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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#98-e, the WID on NR sidelink evolution was updated to approve extending the study on SL FR2 for the remainder of Rel-18  [1]. The objective on FR2 is:
Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· 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]
· Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
[bookmark: _GoBack][bookmark: _Ref129681832]According to the WID, Uu beam management concepts and the existing sidelink CSI framework is to be reused as much as possible and RAN1 should focus on the support of sidelink FR2 beam management including initial beam-pairing, beam maintenance, and beam failure recovery, etc. In this contribution, we provide our considerations on identifying issues using the existing design framework for SL FR2 including initial beam sweeping by using S-SSB, beam refinement by using SL CSI-RS, beam indication and BFR (beam failure recovery).
2 Initial Beam Pairing
2.1 [bookmark: _Ref130480693]Relationship between Initial Beam Pairing and Unicast Link Establishment
In RAN1#112 [2], the following agreement on the relationship between PC5 unicast link establishment and sidelink initial beam pairing was made:
	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.)


With regards to the relationship between the PC5 unicast link establishment and sidelink initial beam pairing, this issue needs to be discussed and agreed upon first before further discussing the signal to be used for initial beam sweeping, primarily because it would help in streamlining the discussions with a distinct direction to follow. Focusing on the agreement made, the possible scenarios that were discussed are listed below, with respective details about their advantages and disadvantages:
· Scenario 1: Initial beam pairing procedure starts before the unicast link establishment procedure
Currently in legacy NR SL UEs, the TX UE has to initiate a unicast connection establishment procedure before it can commence unicast communications with another UE. Similar to the Uu procedure, the TX UE can use S-SSB to perform initial beam pairing, and then once a beam pair link is established, it can easily initiate the L2 unicast link establishment procedure. 
The key aspect of performing the initial beam pairing first is so that the UE can take advantage of the paired beams to establish the unicast link. This would allow the TX UE to establish unicast links with other RX UEs that are farther away, up to 71m, thereby catering to advanced commercial use cases including communications within stadiums and large event venues, as well as high performance audio equipment in concerts. Another advantage of performing the initial beam pairing first is that the TX UE can avoid multiple TX beam sweeps for transmitting the DCR (Direct Communication Request) message in order to initiate the L2 unicast link establishment procedure with the intended RX UE. It also has to be borne in mind that if the TX UE has to perform multiple TX beam sweeps, the DCR is transmitted using the PSSCH, and hence multiple such transmissions are required in order to establish the unicast link, resulting in an inefficient utilization of resources.  
· Scenario 2: Initial beam pairing procedure starts during the unicast link establishment procedure
It is also possible for a UE to perform initial beam pairing during the unicast link establishment, i.e., by using the PSCCH/PSSCH on which a DCR message is transmitted, where the DCR message is used to search for the corresponding RX UEs to initiate a sidelink unicast connection. Initial beam pairing information can be transmitted on the same PSCCH/PSSCH used for the DCR message and the TX UE can transmit multiple DCRs using the PSCCH/PSSCH on different beams in different directions.
However, the DCR is a higher layer message and in the PHY layer, the TX UE is unaware of whether the payload of the transmission is a DCR or any other data transmission. The RX UE would attempt to decode multiple such PSCCH/PSSCHs from different beams and directions in order to perform the initial beam sweeping procedure and the link establishment procedure. On the other hand, S-SSBs with pre-configured resources are more robust and less prone to interference as compared to a PSCCH/PSSCH transmission. Another drawback is that the existing mechanism for reporting feedback on a successfully received DCR message is the use of a DCA (Direct Communication Accept) message, which is also transmitted on the PSSCH. Without mapping between the resources used to transmit the DCR and its respective DCA, it would be unclear for the TX UE as to when and with which beam to receive the report because the TX UE is expected to use the corresponding beam to receive the DCA message. The RX UE would have to transmit the DCA multiple times before the TX UE can receive and determine the ideal beam pair. It has to be noted that using a DCA message for beam reporting would cause additional overhead and increased latency for SL initial beam pairing compared with Uu where PRACH is used.
· Scenario 3: Initial beam pairing procedure starts after the unicast link establishment procedure
In the case where the TX UE performs the L2 unicast link establishment procedure prior to initial beam sweeping, it can do so using either omni-directional beams or multiple directional beams. 
The use of omni-directional beams in FR2 is challenging primarily because of its limited communication range. It is possible that the DCR message is limited in its reach due to the restricted communication range of the omni-directional beams, thereby curbing the ability of the TX UE to establish links with RX UEs that are farther away, as discussed in Scenario 1.
If the TX UE were to use directional beams, it would have to transmit the DCR on multiple beams in different directions using the PSSCH, as mentioned in Scenario 2, resulting in inefficient resource utilization, significant overhead and higher latency.
Based on these arguments, it is clear that initial beam pairing should be performed before or during unicast link establishment.
[bookmark: _Ref130927440]Observation 1: If the TX UE performs the initial beam pairing procedure before establishing a unicast link, 
· By using the directional beam pair link, the TX UE is able to establish unicast links with RX UEs that are farther away, as compared to when omni-directional beams are used.
· The TX UE can avoid multiple TX beam sweeps for transmitting the DCR for unicast link establishment.
[bookmark: _Ref130927444]Observation 2: If the TX UE establishes a unicast link during the initial beam pairing using DCR messages, 
· RX UE would have to attempt to decode multiple PSCCH/PSSCHs with DCR messages from different beams and directions in order to perform the initial beam sweeping procedure and the link establishment procedure. 
· It would be unclear for the TX UE as to when and with which beam to receive the report without mapping between the resources used to transmit the DCR and its respective DCA.
· The RX UE would have to respond using a DCA message, which would cause additional overhead and increased latency.
[bookmark: _Ref130927446]Observation 3: If the TX UE establishes a unicast link prior to initial beam pairing, 
· The communication range for the transmission of the DCR (Direct Communication Request) is restricted due to the use of omni-directional beams.
· If directional beams are used, the same disadvantages of establishing a unicast link during initial beam pairing come into play – inefficient resource utilization, overhead and higher latency.
[bookmark: _Ref130927486]Proposal 1: For sidelink beam management, initial beam pairing is performed before PC5 unicast link establishment.
· FFS: whether/how initial beam pairing is performed during unicast link establishment.

