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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN#94e meeting, a new WID had been approved. And in RAN#98e meeting, this WID had been revised as the following: [1]
	4.1 Objective of SI or Core part WI or Testing part WI
......
1. [bookmark: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2] (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]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 RAN1#112 meeting, the following agreements were made: [2]
	Agreement
For sidelink beam management, RAN1 is to study
· how transmit beam(s) training and/or receive beam(s) training is performed
· whether and how spatial related information (e.g., TCI, QCL, beam ID, etc) information could be identified
· the relationship between PC5 unicast link establishment and sidelink initial beam pairing (e.g., whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure.)

Agreement
RAN1 is to study sidelink beam measurement and reporting schemes (e.g., periodicity, contents, container, timing, procedure, etc.) for sidelink beam maintenance.

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

Agreement
RAN1 is to study the information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.




In this contribution, we focus on the sidelink operation on FR2, including the initial beam pairing, beam maintenance, beam failure recovery and PSFCH beams.

Discussion
Initial beam pairing
The Rel-18 SL-Evo WID gives the premise to discuss beam management, i.e., to consider beam management in unicast scenarios only, reusing as much as possible the CSI architecture in NR SL systems as well as the beam management mechanism in NR Uu systems. Considering that the NR SL system sends SL CSI-RS in order to support CSI measurement and reporting in unicast systems, SL CSI-RS can also be used as the reference signal for beam training.
In RAN1#112bis-e meeting, the following agreements were made: [3]
	Agreement
To study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2, at least the following can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) from UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2  
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure and contents of S-SSB
· Triggering and/or activation of S-SSB transmission, if needed
· Mechanism for S-SSB monitoring and reporting/responding
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
· Potential impact to/from other UEs, and whether/how to avoid or mitigate this impact



It is worth noting that although SSB can also be utilized as a reference signal in downlink beam training of NR Uu, S-SSB is not suitable as a reference signal for beam training in sidelink systems. This is because S-SSB is sent in an SFN manner, i.e., multiple SL transmitting UEs use the same resources to send S-SSBs, and S-SSB includes only common ID without UE-specific ID information, so the SL receiving UE receiving the S-SSB can not distinguish which SL transmitting UE the SSB comes from. Second, the S-SSB does not contain beam information. For initial beam pairing of a sidelink, the beam information needs to be included in the S-SSB. Third, if a sidelink UE’s synchronization source is GNSS or gNB/eNB, it does not need to search S-SSB for synchronization. If S-SSB is used for sidelink initial beam pairing, a sidelink UE needs to monitor S-SSB.
Proposal 1: S-SSB cannot be used as the reference signal for beam training.

Beam maintenance
SL transmitting beam training mechanism
The transmitting beam training in the sidelink system can be based on the transmitting beam training process in NR Uu, i.e., the SL transmitting UE scans different beams to send SL CSI-RS, and the SL receiving UE makes measurements based on SL CSI-RS and reports the beam measurement results to the SL transmitting UE. The SL transmitting UE determines the corresponding SL CSI-RS resource based on the beam measurement results, and the transmitting beam corresponding to this SL CSI-RS resource is the transmitting beam selected by the SL transmitting UE. It is worth noting that the transmitting beam training in sidelink system is preferably performed in different sidelink slots, i.e., the same transmitting beam is preferably used in the same sidelink slot, and the transmitting beam is switched between different sidelink slots. This is because SL CSI-RS is sent together with PSCCH and PSSCH in one sidelink slot, and only the same transmitting beam can be used to send PSCCH and PSSCH in one sidelink slot, otherwise the performance of sidelink transmission will be affected. In addition, scanning one beam on one sidelink slot also reduces the resource consumption caused by configuring multiple AGC symbols for multiple transmitting beams within a sidelink slot.
Proposal 2: The transmitting beam training in sidelink system is preferably performed in different sidelink slots, and the transmitting beam is switched between different sidelink slots.

