

3GPP TSG RAN WG1 #114		R1- 2307602
Toulouse, France, August 21st – August 25th, 2023
Agenda item:	9.4.3
Source: 	ZTE, Sanechips
Title: 	Discussion on enhanced sidelink operation on FR2 licensed spectrum
Document for:	Discussion and decision
Introduction
In RAN #99[1], WID on sidelink enhancement for FR2 remained the same as in RAN# 98-e [2] as below.
	[bookmark: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]Study is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. [RAN1, RAN2]
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


In this contribution, we discuss the issues on beam management for SL FR2 licensed spectrum and provide our analysis and proposals.

Discussions 
Initial beam-pairing
In the last meeting, the agreement has been reached that initial beam pairing after sidelink unicast link establishment can follow a similar procedure as beam maintenance as below[3].
	Agreement
In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows a similar procedure as beam maintenance.


However, there are still some FFSs that need to be addressed for initial beam pairing before/during sidelink unicast link establishment. 

Initial beam-pairing is performed before sidelink unicast link establishment
In the last meeting, some agreements on initial beam pairing before sidelink unicast link establishment were made as below[3]:
	Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS
· 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.
· Alt 1-4: PSCCH/PSSCH DMRS
· the reference signals are sent
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· FFS resources and resource allocation of reference signal
· FFS: if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· Note: this does not preclude beam reporting in the link establishment message.
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; 

Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is considered for SL CSI-RS (or its modified format) (if feasible)
· Aperiodic, periodic and/or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), candidate resources for SL CSI-RS beam sweeping are (pre-)configured 
· FFS: whether/how to avoid resource collision of SL CSI-RS transmissions from different UEs
· FFS: Association between SL CSI-RS and beam reporting and/or initial link establishment
· FFS: details of association
· Identification and beam related information of SL CSI-RS for initial beam pairing 
· FFS: details




For initial beam pairing before sidelink unicast link establishment procedure, at least the following issues require further study:
Issue 1: some aspects are related to the reference signal for initial beam pairing, include: 
1) if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
2) whether/how to avoid unnecessary beam measurement and reporting from multiple UEs
3) whether/how to avoid resource collision of CSI-RS transmissions from different UEs
Issue 2: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
Issue 3: association between CSI-RS and beam reporting and/or initial link establishment
For issue 1, dedicated resource pool(s) can be configured for reference signal and related information for initial beam paring. If CSI-RS is used, the information (such as the UE ID used for beam training, destination ID etc.) associated with the CSI-RS can also be transmitted in these dedicated resource pools, then Rx UE can identify the UE transmitting CSI-RS according to the UE ID, and avoid unnecessary beam measurement and reporting according to the destination ID. R16/R17 sidelink PSCCH/PSSCH resource allocation method can be reused for CSI-RS and related information to avoid resource collision of CSI-RS transmissions from different UEs. For example, gNB can schedule CSI-RS resources of each UE in mode 1 for in-coverage scenario, while for mode 2, sensing-based resource selection mechanism  can be adopted.
 UE1 can transmit the information (such as the UE ID used for beam training, destination ID etc.) associated with the CSI-RS.
 Existing sidelink PSCCH/PSSCH resource allocation method can be reused for CSI-RS to avoid resource collision of CSI-RS transmissions from different UEs.

For issue 2, if the destination ID associated with the CSI-RS by UE1 is not UE specific ID (i.e. default destination ID), it is a normal case that UE1 would receive different beam reporting from different UEs. Therefore, UE1 should considered all beams from different beam reporting from different UEs as its transmit beams used for transmitting subsequent PSCCH/PSSCH(e.g. DCR message) to these different UEs.
 If UE1 received different beam reporting from different UEs, UE1 should consider all these reported beams as its transmit beam(s) for subsequent PSCCH/PSSCH(e.g. DCR message) to these different UEs.
For issue 3, considering the association between CSI-RS and beam reporting and/or initial link establishment it can be similar to the association between SSB and PRACH in NR Uu or between PSCCH/PSSCH and PSFCH in R16/R17 sidelink. 
 The association between CSI-RS and beam reporting can be similar to the association between SSB and PRACH (e.g. like NR Uu) or between PSCCH/PSSCH and PSFCH(e.g. like R16/R17 sidelink).