2.2 Initial Beam Sweeping
In RAN1#112 [2], the following proposal on sidelink initial beam pairing was discussed:
	Proposal 1-2-d: RAN1 is to study whether and how the following could be enhanced for sidelink initial beam pairing:
· S-SSB
· Sidelink CSI RS 
· PSCCH/PSSCH DMRS 
· PSCCH/PSSCH and corresponding PSFCH 


2.2.1 Using S-SSB
According to the instruction from the WID, we consider the S-SSB to be used for initial beam sweeping since it was used in Uu FR2 and is already defined in NR SL. In this section, we have identified a set of issues that need to be addressed in order to use S-SSB for initial beam sweeping in SL FR2, along with possible enhancements to handle these issues.
In NR SL, S-SSB is used only for synchronization and is composed of S-PSS, S-SSS and PSBCH, where the SL-SSID is carried through S-PSS and S-SSS. SL-SSID is used for identifying the synchronization source type, i.e., whether the synchronization source is within or outside coverage and whether the UE has direct or indirect connection to the synchronization source. Therefore, the SL-SSID is not unique to each UE, and cannot be used to distinguish different UEs. For PSBCH, fields included in the MIB content are common to UEs that are located in close proximity to each other, i.e. not UE-specific. Note that the DMRS for PSBCH is also determined by SL-SSID and thus it is not UE-specific. 
Without UE-specific information during the beam sweeping procedure, a UE is not be able to distinguish between multiple beams from a single TX UE and multiple TX UEs. For example, UE-1 may not be able to differentiate scenarios between Figure 1a) and Figure 1b), because it only knows there are transmissions in its RX beams but does not know where they are from. As a result, UE-1 is not able to identify which RX/TX beam is to be used for receptions/transmissions with respect to different UEs. Therefore, it is necessary to include UE-specific information in each TX beam, so that a RX UE is able to identify beams from one or more TX UEs, and determine which TX/RX beams are to be used for communication to respective UEs based on beam training results.
	[image: ]
	[image: ]

	a) a pair of UEs for beam training
	b) multiple pairs of UEs for beam training


[bookmark: _Ref126487553]Figure 1: NR SL FR2 initial beam sweeping
In addition, there are certain conditions where the SL UE does not transmit the S-SSB itself, which cannot be an option if S-SSB is to be used for initial beam sweeping. In legacy NR SL, if a SL UE is synchronized to a SyncRefUE or a cell with high RSRP measurement result, it does not need to transmit S-SSB.
In Rel-16,  S-SSBs are transmitted in a period of 160 ms at occasions outside of the resource pool(s). Indexes of slots for S-SSB transmissions are determined by a slot offset   from the start of the period to the first slot including S-SSB, a slot interval  is defined between S-SSB transmissions and S-SSB index  indicates the number of S-SSBs within the period, satisfying +. The transmission slots used for S-SSB transmissions in NR SL may not be suitable for beam sweeping, considering the number of beams, beam sweeping period and beam sweeping patterns, as well as for beam measurement reporting. For example, the number of beams should be considered for determining the number of S-SSB transmissions such that all directions of beams are covered.
[bookmark: _Ref130927449]Observation 4: The following issues have been identified and needs to be addressed in order to use S-SSB for initial beam pairing:
· SL-SSID is not UE-specific, as it only carries information for identifying the synchronization source type, synchronization source coverage status and type of connection to the synchronization source.
· When a SL UE is synchronized to a SyncRefUE with high RSRP measurement results or a cell with high RSRP measurement results, the UE does not always need to transmit S-SSB.
· Transmission slots used for S-SSB are designed for synchronization, which may not be suitable for beam sweeping.

Based on the aforementioned issues that were identified, for using S-SSB to be used for initial beam sweeping and synchronization, the following enhancements are to be considered.
For UE-specific information, SL-SSID can be enhanced to differentiate different UEs. In order to indicate synchronization source type and synchronization priority, S-PSS and S-SSS resources can be divided into two parts: UE-specific information indication and synchronization information indication. The indication of UE-specific information and synchronization information should be decoupled. Then, synchronization information can be determined by reusing the existing procedure and UE-specific information can be used for differentiating TX UEs during the beam sweeping procedure.
In order to overcome the issue where the UE does not transmit S-SSB at all times, for it to be reused in SL FR2, if the UE is performing initial beam sweeping, it should be mandated to transmit S-SSB without considering synchronization conditions.
In order to determine transmission resources to be used for S-SSB transmissions including the initial beam sweeping functionality, SL FR2 beam-related information including number of beams, beam sweeping period and beam sweeping patterns should be considered to determine S-SSB transmission resource parameters. Resources to be used for beam measurement reporting should also be considered for S-SSB transmission resource design. Solutions related to beam measurement reporting are explored in Section 2.4.
[bookmark: _Ref130927490]Proposal 2: For SL FR2 initial beam sweeping, the following enhancements are considered for S-SSB:
· Indication of UE-specific information is supported for initial beam sweeping, FFS details. 
· Study the use of S-PSS and S-SSS resources to indicate UE-specific information and synchronization information, respectively.
· S-SSB is transmitted when a UE is performing initial beam sweeping without considering synchronization conditions.
· S-SSB transmission slots are determined according to number of beams, beam sweeping period, beam sweeping patterns and beam measurement reporting resources.

