
	Agreement [1]:
RAN1 is to study sidelink beam measurement and reporting schemes (e.g., periodicity, contents, container, timing, procedure, etc.) for sidelink beam maintenance.

Agreement [1]:
RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.

Agreement [2]:
[bookmark: _Hlk134807413]Consider one or more of the following items as sidelink beam reporting contents for beam maintenance:
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting

Agreement [2]:
The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)



Based on the above agreements, this contribution presents our views on enhanced SL operation on FR2 licensed spectrum.

Initial beam pairing
Like in 5G NR Uu, SL initial beam-pairing process can involve two steps: beam sweeping process in which TX UE sweeps TX beams by transmitting reference signals (e.g., synchronization signals) through the beams and beam indication in which the RX UE measures the received signal strength of each reference signal and indicates the best TX beam to the TX UE.
Beam sweeping
In NR Uu, Synchronization Signal Block (SSB) transmission of gNodeB is utilized for beam sweeping in the initial access procedure. A UE identifies the optimal downlink (DL) beam by receiving and measuring the SSB of each beam and transmits a Physical Random Access Channel (PRACH) associated with the optimal beam to the gNodeB through an uplink (UL) random access procedure to notify the gNodeB of this. Through this procedure, the gNodeB can identify a UE that wants to access the network and its optimal DL beam. However, in NR SL communication, no such procedure is specified for SL initial beam-pairing.
Similar to the beam sweeping of 5G NR Uu, SL SSB (S-SSB) can be used for initial beam sweeping. However, one issue needs to be addressed first. In NR SL, S-SSB was originally designed for the purpose of synchronization. More specifically, SL Synchronization Signal ID (SL-SSID) carried via S-PSS and S-SSS is utilized to identify synchronization source type, specifically, whether it is located within or outside coverage and whether the UE has a direct or indirect connection to it. This means that the SL-SSID, being non-UE-specific information, cannot differentiate between different UEs. SL-SSID is also used for PSBCH DMRS sequence initialization. As the current S-SSB does not convey any UE-specific information, the RX UE is unable to differentiate whether the received multiple beams come from a single TX UE or multiple TX UEs during the beam sweeping procedure.
Observation 1: Since the current S-SSB does not carry any UE-specific information for RX UE to identify where the beam comes from, it cannot be directly utilized for the SL beam seeping procedure.

To use S-SSB for SL initial beam sweeping, it is necessary to enhance the S-SSB to carry implicit or explicit UE-specific information. In order for an RX UE to differentiate TX UEs during beam sweeping, one potential approach to convey UE-specific information (e.g., UE ID) implicitly could involve assigning S-SSBs to UE-specific time and/or frequency resources (e.g., new S-SSB slots) that can be determined by UE-specific information (e.g., UE ID). However, this approach might require substaintial specification changes. One easy and straightforward approach that we might consider is to use one bit of two reserved fields in the PSBCH payload for the beam sweeping flag. The beam sweeping flag indicates whether the SSB is for initial beam sweeping or synchronization. For instance, when this flag is set to one, the S-SSB is used for initial beam sweeping, and the SL-SSID is employed to carry UE-specific information (e.g., UE ID). Conversely, when this flag is set to zero, the S-SSB is used for the legacy synchronization purpose.
Proposal 1: One easy and straightforward approach for S-SSB to carry UE-specific information for SL initial beam sweeping is to use one bit of two reserved fields in the PSBCH payload for the beam sweeping flag that indicates whether the SSB is for initial beam sweeping or synchronization.
Proposal 2: We propose to use SL-SSID to carry UE-specific information (e.g., UE ID) for SL initial beam sweeping.

Beam indication
[bookmark: _GoBack]Beam indication is also a very important step in initial beam pairing. In NR Uu, the RX UE could indicate the TX beam of the gNodeB by measuring the received SSBs/beams and transmitting the PRACH through the RACH occasion associated with the selected/optimal SSB. In our opinion, SL beam indication can be done with a similar concept in NR Uu. RX UE receives the S-SSBs transmitted from multiples beam of the TX UE and determines the most suitable S-SSB (i.e., TX beam) based on the measurement results of the S-SSBs. The problem is how to indicate the TX beam to the TX UE since there is no PRACH in SL. In our opinion, similar to PRACH in NR Uu, PSFCH can be used for beam indication in NR SL initial beam pairing.
Proposal 3: Similar to PRACH in NR Uu, PSFCH can be used for beam indication in NR SL initial beam-pairing.

