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Introduction
[bookmark: _Ref494215420]As agreed in Rel-18 WID on sidelink evolution, the main topics focus on initial beam-pairing, beam maintenance, and beam failure recovery, etc. This contribution will discuss these aspects, respectively.
Initial beam pairing procedure
	Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, including at least the following steps and how to determine UE2:
· UE1 sends reference signals via different transmit beams
· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied
· FFS when reference signals are sent
· FFS applicable reference signal
· UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam 
· FFS:whether/how to determine a UE2 transmit beam 
· UE2 indicates to UE1 the determined UE1 transmit beam 
· FFS how to indicate the determined transmit beam, including its feasibility
· UE1 and UE2 set up sidelink unicast link using the determined beam, following existing link establishment procedure. 
Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends PSCCH/PSSCH that carries unicast link establishment message (e.g., DCR message) via different transmit beams 
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· FFS: applicable reference signals which are transmitted together with unicast link establishment message.
· if UE2 successfully decodes one (or more) of the PSCCH/PSSCH(s) and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of PSCCH/PSSCH(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each PSCCH/PSSCH and UE1 transmit beam
· FFS: how UE2 determines UE1 transmit beam(s) and/or UE2 transmit/receive beam(s)
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2
· FFS: how UE1 determines one of the indicated beam(s) 
· FFS: use of additional reference signal or additional messages or additional measurement for efficient beam pairing.
Agreement
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2, including studying whether and in which cases initial beam pairing after sidelink unicast link establishment is feasible. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS the beams used for unicast link establishment.
· UE1 and/or UE2 configure the resources for beam sweeping and/or beam reporting
· FFS details of resources configuration
· UE1 and/or UE2 use the configured resources to transmit reference signals and determine a pair of transmit beam and receive beam based on beam sweeping.
· FFS applicable reference signal(s)
· FFS whether/how to indicate the determined beams between UE1 and UE2
· FFS difference between initial beam pairing (after sidelink unicast link establishment) and beam maintenance
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
Agreement
To study the feasibility of reusing SL CSI-RS for initial beam pairing, at least the following enhancements can be considered. 
· SL CSI-RS transmission with or without sidelink data transmission in the same slot
· FFS: slot structure
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic SL CSI-RS transmission, semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication 
· Allocation of SL CSI-RS beam sweeping resources and if applicable, their associated beam reporting resources
· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment
· FFS: How to provide SL CSI-RS resource configuration
· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs
· SL CSI-RS transmission with or without repetition on transmit beams


Initial beam pairing means a coarse beam(s) determination, which is not necessarily confined before unicast link establishment. Even after link establishment, such a coarse procedure is still beneficial especially considering the overhead brought by fined beam management, e.g., via SL CSI-RS. For low mobility and latency non-sensitive scenarios, rough beam pairing could be sufficient. However, the initial beam paring during unicast link establishment is questionable. Once we have a complete beam pairing mechanism before unicast link establishment, it is unnecessary to do the same thing during unicast link establishment.
In Uu beam management, initial beam pairing is done during RACH procedure where SSB is used as the measured reference signal. However, there is no PRACH-like channel in sidelink. For legacy S-SSB, it is transmitted in an SFN-like way where no UE-specific or beam-specific information is carried. Besides, the S-SSB’s bandwidth is not broadband limiting its ability on beam measuring. Thus, legacy S-SSB is not appropriate for beam management. At least SSB-index and UE-ID should be introduced for S-SSB for beam training.
Regarding the feasibility of SL CSI-RS for initial beam pairing, compared with S-SSB its advantages are obvious like a greater number of resources and configurable bandwidth. However, the related specification efforts could be foreseeably larger than S-SSB. Therefore, we suggest to prioritize the study of S-SSB for initial beam pairing and set SL CSI-RS as a second priority.


Figure.1 Illustration of S-SSB for beam management
Proposal-1: Initial beam pairing procedure can be executed before or after unicast link establishment.
Proposal-2: Don’t support initial beam pairing procedure during unicast link establishment.
Proposal-3: Prioritize the study of S-SSB for initial beam pairing.
Beam maintenance
	Agreement
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)
Agreement
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


As a starting point, beam indication together with associated L1-RSRP are sufficient for sidelink beam reporting. It is not necessary to introduce L1-SINR at least in Rel-18. Specifically, beam indication could be SL SSBRI as well as SL CRI.
For the container(s) of sidelink beam reporting, we slightly prefer using PSFCH or SCI. For high mobility scenario, beam training should be done as fast as possible. MAC-CE based solution obviously cannot fulfill this requirement.
Proposal-4: Don’t use L1-SINR for beam reporting.
Proposal-5: Support to use PSFCH and/or SCI to carry sidelink beam reporting.
	Agreement
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS
· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone SL CSI-RS transmissions
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams


In R15/16, there exist two limitations for sidelink transmission:
Constraint-1: Except for S-SSB, there is no periodic/semi-persistent reference signal transmission
Constraint-2: Except for S-SSB, the transmission of standalone RS is not allowed.
However, in order to monitor the quality of directional channel at any time like Uu’s, it is necessary to introduce periodic or semi-persistent SL CSI-RS in sidelink FR2. Meanwhile, this introduction naturally means breaking both of the two constraints, since standalone SL CSI-RS is probably unavoidable for beam management.