2.2.2 Using SL CSI RS
In this option, the NR S-SSB framework, including sync procedures, can remain the same for both FR1 and FR2, and used for synchronization only, while SL CSI RS is used for initial beam sweeping. 
As discussed in section 2.1, when initial beam pairing is performed during unicast link establishment, initial beam pairing is achieved through multiple PSCCH/PSSCH transmissions. Therefore, SL CSI-RS can be a possible solution for initial beam sweeping, i.e., by transmitting DCR messages together with SL CSI-RS in the same PSSCH transmission. However, in contrast to S-SSB, which uses (pre-)configured resources, the transmission resources to be used for SL CSI-RS are dynamically selected in Rel-16/17, and for initial beam sweeping, they are not clear to the RX UE. RX UEs may not know where to receive the signal and when the SL CSI-RS beam sweeping procedure is finished. In addition, legacy SL CSI-RS and SL CSI reporting schemes are configured by PC5-RRC for sidelink, which is only available after unicast establishment. Hence an enhancement is required for the SL CSI-RS framework to be used for initial beam sweeping. 
[bookmark: _Ref126672205][bookmark: _Ref130927493]Proposal 3: For SL FR2 initial beam sweeping, study whether/how to enhance SL CSI-RS.
· Study whether/how SL CSI-RS can be used for initial beam sweeping before/during unicast link establishment.
· Study how to determine SL CSI-RS transmission time/frequency resources.

2.2.3 Using PSCCH/PSSCH DMRS and PSFCH
For DMRS, it has to be transmitted together with data in Uu and thus it is not a stable and reliable reference signal for beam pairing as compared to SL CSI-RS. It is currently not possible for DMRS to be transmitted without any data accompanying it, and it would be inefficient to design a standalone DMRS transmission.
In the previous meeting, a few companies had proposed to use SL HARQ feedback and transmissions on the PSFCH resources for a RX UE to determine the best beam for a unicast connection. In this case, the TX UE is expected to perform several transmissions across different beams, and the RX UE uses the received signal quality to determine the best beam, and accordingly would send an ACK/NACK back to the TX UE. However, one of the pre-requisites of this solution is that the TX and RX UE must have a unicast link established between them. While this might be a viable solution for beam management, a significant number of drawbacks have already been discussed in Section 2.1 if the unicast link is established prior to initial beam pairing. Hence it might not be a feasible solution for initial beam pairing. Another aspect that has to be noted is that it is unclear which beam the RX UE would use for transmission back to the TX UE. 
Furthermore, both these solutions are not used or specified in Uu FR2, and the WID clearly states that existing Uu concepts have to be reused as much as possible. Hence these solutions can be studied with lower priority, if necessary, after studying the use and possible enhancements of S-SSB and SL CSI RS. 
[bookmark: _Ref130927452]Observation 5: For SL FR2 initial beam sweeping,
· DMRS has to be transmitted together with data and is not a reliable reference signal for beam pairing.
· PSCCH/PSSCH and corresponding PSFCH are infeasible for initial beam sweeping since unicast link establishment should be considered first before data transmission.

2.3 TX and/or RX Beam Training
In FR2, directional beams are introduced to compensate high path loss resulting from high frequency transmissions. According to TR 37.885, the antenna gains of antenna element patterns for pedestrian UE and cellular UE are defined. Following the agreements on evaluation methodology in RAN1#110bis-e, the channel model for UMi - Street Canyon specified in TR 38.901 is used to evaluate the communication range with 10dB SNR, with detailed assumptions provided in Appendix Table 3. As shown in Table 1, for example, when both TX UE and RX UE use directional beams, the communication range is 71m with a 10dB SNR. Without directional beams in both TX and RX UEs, there will be a 10dB loss, resulting in significant communication range restrictions, especially for the previously mentioned commercial use cases including communications within stadiums and large event venues. Another disadvantage of using omni-directional beams is that it would miss out on the performance gain from spatially reusing resources across directional beams, when they are sufficiently isolated. Therefore, omni-directional beams lead to significant performance loss compared to directional beams that are used in FR2, even when used for only the RX beam training.
[bookmark: _Ref127451240]Table 1: Communication range with pedestrian UE and cellular UE antenna configurations
	Antenna gain
	5dBi
(Pedestrian UE and cellular UE)

	Scenario
	Both sides are omni-directional
(TX:0dBi; RX:0dBi)
	Only one side is directional 
(TX:5dBi; RX:0dBi)
	Both sides are directional
(TX: 5dBi; RX: 5dBi)

	Communication range 
	12m
	33m
	71m


[bookmark: _Ref130927455][bookmark: _Ref127543436]Observation 6: The communication range is less than halved when beam training is performed only by the TX UE and not by the RX UE, resulting in significant communication range restrictions and performance losses.
[bookmark: _Ref130927495]Proposal 4: Study both TX and RX beam training in R18 SL.