Beam Maintenance
It was agreed in RAN1#112 meeting [1] to study SL beam measurement and reporting schemes (e.g., periodicity, contents, container, timing, procedure, etc.) for SL beam maintenance. Once the initial beam-pairing is completed, SL communication between the two UEs can be conducted, and SL beam maintenance procedure can be conducted periodically or aperiodically for beam refinement.

Beam sweeping
According to the instruction from the WID [3], reusing the existing SL CSI framework and Uu beam management concepts is considered the baseline for designing SL beam management. Similar to NR Uu, SL CSI-RS can be used for beam sweeping. However, unlike CSI-RS in NR Uu, Rel-16/17 SL only supports aperiodic CSI-RS, and the CSI-RS has to be transmitted along with the SL data. Therefore, it is difficult to perform flexible beam sweeping using the Rel-16/17 CSI-RS, which is one of the hurdles that need to be addressed. 
Observation 2: The aperiodic CSI-RS supported by Rel-16/17 SL needs to be transmitted along with the SL data, which may result in performance degradation.
Proposal 4: We propose to introduce periodic CSI-RS for beam sweeping in beam maintenance and study standalone SL CSI-RS transmitted without SL data.

Beam measurement and reporting
As previously mentioned, unlike periodic CSI-RS, the aperiodic CSI-RS supported by Rel-16/17 is not optimized for rapid beam sweeping. However, it can still be employed for beam measurement and reporting. According to Rel-16 SL specifications, TX UE can initiate a CSI request by triggering the CSI request field of SCI (e.g., SCI format 2-A) and sending it to RX UE. Subsequently, the RX UE can perform CSI reporting through the MAC Control Element (CE) carried via PSSCH. Hence, beam measurement and reporting can be done by reusing the aperiodic CSI-RS and CSI report via MAC CE, which can avoid substantial specification changes.
Observation 3: While the Rel-16/17 aperiodic SL CSI-RS is not suitable for rapid beam sweeping in SL beam maintenance, beam measurement and reporting by reusing the aperiodic SL CSI-RS and CSI report via MAC CE has the minimum specification impact.

Meanwhile, it was agreed in RAN1#112 meeting [1] to study SL beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for SL beam maintenance. Subsequently, in the last meeting [2], further detailed discussion was triggered on what to be SL beam reporting contents and how the contents can be delivered for beam maintenance. For the beam reporting contents, beam indication (e.g., CRI) and L1-RSRP are considered possible solutions, and for the container of beam reporting, SL PHY layer signal (e.g., PSFCH, SCI) and SL MAC CE are considered possible options. Regarding the beam reporting contents and the container, we prefer beam indication through PSFCH or SCI considering that using MAC CE may have a latency issue.
Proposal 5: Regarding the beam reporting contents and the container, we prefer beam indication through PSFCH or SCI considering that using MAC CE may have a latency issue.

Summary
In this contribution, the following observations and proposals are made for enhanced SL operation on FR2 licensed spectrum.
Observation 1: Since the current S-SSB does not carry any UE-specific information for RX UE to identify where the beam comes from, it cannot be directly utilized for the SL beam seeping procedure.
Observation 2: The aperiodic CSI-RS supported by Rel-16/17 SL needs to be transmitted along with the SL data, which may result in performance degradation.
Observation 3: While the Rel-16/17 aperiodic SL CSI-RS is not suitable for rapid beam sweeping in SL beam maintenance, beam measurement and reporting by reusing the aperiodic SL CSI-RS and CSI report via MAC CE has the minimum specification impact.

Proposal 1: One easy and straightforward approach for S-SSB to carry UE-specific information for SL initial beam sweeping is to use one bit of two reserved fields in the PSBCH payload for the beam sweeping flag that indicates whether the SSB is for initial beam sweeping or synchronization.
Proposal 2: We propose to use SL-SSID to carry UE-specific information (e.g., UE ID) for SL initial beam sweeping.
Proposal 3: Similar to PRACH in NR Uu, PSFCH can be used for beam indication in NR SL initial beam-pairing.
Proposal 4: We propose to introduce periodic CSI-RS for beam sweeping in beam maintenance and study standalone SL CSI-RS transmitted without SL data.
Proposal 5: Regarding the beam reporting contents and the container, we prefer beam indication through PSFCH or SCI considering that using MAC CE may have a latency issue.
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