For issue 3, the association between initial beam pairing procedure (i.e. CSI-RS and beam reporting) and subsequent sidelink communication towards to a specific receiver (e.g. initial link establishment) depends on whether Rx UE ID is indicated in beam reporting or not. In our view, Rx UE ID should not be indicated due to the following reasons: 1) If a specific Rx UE ID is indicated in CSI-RS related information during initial beam pairing procedure, it is not necessary to indicate Rx UE ID in beam reporting from the Rx UE. 2) If initial beam pairing initiated by UE1 is not targeted at a specific Rx UE, then, more than one Rx UEs may measure CSI-RS and send beam reporting, and the number of resources for beam reporting, e.g. PSFCH resources would be not sufficient based on (pre-)configuration. Due to resource collision, if Rx UE ID is indicated in beam reporting, it could cause reception failure of the beam reporting from different Rx UEs. 
 If PSFCH is used for beam reporting of initial beam pairing before sidelink unicast link establishment procedure, Rx UE ID should not be indicated in beam reporting from the Rx UE.

For the association between initial beam pairing procedure (i.e. CSI-RS and beam reporting) and subsequent sidelink communication, the following two cases can be considered:
Case 1: After UE1 transmits CSI-RS with a default destination ID and receives beam reporting, it can transmit PSCCH/PSSCH (e.g. DCR message) according to beam reporting, and at least indicate its UE ID for beam training along with the PSCCH/PSSCH so that Rx UE can associate the PSCCH/PSSCH with the initial beam pairing procedure and select appropriate transmitting beam (e.g. according to Tx/Rx beam correspondence) to transmit the response to the PSCCH/PSSCH. And, the Rx UE should at least indicate the determined UE1’s transmit beam again along with the response to the PSCCH/PSSCH so that UE1 can associate its transmit beam with the Rx UE.
[bookmark: _GoBack]Case 2: After Rx UE measures the CSI-RS transmitted by UE1 together with UE1 source ID and the ID for beam training, Rx UE can select appropriate transmitting beam (e.g. according to Tx/Rx beam correspondence) to transmit the PSCCH/PSSCH (e.g. DCR message) in unicast manner, and indicate the expected UE1’s transmit beam. Then, UE1 can indicate UE1’s ID for beam training along with the response to the PSCCH/PSSCH so that Rx UE can associate its determined transmit beam with the UE1.

 For the association between initial beam pairing procedure (i.e. CSI-RS and beam reporting) and subsequent sidelink communication, the following two cases can be considered:
Case 1: UE 1 should at least indicate its UE ID when transmitting PSCCH/PSSCH (e.g. DCR message), and the Rx UE should at least indicate the determined UE1’s transmit beam when transmitting the response to the PSCCH/PSSCH so that UE1 can associate its transmit beam with the Rx UE.
Case 2: After Rx UE measures the CSI-RS transmitted by UE1 together with UE1 ID, Rx UE should indicate the expected UE1’s transmit beam when transmitting PSCCH/PSSCH (e.g. DCR message), and UE1 can indicate UE1’s ID for beam training when transmitting the response to the PSCCH/PSSCH so that Rx UE can associate its determined transmit beam with the UE1.

Initial beam-pairing is performed during sidelink unicast link establishment

In the last meeting, some agreements on initial beam pairing during sidelink unicast link establishment were made as below[3]:
	Agreement
In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the candidate reference signal which is transmitted together with unicast link establishment message is selected based on one of the following alternatives
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· In step 2, UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement satisfying certain condition(s).
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS the format of UE1’s transmit beam determined by UE2, e.g. implicit or explicit
· FFS details of condition(s)
· In step 2, UE2 indicates UE1’s transmit beam(s).
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association (e.g. resources)
· In step 3, UE1 determines UE1’s transmit beam based on one or more of the following alternatives
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)
· Alt 2-3: measurement/detection of beam indication signal 