2.4 Beam Measurement Report
The other essential step during initial beam pairing in SL FR2 is the beam measurement report for a RX UE to indicate the ideal S-SSB/beam. However, unlike in Uu where PRACH is used, there are no beam measurement report resources defined in SL. A similar design principle can be applied to SL, where the resources for beam measurement reports are determined implicitly by defining a certain mapping rule with beam sweeping opportunities to enable the TX UE to receive corresponding measurement reports. Considering S-SSB as the signal used for initial beam sweeping, as shown in Figure 2, for each S-SSB occasion, a (pre-)configured associated report resource is required. For the RX UE, if S-SSB2 is the optimal beam based on its RSRP measurement results, it should transmit the beam measurement report on the corresponding report occasion 2 (RO2), after all the S-SSBs are transmitted by the TX UE. For the TX UE, it is expected to use corresponding RX beams for each S-SSB occasion. After receiving the measurement report, the TX UE should be able to identify desired beam(s) for transmission. Therefore, a beam measurement report should indicate at least the optimal beam or RSRP measurement results.
[image: ]
[bookmark: _Ref126671832]Figure 2: S-SSB and associated measurement report occasion (RO)
For a RX UE, the beam measurement report should indicate UE-related information, otherwise TX UEs may receive misleading reports from nearby UEs. As shown in Figure 3, RX UE-3 indicates S-SSB1 to TX UE-1 through RO1, and RX UE-4 indicates S-SSB5 to TX UE-2 through RO5. However, TX UE-2 may receive RX UE-3’s report RO1 through the reporting occasion corresponding to S-SSB4, though RX UE-3 does not have measurement results of S-SSBs from TX UE-2. If there is no UE-related information included in the beam measurement report, TX UE-2 may assume there is another RX UE, i.e., RX UE-3. Therefore, for beam measurement reporting, UE-related information is needed for TX UEs to identify the transmitter of the report. Then, a PSFCH-like channel can be used for reporting, i.e., a PSFCH-like occasion is (pre-)configured for each S-SSB transmission, after all the S-SSBs are transmitted by the TX UE, which indicates the transmitter of the report by including UE-related information.
[image: ] 
[bookmark: _Ref130550704]Figure 3: Beam measurement report conflict
When CSI-RS is used for initial beam sweeping together with the DCR message, CSI reports can be used for beam measurement reporting through the MAC CE, which is already supported in Rel-16. However, different from the aforementioned S-SSB and PSFCH-like reporting, where reporting resources are implicitly mapped to their respective S-SSB transmissions, there is no mapping between the resources used to transmit the CSI RS and its respective CSI report. Hence if the legacy CSI reports are reused, it would be unclear for the TX UE as to when and with which beam to receive the report. For example, as shown in Figure 4, RX UE may feedback CSI report at any slot within the latency bound before slot k subject to its own resource selection after the TX UE performs beam sweeping. But the TX UE may not be able to determine on which RX beam and on which resources to receive the report since the corresponding RX beams are required for each TX beam and TX UE may need to transmit in some slots leading to half-duplex issues. Also, CSI report is conveyed using a MAC CE, which leads to increased latency.
 [image: ] 
[bookmark: _Ref131080101]Figure 4: Unclear receiving resources for TX UE to receive CSI report
[bookmark: _Ref126672207]Proposal 5: For SL FR2 beam measurement reporting for initial beam sweeping,
· Study how to enable beam measurement reporting when S-SSB is used for initial beam sweeping.
· Support a mapping rule between beam sweeping opportunities and corresponding beam measurement reports.
· Study the use of a PSFCH-like channel for beam measurement reports, indicating the transmitter of the report.
· Study how to enable beam measurement reporting when SL CSI-RS is used for initial beam sweeping.
· Study how to indicate the optimal beam through beam measurement report

2.5 Handling of Multiple Beam Directions and Half Duplex Issue
Unlike in Uu beam pairing, where all UEs perform beam alignment with the gNB, SL is a distributed system and there is no centralized scheduler for UEs. Therefore, it is difficult for a UE to decide whether and on which beam direction to transmit or receive beam pairing signals without any prior information. In this case, it is possible that UEs may decide to transmit or receive beam pairing signals at the same time. As shown in Figure 5, if both UE-1 and UE-2 decide to transmit or receive S-SSB/SL CSI-RS together, they may not be able to hear each other, causing the half-duplex issue. Furthermore, with the existence of multiple beams, though UE-1 and UE-2 may not transmit or receive at the same time, they can know of each other’s existence only when UE-1 is transmitting and UE-2 is receiving with paired beams simultaneously. i.e., beam 2 of UE-1 and beam 0 of UE-2, and vice versa. Therefore, half duplex issue exists in beam-based SL FR2 transmission due to multiple beam directions and lack of centralized scheduling.
[image: ]
[bookmark: _Ref127290426]Figure 5: SL FR2 TX/RX transmission conflict during beam alignment
[bookmark: _Ref127295374]Observation 7: In SL FR2, half duplex issues exist during initial beam alignment and beam maintenance due to multiple beam directions and a lack of centralized scheduling.

To address the half duplex issues, a (pre-)configured transmission pattern for initial beam sweeping can be utilized, where different transmission patterns with orthogonal opportunities are selected by different TX UEs. Furthermore, an anchor UE can also be introduced to address the problem through coordination among UEs.
[bookmark: _Ref127295416]Proposal 6: Study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.

Similarly, the half-duplex issue also exists during data transmission. In contrast to Rel-16, multiple beam directions make the half-duplex issue more serious and it needs to be addressed. As shown in Figure 6, it is possible that UE-1 has multiple unicast links with UE-2 and UE-3. In Rel-16 SL, UE-1 can monitor UE-2 and UE-3 simultaneously without considering beam directions. In SL FR2, UE-1 has to use different beams to transmit or receive data from corresponding UEs. An RX UE can listen to SCIs only from the beam pairs that it maintains, and only from one beam pair per time slot, and hence will not be able to receive multiple PSCCH/PSSCHs coming from different beam directions. Therefore, UE-1 may not be able to know when and which beam, i.e., beam 1 or beam 2, to use for data reception when UE-2 and UE-3 may transmit data to UE-1 within a time slot. This will lead to RX beam switch conflicts at UE-1.
[image: ]
[bookmark: _Ref127293217]Figure 6 Multiple unicast link in SL FR2
[bookmark: _Ref127295377]Observation 8: In SL FR2, beam-based transmissions will lead to beam switch conflicts with multiple unicast pairs when different TX/RX beams are TDMed.
For multiple unicast pairs, desired transmission opportunities can be indicated during transmission and then TX and RX UEs can have consensus on when and which beam to use. Moreover, IUC can also be a possible solution for addressing the multiple unicast pair conflict.
[bookmark: _Ref127295419]Proposal 7: Study how to address the beam switching issue under the scenario of multiple unicast pairs.
[bookmark: _Hlk126496874]
3 Beam Maintenance
3.1 SL CSI-RS Enhancement
3.1.1 SL CSI-RS Beam Sweeping
In RAN1#112, the following proposal on sidelink beam sweeping reference signals for sidelink beam maintenance (BM) was discussed:
	Proposal 2-2-d: RAN1 is to prioritize to study whether and how sidelink CSI RS can be used/enhanced for beam maintenance procedure, as well as the details of sidelink CSI RS (e.g., periodicity, transmission resources, repetition, etc). 
· This doesn’t preclude the study of using PSCCH/PSSCH DMRS or S-SSB for beam maintenance, [if sidelink CSI RS is not feasible].