SL receiving beam training mechanism
If the sidelink system supports directional receiving beams, it should also support receiving beam training. When performing receiving beam training, the SL transmitting UE can send the same beam on one sidelink slot or multiple sidelink slots with different SL CSI-RS resources, while the SL receiving UE scans multiple receiving beams within the sidelink slot or between multiple sidelink slots.
Proposal 3: When performing receiving beam training, the SL transmitting UE can send the same beam on one sidelink slot or multiple sidedelink slots with different SL CSI-RS resources, while the SL receiving UE scans multiple receiving beams within the sidelink slot or between multiple sidelink slots.

SL transmitting beam indication mechanism
[bookmark: OLE_LINK1]If the SL receiving UE is supported to receive PSCCH/PSSCH using directional beams, the SL transmitting UE should indicate the beam information to be used for this transmission, thus informing the SL receiving UE to align the directional receiving beam to the incoming direction of the transmitting beam. In that case, the SL transmitting UE and SL receiving UE can also maintain multiple pairs of directional beams to improve the link robustness, so that when one beam pair fails, it can quickly switch to other beams. For this purpose, the mechanism of TCI-state based beam configuration and indication in NR Uu can be reused in sidelink systems. Specifically, based on the SL CSI-RS resources and their corresponding measurements reported by the SL receiving UE, the SL transmitting UE can select the corresponding SL CSI-RS and their corresponding transmitting beams, thus configuring the TCI-state set to the SL receiving UE, which can include the following information:
· TCI-state ID, which identifies the TCI-state;
· SL CSI-RS resource ID, which identifies the SL CSI-RS resource;
· QCL-TypeD type, where QCL-TypeD means that the SL transmitting UE utilizes the transmitting beam corresponding to this SL CSI-RS resource for transmission.
[bookmark: OLE_LINK2][bookmark: OLE_LINK7]After the TCI-state set is configured, the SL transmitting UE can indicate the TCI-state, and the SL receiving UE can determine the transmitting beam used by the SL transmitting UE based on the SL CSI-RS resource associated with the TCI-state, i.e., the QCL-TypeD type, and then can use the corresponding receiving beam for reception. In addition, since the PSCCH and PSSCH are sent simultaneously, the SL receiving UE needs to receive all the information in the PSCCH and PSSCH before detecting the SCI, so it is difficult to carry the transmitting beam indication information in the SCI or MAC CE sent at the same time as the PSSCH, and the SL transmitting UE needs to indicate the transmitting beam information used for the subsequent sidelink transmission in advance. The SL transmitting UE needs to indicate in advance the transmitting beam information to be used for subsequent sidelink transmissions. This indication information (TCI-state) can be carried in the PSCCH (SCI format 1) or in the PSSCH (SCI format 2 / MAC CE).
Proposal 4: The mechanism of TCI-state based beam configuration and indication in NR Uu should be reused in sidelink systems, and the TCI-state based beam configuration can include:
·  TCI-state ID, which identifies the TCI-state;
· SL CSI-RS resource ID, which identifies the SL CSI-RS resource;
· QCL-TypeD type, where QCL-TypeD means that the SL transmitting UE utilizes the transmit beam corresponding to this SL CSI-RS resource for transmission.

Beam failure recovery
In sidelink systems, the SL transmitting UE sends sidelink data to the SL receiving UE using the transmitting beam, and the SL transmitting UE needs to determine whether a beam failure has occurred. If a beam failure occurs, it means that the current transmitting beam is no longer applicable, so beam recovery is required. Therefore, it is necessary to introduce a method to determine the beam failure at the SL transmitting UE side. 
In RAN1#112bis-e meeting, the following proposal was discussed, but no consensus was reached: [4]
	Proposal 3-1-g: RAN1 can consider the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD
· Note: this scheme follows the principle of sidelink RLF.
· FFS any other enhancements
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· FFS: other options are not precluded.
· FFS: whether/how to down-select among options, or to prioritize the study of Scheme 2.  