For initial beam pairing during sidelink unicast link establishment, one FFS is contents and container for beam indication. If UE1 transmits PSCCH/PSSCH (e.g. DCR message) in broadcast manner, the number of Rx UEs sending the beam indication based on the PSCCH/PSSCH cannot be predicted. If beam indication is carried by PSFCH, the number of PSFCH resources for beam indication is limited and different Rx UEs must share the PSFCH resources, resulting in UE1 being unable to distinguish the different Rx UEs. In addition, very few information bits can be indicated by legacy PSFCH. Therefore, we suggest using PSCCH/PSSCH carrying the beam indication, i.e. the container for beam indication is PSCCH/PSSCH. 
Another FFS is the format of UE1’s transmit beam determined by UE2, e.g. implicit or explicit. For implicit, the resource used by beam indication must be associated with PSCCH/PSSCH (e.g. DCR message resource) from UE1, which will increase standardization complexity, and it is not possible to indicate the beam used for subsequent sidelink transmission in advance by indicating beam ID.
For initial beam pairing during sidelink unicast link establishment, container for beam indication should be PSCCH/PSSCH.
For initial beam pairing during sidelink unicast link establishment, UE1’s transmit beam can be reported by Rx UE by explicit signaling, e.g. expected UE1’s transmit beam ID.

Beam maintenance
Design of CSI-RS for Beam management
In the last meeting, some agreements on CSI-RS for beam maintenance were made as below[3]:
	Agreement
For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure, including enhancements of existing non-standalone sidelink CSI-RS
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions use the same or different transmit beam as accompanying data
· FFS whether/how to support multiple transmit beams for non-standalone sidelink CSI-RS in the same slot

Agreement
For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether/how the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details  
· 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.

Agreement
For beam maintenance, consider design details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 




For non-standalone sidelink CSI-RS transmissions, as we can see, there are some FFSs to be addressed in above agreement. In R16/R17 sidelink, CSI-RS can only be transmitted within a unicast PSSCH transmission, which means that CSI-RS in a slot can only be transmitted in one beam direction since CSI-RS is FDMed with PSSCH in those symbols containing PSSCH REs. Therefore, existing aperiodic and non-standalone CSI-RS for R16/R17 sidelink should be enhanced to support beam maintenance in sidelink communication. As shown in Figure 1, multiple CSI-RSs are TDMed with PSCCH/PSSCH in the same slot. For non-standalone sidelink CSI-RS transmissions, the same or different transmit beam as accompanying data can be used and multiple transmit beams can be supported in the same slot to achieve flexible beam management and reduce beam training delay.



Figure 1: CSI-RS resources are TDMed with PSSCH in a slot, and have the same bandwidth as the PSSCH

For non-standalone sidelink CSI-RS transmissions, the following can be considered:
Multiple CSI-RSs are TDMed with PSCCH/PSSCH in the same slot;
The same or different transmit beam as accompanying data can be used;
Multiple transmit beams can be supported in the same slot.
For non-standalone CSI-RS, if a Tx UE can transmit CSI-RSs on every group of symbols in different beam directions in a slot, and the angle between these different beam directions is large, the received power of nearby UEs may vary significantly. Which may cause AGC problems at these UEs since UE only performs AGC training at the starting symbol of the slot. To solve AGC problem, each CSI-RS resource occupies at least 2 symbols with the first symbol being the AGC symbol, and the time domain location of CSI-RS can be configured per sidelink resource pool, i.e. the slots containing CSI-RS and the time domain location of CSI-RS within each slot are the same for all UE.
For non-standalone CSI-RS, AGC issues may occur if Tx UE transmits different CSI-RSs in different beam directions in a slot.
For non-standalone CSI-RS, each CSI-RS resource occupies at least 2 symbols within the first symbol being the AGC symbol, and the time domain location of CSI-RS can be configured per sidelink resource pool, i.e. the slots containing CSI-RS and the time domain location of CSI-RS within each slot are the same for all UE.

For standalone sidelink CSI-RS transmissions, standalone CSI-RS resources can be independently configured and have no relationship with PSCCH/PSSCH resources. For example, CSI-RS can be configured in a dedicated resource pool, or in a shared resource pool with PSSCH, as shown in Figure 2 and Figure 3 respectively. Similar to non-standalone sidelink CSI-RS, the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions. 