After initial beam pairing, SL CSI-RS can be used for beam refinement, which is in-line with the Uu design. In NR SL, SL CSI-RS only supports aperiodic transmissions and is always transmitted together with SL data. The downside of supporting only aperiodic SL CSI-RS transmissions is that the RX UE would not be aware of when to expect the beam management related SL CSI RS transmissions. On the other hand, through periodic CSI-RS transmissions, i.e., beam sweeping, the RX UE can expect receiving occasions for subsequent transmissions based on the periodicity instead of blind decoding for all opportunities. Therefore, it is beneficial for SL CSI-RS to be transmitted in a periodic manner.
In order to resolve the issue that the SL CSI RS is always transmitted with data, in order to enable stable and effective periodic transmissions, standalone SL CSI RS transmissions need to be supported. This can be enabled by using MAC CE only transmissions for SL CSI-RS.
Based on the initial beam pairing procedure, SL CSI-RS parameters for beam refinement can be configured through PC5-RRC, which may include the number of antenna ports, SL CSI-RS density, number of SL CSI-RS resource ports, etc. For periodic SL CSI-RS, the indication of periodic transmission resources from the legacy design can be reused, i.e., transmission period can be indicated by the resource reservation information carried in the 1st stage SCI. 
[bookmark: _Ref126674403][bookmark: _Ref126598703]Observation 9: Existing SL CSI-RS is not suitable for SL beam refinement because:
· SL CSI-RS is transmitted in an aperiodic manner.
· SL CSI-RS has to be transmitted together with SL data.
[bookmark: _Ref130927504]Proposal 8: For SL FR2 beam refinement, study the use of SL CSI-RS for beam sweeping, including the following aspects:
· Support for periodic SL CSI-RS transmissions.
· Design for standalone SL CSI RS transmissions using MAC CE only transmissions. 

3.1.2 SL CSI-RS Beam Measurement Reporting
In RAN1#112, the following agreement on sidelink beam measurement and reporting schemes for sidelink beam maintenance was made:
	Agreement
RAN1 is to study sidelink beam measurement and reporting schemes (e.g., periodicity, contents, container, timing, procedure, etc.) for sidelink beam maintenance.


After measuring the RSRP of SL CSI-RS, the UE has to generate a beam measurement report. However, the SL CSI report is only conveyed in the SL MAC CE, in contrast to Uu where it is in a UCI, and this will lead to increased latency for SL BM. Therefore, PHY layer signaling can be considered for beam measurement reporting in order to reduce latency. PSFCH can be a possible solution following the initial beam pairing design, i.e., the optimal beam is indicated through PSFCH resources using a 1-bit indication. Then the TX UE can identify the optimal beam for transmission. It has to be noted that the legacy PSSCH-PSFCH mapping cannot be reused due to the fact that the corresponding PSFCH resources are mapped after each PSSCH transmission, and not after all the SL CSI RS transmissions by the TX UE across different beams, for performing beam sweeping. Hence a new mapping between the PSSCH resource used to transmit the SL CSI RS and its corresponding PSFCH to indicate the optimal beam has to be designed.
[bookmark: _Ref130927465]Observation 10: The existing SL CSI reporting framework is not suitable for SL beam measurement reports because the SL CSI report is conveyed only in MAC CE, which leads to increased latency.
[bookmark: _Ref126598749][bookmark: _Ref127295422][bookmark: _Ref126674343][bookmark: _Ref130927507]Proposal 9: Study how to enable beam measurement reporting for SL FR2 beam refinement using SL CSI reports.
· Consider the use of PHY layer signaling like PSFCH to carry optimal beam indication.
 
3.1.3 Aperiodic SL CSI-RS
Regarding the use of aperiodic SL CSI-RS for SL FR2 BM, it is already supported in Rel-16 and also in Uu. For BM, it can be triggered by a CSI request and the CSI report can be indicated in the SL MAC CE before a configured latency bound. Therefore, aperiodic SL CSI RS for beam refinement can be supported without specification changes related to the procedure for triggering and transmission of aperiodic SL CSI-RS. 
The CSI reporting can be enhanced by considering the use of PSFCH to carry the beam measurement reports, as discussed in the previous section.
[bookmark: _Ref130927467]Observation 11: Existing SL CSI framework already supports aperiodic SL CSI-RS for beam refinement without specification changes on the procedure for triggering and transmission of SL CSI-RS.

3.2 Beam Indication and Beam Switching
In RAN1#112, the following agreement on sidelink beam indication and switching schemes for sidelink beam maintenance was made:
	Agreement
RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.