Figure.2 Illustration of slot structure for SL-CSI-RS
Proposal-6: Periodic/Semi-persistent CSI-RS should be supported for sidelink beam maintenance.
Proposal-7: Standalone CSI-RS for beam maintenance should be supported for sidelink FR2.
Under the beam management architecture of Rel-15, each type or resource of uplink and downlink transmission such as CORESET/PUSCH/PUCCH/CSI-RS/SRS can be configured with its corresponding beam direction. It can be said that flexibility reached its peak in the R15. However, it is discovered that this flexibility is actually redundant, and beams of different types or different resources can actually use the same beam in most cases. Therefore, a large proportion of spec-effort on the beam management enhancements of R16 and R17 are to simplify the complexity of beam management architecture. We believe that the Rel-17 unified TCI framework should be a baseline for sidelink beam management, which can configure the beam directions for sidelink's bidirectional transmission at once, while also configuring the same beam for many different types of channels. Meanwhile, at least QCL type-D could all be considered for sidelink FR2.
Proposal-8: Rel-17 unified TCI framework should be a baseline for sidelink beam management.
Proposal-9: At least QCL type D should be considered for sidelink FR2.

	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.


Beam correspondence is signaled as a UE’s capability in Uu link. Similar assumption can also be used for sidelink FR2. Option-1 is suitable for UE supporting beam correspondence, and UE without this capability can use option-2.  Thus, we recommend to support both solutions. 
Proposal-10: Both beam-correspondence and non-beam-correspondence cases should be considered for sidelink FR2.

Beam failure recovery
	Agreement
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).




Figure.3 Illustration of SL BFR procedure
In Uu BFR procedure, periodic BFD-RS (q0) and candidate-RS (q1) are supported for beam quality monitoring and new beam identification, respectively. Similar to Uu’s case, we can also introduce the concept of q0 and q1 for sidelink beam failure recovery. Beam failure instance can inherit the definition of Uu’s, i.g., based on the monitoring result of q0. However, besides q0 there are more options for determining the beam quality. For instance, HACK-ACK information, CSI report and CBR values can also be considered, which also directly or indirectly reflect beam quality.
Proposal-11: The definition of beam failure instance can be determined via a down-selection among the following parameters:
· CSI-RS measurement
· HACK-ACK
· CSI report
· CBR value
In Uu link, UE always follows the instruction of gNB’s signaling and transits BF information to gNB if BF event occurs. Unlike Uu’s case, the subject importance of Tx-UE and Rx-UE is more equivalent. Thus, beam failure monitoring/declaration can be done at Tx-UE or Rx-UE. The relevant details could be further investigated.
Proposal-12: The declaration of beam failure event could be Tx-UE or Rx-UE, and further investigations are expected.

Miscellaneous
Directional transmission is regarded as a fundamental feature in SL FR2. Its impact is not only for the aspects listed above. Resource (re-)selection considering directional feature is a potential enhancement. Besides, directional CBR measurement could be considered in sidelink FR2.
Proposal-13: Resource (re-)selection should be re-evaluated counting the directional feature.
Proposal-14: Directional CBR measurement could be considered in sidelink FR2.

Conclusion
In this contribution, we provide our view on SL FR2 in Rel-18. The followings are our proposals:
Proposal-1: Initial beam pairing procedure can be executed before or after unicast link establishment.
Proposal-2: Don’t support initial beam pairing procedure during unicast link establishment.
Proposal-3: Prioritize the study of S-SSB for initial beam pairing.
Proposal-4: Don’t use L1-SINR for beam reporting.
Proposal-5: Support to use PSFCH and/or SCI to carry sidelink beam reporting.
Proposal-6: Periodic/Semi-persistent CSI-RS should be supported for sidelink beam maintenance.
Proposal-7: Standalone CSI-RS for beam maintenance should be supported for sidelink FR2.
Proposal-8: Rel-17 unified TCI framework should be a baseline for sidelink beam management.
Proposal-9: At least QCL type D should be considered for sidelink FR2.
Proposal-10: Both beam-correspondence and non-beam-correspondence cases should be considered for sidelink FR2.
Proposal-11: The definition of beam failure instance can be determined via a down-selection among the following parameters:
· CSI-RS measurement
· HACK-ACK
· CSI report
· CBR value
Proposal-12: The declaration of beam failure event could be Tx-UE or Rx-UE, and further investigations are expected.
Proposal-13: Resource (re-)selection should be re-evaluated counting the directional feature.
Proposal-14: Directional CBR measurement could be considered in sidelink FR2.
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