Figure 2: CSI-RS resources in a slot of a CSI-RS dedicated resource pool



Figure 3: Dedicated CSI-RS resources TDMed with PSSCH in the same resource pool


For standalone sidelink CSI-RS transmissions, the same or different transmit beams can be transmitted on each group of symbols in the slot of standalone sidelink CSI-RS transmissions.
For standalone CSI-RS, one issue is how to allocate and indicate CSI-RS resources to different UEs so that beam management can be performed based on the CSI-RS resources. In our view, at least two alternatives can be considered:
Alt 1: Pre-definition: Pre-define the mapping rules between PSCCH/PSSCH and CSI-RS resources for beam management. Similar to the mapping method between PSCCH/PSSCH and associated PSFCH; CSI-RS resources collision can be largely/totally avoided via legacy mode 2 sensing or mode 1 scheduling.
Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated, similar to aperiodic CSI-RS resources triggered by DCI in NR Uu.

For standalone CSI-RS, the following two alternatives can be considered for the issue of how to allocate CSI-RS resources to different UEs:
Alt 1: Pre-definition: Pre-define the mapping rules between PSCCH/PSSCH and CSI-RS resources for beam management;
Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated.

Beam report
In the last meeting, some agreements on beam reporting were made as below[3]:
	Agreement
For beam reporting using PSFCH (if supported) in beam maintenance, study 
· Whether/how there is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone)
· FFS beam reporting content, 
· Whether/how PSFCH carries multiple beam reporting bits 
· Alt 1: New PSFCH format
· Alt 2: PSFCH format 0 by exploring the relationship with frequency and/or code domain resources
· Other alternatives are not precluded 
· FFS: PSFCH carries one beam reporting bit 
· FFS: whether beam reporting and sidelink HARQ ACK can be reported together, e.g., same or different PSFCH

Agreement
For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study 
· beam reporting content
· timeline, e.g., 
· whether/how to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 
· Periodic, aperiodic and/or semi-persistent reporting timeline



Beam reporting using PSFCH
For beam reporting using PSFCH (if supported) in beam maintenance, the association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone) can take the mapping relationship between PSSCH and PSFCH as a starting point. For example, PSFCH resources for beam reporting are configured per sidelink resource pool. The association rule between PSFCH for beam reported is predefined.
Similar to NR Uu, the same CSI-RS/SSB can be used for different purposes (e.g. beam management, beam failure recovery etc.). It is beneficial that the same CSI-RS transmitted by the same Tx UE can also be used for different purposes. For example, the same CSI-RS can be used for initial beam pairing, beam maintenance or beam failure recovery. 
For the association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone), mapping relationship between PSSCH and PSFCH as a starting point can be considered.
A CSI-RS transmitted by the Tx UE can also be used for different measurement purposes for different Rx UE, such as initial beam pairing, beam maintenance or beam failure recovery.

Beam reporting content depends on whether PSFCH carries multiple beam reporting bits. If PSFCH can only carry 1 bit information as R16/R17 sidelink, whether the associated CSI-RS meets quality requirements can be indicated only. For example, if L1-RSRP for CSI-RS is larger than RSRP threshold, the CSI-RS meets quality requirements, otherwise, the CSI-RS does not meet quality requirements. If PSFCH can carry multiple beam reporting bits, beam reporting content can include more information, such as beam index (e.g. CRI) and/or L1-RSRP. 
[bookmark: _Toc135070432] If PSFCH can only carry 1 bit information, beam reporting content can only include whether the associated CSI-RS meets quality requirements, otherwise, beam reporting content can include CRI and/or L1-RSRP for sidelink beam management.

Whether beam reporting and sidelink HARQ ACK can be reported together (e.g., same or different PSFCH) depends on whether CSI-RS is non-standalone or standalone. In our view, beam reporting for standalone CSI-RS does not need to be reported together with sidelink HARQ-ACK because the standalone CSI-RS transmission is not related to sidelink PSCCH/PSSCH transmission. For non-standalone CSI-RS for beam management, beam reporting and sidelink HARQ ACK can be reported together. 
 For non-standalone CSI-RS for beam management, beam reporting and sidelink HARQ ACK can be reported together.

Beam reporting using sidelink MAC CE
Sidelink MAC CE can carry multiple beam reporting bits, beam reporting content can include more information, such as beam index (e.g. CRI) and/or L1-RSRP.
 For beam reporting using sidelink MAC CE, beam reporting content can include CRI and/or L1-RSRP for sidelink beam management.