In NR Uu, two antenna ports are QCLed (quasi co-located) if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. For FR2 BM, QCL Type-D is defined as the spatial RX parameter to indicate beams. Beam indication of PDSCH and PDCCH is achieved by indicating a TCI (Transmission Configuration Indicator) state, which contains RS IDs and the associated QCL type. UEs can be indicated to switch their RX beam according to the beam indication from the gNB. For PDSCH, multiple TCI states can be configured by RRC, from which at most 8 TCI states can be selected by the MAC CE and the TCI state of PDSCH is finally decided via DCI. For PDCCH, a set of TCI states can be configured by RRC per CORESET, and MAC CE can be used to select one TCI state for PDCCH.
However, there is no TCI framework defined in SL for beam indication. To achieve beam indication in SL FR2, e.g., beam switching by TX UE indication, a beam indication mechanism is needed. In this case, the Uu TCI framework can be considered as a baseline by simply indicating the S-SSB index and SL CSI-RS resource ID for the beam indication. Considering the Uu TCI design, a simplified QCL/TCI framework can be introduced, where SL TCI states can be configured by PC5-RRC or MAC CE and then indicated by SCI.
[bookmark: _Ref130927469][bookmark: _Ref127295424]Observation 12: Compared to the Uu TCI framework, there is no beam indication method defined for SL FR2.
[bookmark: _Ref130927509]Proposal 10: Study how to support beam indication in SL FR2 using the Uu TCI and QCL framework.
· QCL Type-D of Uu is used as baseline, which indicates the spatial RX parameter.
· SL TCI states is configured by higher layers and then indicated by the SCI.

In Uu, beam correspondence is the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping, i.e., the TX beam can be selected based on RX beam determination. For SL FR2, if beam correspondence is supported, beam management procedures can be simplified, otherwise additional beam pairing is required. When a unicast link is established between a TX and RX UE, they can exchange UE capability information, including whether beam correspondence is supported or not. If beam correspondence is not supported by either one of the UEs, beam training should be performed by reusing the previously discussed beam training procedure. The case where beam correspondence is supported can be assumed as baseline. 
[bookmark: _Ref130927513]Proposal 11: Support for beam correspondence can be assumed as baseline.
· Whether/how beam management is performed when beam correspondence is not applicable can be further studied.

In Uu, symbol-level beam switching is supported as shown in Table 2, where maxNumberRxTxBeamSwitchDL denotes the number of Tx and Rx beam changes UE can perform within a slot.
[bookmark: _Ref127268670]Table 2: Summary of beam switch timing of Uu
	SCS (kHz)
	maxNumberRxTxBeamSwitchDL
(switching times in one slot)

	60
	4, 7, 14

	120
	4, 7, 14

	240
	4, 7, 14

	480
	2, 4, 7

	960
	1, 2, 4, 7


[bookmark: _Ref127295390]Observation 13: In Uu, symbol-level beam switching is supported for UE to perform Tx and Rx beam change.

There is no definition or concept of beam switching in SL. For SL FR2, symbol-level beam switching is required since different beams may be used for a PSCCH/PSSCH transmission and a PSFCH transmission to different UEs within a slot. For SL CSI-RS based beam sweeping, multiple beams may be required within a slot according to the CSI-RS pattern. Therefore, symbol-level and slot-level beam switching are supported, and the number of switching times used in Uu can be used as baseline for each of the SCSs.
[bookmark: _Ref127295426]Proposal 12: In SL FR2, the beam switching times within a slot from Uu is taken as baseline.

In Uu, the minimum number of OFDM symbols required by the UE to perform PDCCH reception and apply spatial QCL information received in the DCI for PDSCH processing is defined. Beam indication of the DCI is applicable when the time-offset is satisfied, otherwise, the TCI of PDSCH is determined by the TCI of the CORESET associated with a monitored search space with the lowest CORESET ID among CORESETs in the latest slot.
[bookmark: _Ref127295392]For SL FR2, there is no beam switch timing requirement defined for beam indication. Following Uu, a similar design can be considered, where the SCI schedules PSCCH/PSSCH transmissions if a time-offset is satisfied. The time-offset should be defined by considering the minimum number of symbols or slots required by the UE to perform PSCCH reception and applying spatial QCL information.
[bookmark: _Ref127295395]Observation 14: Compared to Uu, where beam switch timing is defined and configured for beam indication, there is no beam switch timing defined for SL FR2.
[bookmark: _Ref131709332][bookmark: _Ref127295429]Proposal 13: Study how to support beam switching in SL FR2, including switching timing and beam indication, with the following enhancements:
· SCI schedules PSCCH/PSSCH transmission if a time-offset is to be satisfied.
· The time-offset is defined based on the minimum number of symbols or slots required by the UE to perform PSCCH reception and spatial QCL information.

As discussed previously, beam switching for PSFCH transmission is required and the corresponding beam indication timing requirement should be considered. In Rel-16, the parameter sl-MinTimeGapPSFCH is defined for PSFCH preparation, which is enumerated from the value set {2, 3} in terms of number of slots for any SCS configuration. However, in SL FR2, where higher SCS are supported, there would not be enough PSFCH preparation time, since the time required by the UE, in terms of number of slots, for decoding the control information (both 1st stage SCI and 2nd stage SCI) in SL is increased as the SCS increases. Hence, defining the time gap in terms of number of slots would adversely affect the time the UE has in order to process the PSCCH/PSSCH before transmitting the PSFCH, and should ideally be a function of the SCS.
[bookmark: _Ref127543476][bookmark: _Ref131709144]Observation 15: In SL FR2, the PSFCH preparation time, defined by sl-MinTimeGapPSFCH, is not enough with higher SCS, since the required slots for decoding SCIs in SL increases with the increasing of SCS.

4 Beam Failure Recovery
4.1 Beam Failure Detection
In RAN1#112, the following agreement on sidelink beam failure instance for sidelink beam failure recovery was made:
	Agreement
RAN1 is to study the information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.