Scheme 1 is similar to sidelink radio link failure. In the existing Rel-16 sidelink system, the occurrence of radio link failure (RLF) can be determined based on consecutive DTX detection on PSFCH reception occasions, which means that the PC5 connection between the current SL transmitting UE and SL receiving UE has been broken and the link needs to be rebuilt. Drawing on this approach, beam failure can be determined from the sidelink feedback results. When a beam failure occurs, it does not mean that the unicast link is broken, but that the current transmitting beam is no longer able to meet the transmission requirements. In that case, the SL transmitting UE can transmit SL channels/signals with new candidate beam.
While Scheme 2 is similar to NR Uu link beam failure instance (BFI) procedure. In NR Uu link beam failure detection, if the UE detects that hypothetical PDCCH BLER is below the threshold, it provides  an indication of BFI to MAC layer. The MAC layer starts or restarts a timer each time a BFI is received and increases the counter by 1 for each BFI received. If the value of the BFI counter is greater than or equal to the threshold value, a beam failure is detected. Similarly, to facilitate the hypothetical PSCCH BLER detection, the SL BFD reference signal can be transmitted periodically.
In Scheme 1, since the SL transmitting UE detects a beam failure, the SL transmitting UE can decide whether to use the new candidate beam for the next transmission. In contrast, in Scheme 2, the SL receiving UE needs to notify the SL transmitting UE of the beam failure. Therefore, a beam failure recovery request mechanism needs to be introduced in Scheme 2.
Proposal 5: RAN1 can consider the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· Note: this scheme follows the principle of sidelink RLF.
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· Note: this scheme follows the principle of Uu BFR.

PSFCH beams
In RAN1#112bis-e meeting, the following agreement was made: [3]
	Agreement
Consider the following two options for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot.  
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.
· FFS: support both options or down select one option.



[bookmark: OLE_LINK9]In FR2, the beam correspondence should be assumed as baseline. With the assumption of beam correspondence, beam management procedure can be simplified. In addition, it is also applicable to a wider range of cases. If beam correspondence is not supported, then beam training can be performed by reusing the beam training procedure of the data channel. However, not all PSFCH transmitting UEs transmit data channels to PSFCH receiving UEs, so Option 2 may add an additional data channel beam training procedure, which increases the processing complexity of UEs and reduces spectral efficiency.Therefore, if beam correspondence is applicable, only Option 1 should be supported . While beam correspondence is not applicable, Option 2 is supported.  
Proposal 6: If beam correspondence is applicable, only Option 1 should be supported . While beam correspondence is not applicable, Option 2 is supported. 
[bookmark: _GoBack]
Conclusion
[bookmark: OLE_LINK40][bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK39][bookmark: OLE_LINK5]In this contribution, we have discussed the sidelink operation on FR2, including the initial beam pairing, beam maintenance, beam failure recovery and PSFCH beams. Based on the discussion in section 2, we provide the following proposals:
Proposal 1: S-SSB cannot be used as the reference signal for beam training.
Proposal 2: The transmitting beam training in sidelink system is preferably performed in different sidelink slots, and the transmitting beam is switched between different sidelink slots.
Proposal 3: When performing receiving beam training, the SL transmitting UE can send the same beam on one sidelink slot or multiple sidedelink slots with different SL CSI-RS resources, while the SL receiving UE scans multiple receiving beams within the sidelink slot or between multiple sidelink slots.
Proposal 4: The mechanism of TCI-state based beam configuration and indication in NR Uu should be reused in sidelink systems, and the TCI-state based beam configuration can include:
·  TCI-state ID, which identifies the TCI-state;
· SL CSI-RS resource ID, which identifies the SL CSI-RS resource;
· QCL-TypeD type, where QCL-TypeD means that the SL transmitting UE utilizes the transmit beam corresponding to this SL CSI-RS resource for transmission.
Proposal 5: RAN1 can consider the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· Note: this scheme follows the principle of sidelink RLF.
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· Note: this scheme follows the principle of Uu BFR.
Proposal 6: If beam correspondence is applicable, only Option 1 should be supported . While beam correspondence is not applicable, Option 2 is supported. 
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