In R16/R17 sidelink, aperiodic CSI report can be triggered for Rx UE when ‘CSI request’ field is set to 1 by Tx UE. Rx UE can be configured with a CSI reporting latency boundary as indicated by the higher layer parameter sl-LatencyBoundCSI-Report. Rx UE reports CSI in MAC CE within the CSI reporting latency boundary. In our view, R16/R17 aperiodic CSI report mechanism can be considered as a starting point for aperiodic beam reporting. For example, Rx UE can send beam reporting to Tx UE within a latency boundary starting from the slot where the beam reporting request from Tx UE is received for aperidic/periodic/semi-static CSI-RS.  
[bookmark: _Toc135070435]Aperiodic beam reporting for aperiodic/periodic/semi-static CSI-RS can reuse R16/R17 aperiodic CSI report mechanism.
Periodic beam reporting can also be supported when period/semi-static CSI-RSs are supported. Similar to aperiodic beam reporting, periodic/semi-static beam reporting can be transmitted by Rx UE within the beam reporting latency boundary, where the latency boundary for the beam reporting of a CSI-RS transmission period starts from the slot where the last CSI-RS of the CSI-RS transmission period and ends before the last CSI-RS transmission of the next CSI-RS transmission period.
[bookmark: _Toc135070436]Periodic/semi-static beam reporting can be transmitted by Rx UE within the beam reporting latency boundary, where the latency boundary for the beam reporting of a CSI-RS transmission period starts from the slot where the last CSI-RS of the CSI-RS transmission period and ends before the last CSI-RS transmission of the next CSI-RS transmission period.

Beam indication

In the last meeting, some agreements on beam indication were made as below[3]:
	Agreement
For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Details of sidelink TCI state at least including/indicating e.g. sidelink TCI state ID, sidelink CSI-RS resource and Tx/Rx spatial filter related information
· FFS: QCL types for sidelink 
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink CSI-RS resource 
· Study the following optional beam indication candidate container 
· SCI
· sidelink MAC CE
· PC5-RRC
· FFS: activation time of indicated beam
· FFS: whether to reuse the Rel-17 unified TCI framework
· Study whether/how beam indication is sent by transmitter UE or receiver UE.
· FFS study beam indication in mode 1 on Uu interface




Generally, a Tx UE should indicate its Tx beam for a future SL transmission to a Rx UE so that the Rx UE can determine the Rx beam for this SL transmission. In NR Uu, gNB can indicate the Tx beam of PDSCH by its scheduling DCI, then the Rx can decode the DCI to acquire the Tx beam and to determine the corresponding Rx beam. While in NR sidelink, PSSCH and its associated PSCCH are transmitted simultaneously, same TX beam should be applied for PSSCH and its associated PSCCH relying on legacy AGC handling frame structure. Therefore, the Tx beam of PSSCH and its associated PSCCH should be indicated in advance, and SCI can be a beam indication container to provide flexible and timely beam indication.
PSCCH and associated PSSCH always have the same Tx beam (i.e. TCI state).
[bookmark: _Toc131790710][bookmark: _Toc135070437]The Tx UE can indicate the beam used for future/reserved PSCCH/PSSCH transmission to the Rx UE by SCI.

After configuring CSI-RS resources for beam management, CSI-RS resources of Tx UE should be indicated to Rx UE so that beam management can be performed based on the CSI-RS resources. For non-standalone CSI-RS for beam management, CSI-RS and PSSCH are transmitted in the same slot by TDM manner, and have the same bandwidth. Therefore, one way is to indicate by Tx UE whether to include CSI-RS(s) for beam management in current slot by sidelink control information.
For non-standalone CSI-RS, Tx UE can indicate whether to include CSI-RS(s) for beam management in current slot by sidelink control information so that beam management can be performed based on the CSI-RSs.

As previously discussed, PSCCH/PSSCH DMRS can be used for initial beam pairing before/during/after sidelink unicast link establishment procedure for the UE other than the destination UE. Similarly, PSCCH/PSSCH DMRS can also be used for beam maintenance. Tx UE can indicate the beam ID used for current PSCCH/PSSCH DMRS transmission to the Rx UE to assist initial beam pairing or beam maintenance.
[bookmark: _Toc131790690][bookmark: _Toc135070411]Tx UE indicating the beam used for current PSCCH/PSSCH transmission to the Rx UE can assist in initial beam pairing or beam maintenance.
PSCCH/PSSCH DMRS can be used for initial beam pairing or beam maintenance for the UE other than the destination UE.