In NR Uu, beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity. If the configured BFD (Beam Failure Detection) reference signals of each beam fail, i.e., when the hypothetical BLER, corresponding to the RSRP of signals, is above a (pre-)configured threshold, PHY indicates a flag to higher layers if a beam failure instance is detected. Then, if the number of beam failure instances reported by the PHY layer is above a (pre-)configured threshold, BFR (Beam Failure Recovery) is triggered for this BFD reference signal set. 
For SL FR2, the Uu BFD procedure can be reused as baseline. The BFD reference signals e.g., S-SSB and SL CSI-RS, can be configured through PC5-RRC or MAC CE, and the beam failure instance is detected by the PHY layer when the measured RSRP of these BFD reference signals is below a (pre-)configured threshold. When this occurs, the beam failure instance is reported to the higher layers. However, in Uu, the transmission of periodic reference signals by the gNB is stable and reliable. But in SL, periodic SL transmissions may be interrupted (e.g., pre-emption) due to resource sensing and selection procedures in mode 2. As a result, when the UE does not detect CSI-RS at the expected occasion, it does not know whether it is due to actual link failure or not. For example, CSI-RS may not transmit at expected occasion in case of half-duplex, prioritization of other transmission, resource is pre-empted by transmissions form other UE. Therefore, the conditions for indicating beam failure instances should be enhanced.
[bookmark: _Ref131709334][bookmark: _Ref130927528]Proposal 14: Study SL FR2 beam failure detection, taking NR Uu BFD procedure as baseline, with the following enhancements:
· S-SSB and SL CSI-RS are used as BFD reference signals
· Conditions for indicating beam failure instances considering sensing-based resource selection.

4.2 BFR Request and BFR Response
In NR Uu, after beam failure is detected, the UE is expected to measure candidate beams for BFR through L1-RSRP measurements and report this to the higher layers. Subsequently, BFR requests are carried through non-contention based PRACH resources. After the gNB receives a BFR request, a BFR response is transmitted through PDCCH and the UE monitors the corresponding PDCCH DMRS which is spatially QCLed with the reference signals of the candidate beam(s).
For SL FR2, the NR Uu BFR procedure can be regarded as baseline. For new candidate beam identification, SL CSI-RS and S-SSB can be considered. If the measured RSRP is above a (pre-)configured threshold, the measured beam can be used for BFR and reported to the higher layers. Then, the BFR request can be indicated through a (pre-)configured PSFCH-like channel to report the new beam. After receiving the BFR request, the TX UE can transmit BFR response through SCI over Mode 2 sensing-based resources. However, there can be more beam failures in sidelink due to the mobility of both TX and RX UEs and UEs may not be able to receive the BFR request. Therefore, how to enhance the BFR request and BFR response procedures should be further studied, e.g., by simplifying BFR procedures to enable effective BFR in SL FR2.
[bookmark: _Ref126598752]Proposal 15: Study SL FR2 BFR request and BFR response, taking NR Uu procedures as baseline, with the following enhancements:
· S-SSB and SL CSI-RS are used for new candidate beam identification.
· The new candidate beam is identified and reported to higher layers when the measured RSRP is above a (pre-)configured threshold.
· Enhance BFR procedures including BFR request and BFR response procedures to enable effective BFR.

5 Resource Allocation
[bookmark: _Hlk130765932]Mode 1 and mode 2 resource allocation schemes are essential features to avoid collisions, maintain QoS and in general, cater to the advanced use cases in NR SL. In SL FR2, existing procedures may not work with the introduction of beams. For example, sensing-based resource selection can be different from Rel-16 since both TX and RX UEs use directional beams, which may lead to directional sensing results and resource sets. Therefore, enhancements to both mode 1 and mode 2 schemes should be studied in SL FR2. However, resource allocation can be studied after the initial beam pairing and maintenance issues have made some progress, when RAN1 has a general understanding on how they can be performed for SL over FR2.
[bookmark: _Ref130927534]Proposal 16: Support to study enhancements for resource allocation mode 1 and mode 2.
· Resource allocation enhancements are studied after the initial beam pairing and beam maintenance issues have made some progress.