Beam failure detection/recovery

In the last meeting, some agreements on beam failure detection/recovery were made as below[3]:
	Agreement
RAN1 can study the following two schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback
· Note: this scheme follows the principle of sidelink RLF.
· FFS any other enhancements
· FFS whether/how to support candidate beam identification in case of BFD
· FFS criteria of triggering sidelink BFI
· FFS whether there is RAN1 impact 
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· Consider the following reference signals for BFD 
· Periodic and/or semi-persistent sidelink CSI-RS
· S-SSB or its modified format
· FFS criteria of triggering of sidelink BFI 
· FFS whether/how to trigger the transmission of reference signal for BFD
· Other options are not precluded.

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Consider the following reference signals for CBD
· Sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· S-SSB or its modified format
· FFS criteria of determining candidate beam (e.g., largest RSRP measurement, RSRP measurement larger than a threshold, pre-determined during initial beam pairing, etc)
· FFS whether/how to trigger the transmission of reference signal for CBD

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRQ, study
· Resources  
· Option 1: associated with CBD reference signal, i.e. identified candidate beam
· Option 2: within a responding window after CBD reference signal transmission
· Option 3: Resources determined based on sensing and resource allocated after identification of a new beam.
· Option 4: associated with BFD reference signal
· Other options are not precluded
· Container
· Option 1: PSFCH or modified PSFCH
· Option 2: SCI
· Option 3: sidelink MAC CE
· Option 4: new channel associated with beam reporting in initial beam pairing phase
· Other options are not precluded
· Transmit beam
· Option 1: widest attainable beam
· FFS up to UE implementation  
· Option 2: beam sweeping
· Option 3: corresponding to the receive beam of identified candidate beam
· Other options are not precluded 
· Content can be the BFD and/or new beam indication
· FFS: whether/how to support sidelink BFRQ in mode 1 including signaling to/from the network.

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRR, study
· Container
· Option 1: SCI
· Option 2: sidelink MAC CE
· Option 3: PSFCH
· Option 4: PC5-RRC
· Other options are not precluded
· Transmit beam
· Option 1: widest attainable beam
· FFS up to UE implementation 
· Option 2: beam sweeping
· Option 3: corresponding to the candidate beam indicated by the received BFRQ
· Other options are not precluded 
· FFS: new beam indication (e.g., SL CRI, SL SSBRI)
· FFS: activation time of new beam 
· FFS: whether/how to support sidelink BFRR in mode 1 including signaling to/from the network



Both scheme 1 and scheme 2 to trigger sidelink BFI can be studied, but there are still some FFSs to be addressed in above agreements. 
For scheme 1, one FFS is whether/how to support candidate beam determination(CBD) in case of BFD. In our view, one of the following two options can be considered:
Option 1: Once Tx UE believes that a beam failure has occurred, Tx UE transmits reference signals for CBD using new beams; Rx UE, who has monitored the candidate reference signals from Tx UE, determines new candidate transmit beam(s) of Tx UE based on the measurement of CBD reference signals from Tx UE, and inform to Tx UE of these new transmit beam(s).
Option 2: Tx UE transmits PSCCH/PSSCH to Rx UE using different new beam (e.g. reference signals or PSCCH/PSSCH DMRS). Once ACK/NACK feedback corresponding to the PSCCH/PSSCH is received, Tx UE considers the beam failure recovery completes.
For scheme 1, to support candidate beam determination(CBD) in case of BFD, one of the following two options can be considered:
Option 1: If beam failure occurs, Tx UE transmits CBD reference signals using new beams; Rx UE determines new candidate beam(s) based on the measurement of CBD reference signals from Tx UE, and informs new transmit beam(s) to Tx UE;
Option 2: Tx UE transmits PSCCH/PSSCH to Rx UE using different new beam; Rx UE sends ACK/NACK feedback corresponding to the PSCCH/PSSCH to Tx UE.

For scheme 2, one FFS is whether/how to trigger the transmission of reference signal for BFD/CBD, from our point of view, as Uu BFD, the reference signal for BFD should be transmitted periodically. However, the reference signal for CBD can only be transmitted when Tx UE believes that a beam failure has occurred. For scheme 2, sidelink BFI is triggered based on the measurement of reference signal for BFD by Rx UE. In addition, Rx UE can also provide beam quality reports to Tx UE so that Tx UE can estimate whether beam failure has occurred. If Tx UE estimates that a beam failure has occurred, Tx UE can trigger the transmission of reference signal for CBD. Aperiodic transmission of reference signal for CBD can reduce resource collision of reference signal for CBD from different UEs. 
For scheme 2, Rx UE can provide beam quality reports to Tx UE based on the measurement of reference signal for BFD so that Tx UE can also estimate whether beam failure has occurred.
For scheme 2, if Tx UE estimates that a beam failure has occurred, Tx UE can trigger the transmission of reference signal for CBD.

Congestion control mechanism in FR2
In legacy NR Rel-16/17 mode 2, there is a congestion control mechanism by CBR and CR measurement to control the Tx parameters.
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If a UE is configured with higher layer parameter sl-CR-Limit and transmits PSSCH in slot n, the UE shall ensure the following limits for any priority value k;
	
where  is the CR evaluated in slot n-N for the PSSCH transmissions with 'Priority' field in the SCI set to i, and  corresponds to the high layer parameter sl-CR-Limit that is associated with the priority value k and the CBR range which includes the CBR measured in slot n-N, where N is the congestion control processing time.


In SL FR2, this congestion control mechanism will be also maintained, but how to measure the CBR and CR has not be discussed. As shown in figure 4, if UE wants to transmit PSSCH in slot n with Tx beam1, then how to determine the corresponding CBR value according to CBR measurement window with different Rx beams need to be studied.


Figure 4 CBR measurement for transmission in slot n
Another example is shown in figure 5 to illustrate CR measurement, the situation is different with legacy NR SL. Then how to determine the corresponding CR value according to CR measurement window with different Tx beams need also be studied similar to CBR. 


Figure 5 CR measurement for transmission in slot n
The final goal is to obtain the PSSCH transmission parameters such as MCS, available subchannel number, power and so on, so how to determine the PSSCH transmission parameters in FR2 need to be studied together CBR and CR.
To further study congestion control mechanism in FR2, including CBR determination, CR determination and PSSCH transmission parameters determination.
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Conclusion
Based on above discussion, the following observation and proposals are given:
Observation 1: For non-standalone CSI-RS, AGC issues may occur if Tx UE transmits different CSI-RSs in different beam directions in a slot.
Observation 2: Tx UE indicating the beam used for current PSCCH/PSSCH transmission to the Rx UE can assist in initial beam pairing or beam maintenance.