6 Conclusions 
In this contribution, beam management procedures including initial beam-pairing, beam maintenance, and BFD/BFR are discussed for SL FR2. Further issues on feasibility and conditions need to be studied including beam indication, beam switching, HD issue and handling of multiple unicast pairs. We have following observations and proposals:
Observation 1: If the TX UE performs the initial beam pairing procedure before establishing a unicast link,
· By using the directional beam pair link, the TX UE is able to establish unicast links with RX UEs that are farther away, as compared to when omni-directional beams are used.
· The TX UE can avoid multiple TX beam sweeps for transmitting the DCR for unicast link establishment.
Observation 2: If the TX UE establishes a unicast link during the initial beam pairing using DCR messages,
· RX UE would attempt to decode multiple PSCCH/PSSCHs with DCR messages from different beams and directions in order to perform the initial beam sweeping procedure and the link establishment procedure, which is susceptibility to interference. 
· It would be unclear for the TX UE as to when and with which beam to receive the report without mapping between the resources used to transmit the DCR and its respective DCA.
· The RX UE would have to respond using a DCA message, which would cause additional overhead and increased latency.
Observation 3: If the TX UE establishes a unicast link prior to initial beam pairing,
· The communication range for the transmission of the DCR (Direct Communication Request) is restricted due to the use of omni-directional beams.
· If directional beams are used, the same disadvantages of establishing a unicast link during initial beam pairing come into play – inefficient resource utilization, overhead and higher latency.
Observation 4: The following issues have been identified and needs to be addressed in order to use S-SSB for initial beam pairing:
· SL-SSID is not UE-specific, as it only carries information for identifying the synchronization source type, synchronization source coverage status and type of connection to the synchronization source.
· When a SL UE is synchronized to a SyncRefUE with high RSRP measurement results or a cell with high RSRP measurement results, the UE does not always need to transmit S-SSB.
· Transmission slots used for S-SSB are designed for synchronization, which may not be suitable for beam sweeping.
Observation 5: For SL FR2 initial beam sweeping,
· DMRS has to be transmitted together with data and is not a reliable reference signal for beam pairing.
· PSCCH/PSSCH and corresponding PSFCH are infeasible for initial beam sweeping since unicast link establishment should be considered first before data transmission.
Observation 6: The communication range is less than halved when beam training is performed only by the TX UE and not by the RX UE, resulting in significant communication range restrictions and performance losses.
Observation 7: In SL FR2, half duplex issues exist during initial beam alignment and beam maintenance due to multiple beam directions and a lack of centralized scheduling.
Observation 8: In SL FR2, beam-based transmissions will lead to beam switch conflicts with multiple unicast pairs when different TX/RX beams are TDMed.
Observation 9: Existing SL CSI-RS is not suitable for SL beam refinement because:
· SL CSI-RS is transmitted in an aperiodic manner.
· SL CSI-RS has to be transmitted together with SL data.
Observation 10: The existing SL CSI reporting framework is not suitable for SL beam measurement reports because the SL CSI report is conveyed only in MAC CE, which leads to increased latency.
Observation 11: Existing SL CSI framework already supports aperiodic SL CSI-RS for beam refinement without specification changes on the procedure for triggering and transmission of SL CSI-RS.
Observation 12: Compared to the Uu TCI framework, there is no beam indication method defined for SL FR2.
Observation 13: In Uu, symbol-level beam switching is supported for UE to perform Tx and Rx beam change.
Observation 14: Compared to Uu, where beam switch timing is defined and configured for beam indication, there is no beam switch timing defined for SL FR2.
Observation 15: In SL FR2, the PSFCH preparation time, defined by sl-MinTimeGapPSFCH, is not enough with higher SCS, since the required slots for decoding SCIs in SL increases with the increasing of SCS.
The following are our proposals:
Proposal 1: For sidelink beam management, initial beam pairing is performed before PC5 unicast link establishment.
· FFS: whether/how initial beam pairing is performed during unicast link establishment.
Proposal 2: For SL FR2 initial beam sweeping, the following enhancements are considered for S-SSB:
· Indication of UE-specific information is supported for initial beam sweeping, FFS details. 
· Study the use of S-PSS and S-SSS resources to indicate UE-specific information and synchronization information, respectively.
· S-SSB is transmitted when a UE is performing initial beam sweeping without considering synchronization conditions.
· S-SSB transmission slots are determined according to number of beams, beam sweeping period, beam sweeping patterns and beam measurement reporting resources.
Proposal 3: For SL FR2 initial beam sweeping, study whether/how to enhance SL CSI-RS.
· Study whether/how SL CSI-RS can be used for initial beam sweeping before/during unicast link establishment.
· Study how to determine SL CSI-RS transmission time/frequency resources.
Proposal 4: Study both TX and RX beam training in R18 SL.
Proposal 5: For SL FR2 beam measurement reporting for initial beam sweeping,
· Study how to enable beam measurement reporting when S-SSB is used for initial beam sweeping.
· Support a mapping rule between beam sweeping opportunities and corresponding beam measurement reports.
· Study the use of a PSFCH-like channel for beam measurement reports, indicating the transmitter of the report.
· Study how to enable beam measurement reporting when SL CSI-RS is used for initial beam sweeping.
· Study how to indicate the optimal beam through beam measurement report
Proposal 6: Study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.
Proposal 7: Study how to address the beam switching issue under the scenario of multiple unicast pairs.
Proposal 8: For SL FR2 beam refinement, study the use of SL CSI-RS for beam sweeping, including the following aspects:
· Support for periodic SL CSI-RS transmissions.
· Design for standalone SL CSI RS transmissions using MAC CE only transmissions. 
Proposal 9: Study how to enable beam measurement reporting for SL FR2 beam refinement using SL CSI reports.
· Consider the use of PHY layer signaling like PSFCH to carry optimal beam indication.
Proposal 10: Study how to support beam indication in SL FR2 using the Uu TCI and QCL framework.
· QCL Type-D of Uu is used as baseline, which indicates the spatial RX parameter.
· SL TCI states is configured by higher layers and then indicated by the SCI.
Proposal 11: Support for beam correspondence can be assumed as baseline.
· Whether/how beam management is performed when beam correspondence is not applicable can be further studied.
Proposal 12: In SL FR2, the beam switching times within a slot from Uu is taken as baseline.
Proposal 13: Study how to support beam switching in SL FR2, including switching timing and beam indication, with the following enhancements:
· SCI schedules PSCCH/PSSCH transmission if a time-offset is to be satisfied.
· The time-offset is defined based on the minimum number of symbols or slots required by the UE to perform PSCCH reception and spatial QCL information.
Proposal 14: Study SL FR2 beam failure detection, taking NR Uu BFD procedure as baseline, with the following enhancements:
· S-SSB and SL CSI-RS are used as BFD reference signals
· Conditions for indicating beam failure instances considering sensing-based resource selection.
Proposal 15: Study SL FR2 BFR request and BFR response, taking NR Uu procedures as baseline, with the following enhancements:
· S-SSB and SL CSI-RS are used for new candidate beam identification.
· The new candidate beam is identified and reported to higher layers when the measured RSRP is above a (pre-)configured threshold.
· Enhance BFR procedures including BFR request and BFR response procedures to enable effective BFR.
Proposal 16: Support to study enhancements for resource allocation mode 1 and mode 2.
· Resource allocation enhancements are studied after the initial beam pairing and beam maintenance issues have made some progress.
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Appendix 
[bookmark: _Ref110350962][bookmark: _Ref110350959]Table 3: Summary of assumptions for communication range with pedestrian UE and cellular UE
	Carrier Frequency
	30GHz

	UE Tx Power
	23 dBm

	Noise Figure
	13 dB

	Noise Floor
	-93 dB

	Antenna Configuration
(Table 6.1.4-6: Antenna element pattern for pedestrian UE and cellular UE in TR37.885)
	5 dBi for directional beam

	Pathloss model
	 (LOS)

	SNR (link-level)
	SNR = Tx_power + TX_antenna_gain + RX_antenna_gain – Pathloss – Noise_floor – Noise_figure
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