Proposal 1: UE1 can transmit the information (such as the UE ID used for beam training, destination ID etc.) associated with the CSI-RS.
Proposal 2: Existing sidelink PSCCH/PSSCH resource allocation method can be reused for CSI-RS to avoid resource collision of CSI-RS transmissions from different UEs.
Proposal 3: If UE1 received different beam reporting from different UEs, UE1 should consider all these reported beams as its transmit beam(s) for subsequent PSCCH/PSSCH(e.g. DCR message) to these different UEs.
Proposal 4: The association between CSI-RS and beam reporting can be similar to the association between SSB and PRACH (e.g. like NR Uu) or between PSCCH/PSSCH and PSFCH(e.g. like R16/R17 sidelink).
Proposal 5: If PSFCH is used for beam reporting of initial beam pairing before sidelink unicast link establishment procedure, Rx UE ID should not be indicated in beam reporting from the Rx UE.
Proposal 6: For the association between initial beam pairing procedure (i.e. CSI-RS and beam reporting) and subsequent sidelink communication, the following two cases can be considered:
• Case 1: UE 1 should at least indicate its UE ID when transmitting PSCCH/PSSCH (e.g. DCR message), and the Rx UE should at least indicate the determined UE1’s transmit beam when transmitting the response to the PSCCH/PSSCH so that UE1 can associate its transmit beam with the Rx UE.
• Case 2: After Rx UE measures the CSI-RS transmitted by UE1 together with UE1 ID, Rx UE should indicate the expected UE1’s transmit beam when transmitting PSCCH/PSSCH (e.g. DCR message), and UE1 can indicate UE1’s ID for beam training when transmitting the response to the PSCCH/PSSCH so that Rx UE can associate its determined transmit beam with the UE1.
Proposal 7: For initial beam pairing during sidelink unicast link establishment, container for beam indication should be PSCCH/PSSCH.
Proposal 8: For initial beam pairing during sidelink unicast link establishment, UE1’s transmit beam can be reported by Rx UE by explicit signaling, e.g. expected UE1’s transmit beam ID.
Proposal 9: For non-standalone sidelink CSI-RS transmissions, the following can be considered:
• Multiple CSI-RSs are TDMed with PSCCH/PSSCH in the same slot;
• The same or different transmit beam as accompanying data can be used;
• Multiple transmit beams can be supported in the same slot.
Proposal 10: For non-standalone CSI-RS, each CSI-RS resource occupies at least 2 symbols within the first symbol being the AGC symbol, and the time domain location of CSI-RS can be configured per sidelink resource pool, i.e. the slots containing CSI-RS and the time domain location of CSI-RS within each slot are the same for all UE.
Proposal 11: For standalone sidelink CSI-RS transmissions, the same or different transmit beams can be transmitted on each group of symbols in the slot of standalone sidelink CSI-RS transmissions.
Proposal 12: For standalone CSI-RS, the following two alternatives can be considered for the issue of how to allocate CSI-RS resources to different UEs:
• Alt 1: Pre-definition: Pre-define the mapping rules between PSCCH/PSSCH and CSI-RS resources for beam management;
• Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated.
Proposal 13: For the association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone), mapping relationship between PSSCH and PSFCH as a starting point can be considered.
Proposal 14: A CSI-RS transmitted by the Tx UE can also be used for different measurement purposes for different Rx UE, such as initial beam pairing, beam maintenance or beam failure recovery.
Proposal 15: If PSFCH can only carry 1 bit information, beam reporting content can only include whether the associated CSI-RS meets quality requirements, otherwise, beam reporting content can include CRI and/or L1-RSRP for sidelink beam management.
Proposal 16: For non-standalone CSI-RS for beam management, beam reporting and sidelink HARQ ACK can be reported together.
Proposal 17: For beam reporting using sidelink MAC CE, beam reporting content can include CRI and/or L1-RSRP for sidelink beam management.
Proposal 18: Aperiodic beam reporting for aperiodic/periodic/semi-static CSI-RS can reuse R16/R17 aperiodic CSI report mechanism.
Proposal 19: Periodic/semi-static beam reporting can be transmitted by Rx UE within the beam reporting latency boundary, where the latency boundary for the beam reporting of a CSI-RS transmission period starts from the slot where the last CSI-RS of the CSI-RS transmission period and ends before the last CSI-RS transmission of the next CSI-RS transmission period.
Proposal 20: PSCCH and associated PSSCH always have the same Tx beam (i.e. TCI state).
Proposal 21: The Tx UE can indicate the beam used for future/reserved PSCCH/PSSCH transmission to the Rx UE by SCI.
Proposal 22: For non-standalone CSI-RS, Tx UE can indicate whether to include CSI-RS(s) for beam management in current slot by sidelink control information so that beam management can be performed based on the CSI-RSs.
Proposal 23: PSCCH/PSSCH DMRS can be used for initial beam pairing or beam maintenance for the UE other than the destination UE.
Proposal 24: For scheme 1, to support candidate beam determination(CBD) in case of BFD, one of the following two options can be considered:
• Option 1: If beam failure occurs, Tx UE transmits CBD reference signals using new beams; Rx UE determines new candidate beam(s) based on the measurement of CBD reference signals from Tx UE, and informs new transmit beam(s) to Tx UE;
• Option 2: Tx UE transmits PSCCH/PSSCH to Rx UE using different new beam; Rx UE sends ACK/NACK feedback corresponding to the PSCCH/PSSCH to Tx UE.
Proposal 25: For scheme 2, Rx UE can provide beam quality reports to Tx UE based on the measurement of reference signal for BFD so that Tx UE can also estimate whether beam failure has occurred.
Proposal 26: For scheme 2, if Tx UE estimates that a beam failure has occurred, Tx UE can trigger the transmission of reference signal for CBD.
Proposal 27: To further study congestion control mechanism in FR2, including CBR determination, CR determination and PSSCH transmission parameters determination.
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