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1. Introduction
At the RAN1#113 meeting [1], there was discussion on enhanced sidelink operation on FR2 licensed spectrum. In this contribution, we share our views on enhanced sidelink operation on FR2 licensed spectrum.

2. Discussion
2.1. Initial beam pairing
At the previous meeting, RAN1 discussed the relationship between PC5 unicast link establishment and SL initial beam pairing. RAN1 made agreement that three types of candidate procedures such as “before”, “during” and “after” as shown below and in the following sections.
	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


Before we get into a discussion of each case, we make a general discussion of initial beam pairing.

2.1.1. Initiation and Definition of each case  
We believe that it is useful to study from the perspective of how AS layer in SL UE initiates the initial beam pairing to make better common understanding and consideration in RAN1.
Considering the higher layer procedure as shown Fig.1, candidates for initiation timing of the initial beam pairing are considered as follows: 

(1) No specific trigger from higher layer before transmission of Direct Communication Request (DCR)
(2) Some trigger from higher layer before transmission of DCR (e.g., request for DCR transmission for the new unicast link)
(3) At the same time as DCR transmission 
(4) After DCR transmission for UE1 or transmission/reception of some higher layer message related to sidelink unicast link establishment for UE2/UE1
(5) After establishment of unicast link

[image: ]
Figure 1: Layer-2 link establishment procedure for unicast mode 5G ProSe direct communication in TS23.304 and candidates for the initiation of beam pairing in our understanding.

Meanwhile, in our view, the current major companies’ understandings of each category for initial beam pairing in RAN1 discussion would not be totally aligned, which can be summarized by using the abovementioned (1) to (5) as below:
Before: 
Option 1: (1) only
Option 2: (2) only
Option 3: (1) and (2)
During:
Option A: (3) and (4)
Option B: (2), (3) and (4)
After: (5) only

Proposal 1:  
· RAN1 clarifies the definition of ‘initial beam pairing before unicast link establishment” and “initial beam pairing during unicast link establishment”.

From the above options, we prefer Option 3 for ‘before’ case and Option A for ‘during’ case since the candidates RS and overall procedure for each case were already discussed and agreed. The definition of Option 3 and Option A seem to be most aligned with the current agreements.

Proposal 2:  
· Initial beam pairing before unicast link establishment is defined as follows:
· Initial beam pairing is performed BEFORE the transmission of DCR regardless of higher layer indication to AS layer that requests a new unicast link establishment. 
· Initial beam pairing during unicast link establishment is defined as follows: 
· Initial beam pairing is performed AT the same time as or AFTER the transmission of DCR before unicast link establishment.

For the above definition, we believe that prioritization among (1) – (5) is necessary to study further efficiently because different initiation timings would need different RS or procedure design for beam pairing. Our views on Pros/Cons of each candidate for initiation timing are described as follows: 
(1) No specific trigger from higher layer before transmission of Direct Communication Request (DCR)
· Pros is that beam pair for DCR is determined prior to the request for DCR transmission (i.e., decision to transmit DCR) and so when higher layer provides DCR to lower layer, transmission and reception of DCR can be done as immediate as the existing procedure. 
· Cons is that many unnecessary transmissions for initial beam pairing would occur, causing resource inefficiency.
(2) Some trigger from higher layer before transmission of DCR (e.g., request for DCR transmission for the new unicast link)
· Pros is that minimum resources would be needed.
· Cons is limited in our view, but RAN1 would need much specification impact to allow an SL UE (UE1) to identify another SL UE with which UE1 wants to communicate for a unicast link prior to DCR transmission and identify TX/RX resources for its beam pairing.
(3) At the same time as DCR transmission 
· Pros is that less specification impact is expected.
· Cons is that higher latency and resource inefficiency to establish unicast link due to higher-layer message level repetition with different beams.
(4) After DCR transmission for UE1 or transmission/reception of some higher layer message related to sidelink unicast link establishment for UE2/UE1
· We cannot find any particular Pros because successful reception of some higher layer message means that two SL UEs can communicate each other without beam pairing (no beam required in this situation), similar to the case of initial beam pairing after unicast link establishment. Even in this case, the mechanism of beam maintenance is sufficient to provide better quality for a communication link.
(5) After establishment of unicast link
· Same as the case (4).

From the above analysis, (2) should be prioritized since it can achieve faster establishment of beam and unicast link without using unnecessary transmission and resources.

Proposal 3:  
· Prioritize to study the following case over other cases.
· Initial beam pairing is initiated by higher layer indication to AS layer that requests a new unicast link establishment before DCR transmission.

2.1.2. Before
RAN1 discussed the procedure and reference signal for initial beam pairing before unicast link establishment, and the following agreements and draft proposal were made in the previous meeting.

	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



	Proposal 1-4-b: In case S-SSB (or its modified format) is supported for initial beam pairing between UE1 and UE2 (if feasible), at least the following is applied: 
· S-SSB for initial beam pairing is separately transmitted from Rel-16 S-SSB for synchronization
· FFS: resources for S-SSB for initial beam pairing
· FFS: how to resolve S-SSB overhead
· S-SSB for initial beam pairing contains at least UE1’s source ID and beam related information
· FFS: how to carry these information
· FFS: how UE1 and UE2 know UE1’s ID
· Association between S-SSB resources and beam reporting resources
FFS: details of association


2.1.2.1. UE identity
For initial beam paring of ‘before’ case, the important problem is how only UEs (UE2) which is required to establish unicast link with UE1 respond to UE1 after UE1 transmits the initial beam RS in step 1. Otherwise, there is a risk that multiple non-required SL UEs respond to the information from UE1 and send beam reporting to UE1.
In the legacy unicast link establishment procedure, this behavior is performed by using the target UE's Application Layer ID in DCR as below [2]. Meanwhile, for ‘before’ case, the initial beam RS is transmitted before DCR transmission and thus the initial beam RS need to convey the target UE's Application Layer ID or ID based on the application Layer ID.

	3. UE-1 sends a Direct Communication Request message to initiate the unicast layer-2 link establishment
procedure. 
The Direct Communication Request message includes:
- Source User Info: the initiating UE's Application Layer ID (i.e. UE-1's Application Layer ID).
- If the ProSe application layer provided the target UE's Application Layer ID in step 2, the following
information is included:
- Target User Info: the target UE's Application Layer ID (i.e. UE-2's Application Layer ID).

- ProSe Service Info: the information about the ProSe identifier(s) requesting Layer-2 link establishment.
- Security Information: the information for the establishment of security.

(omit)

The source Layer-2 ID and destination Layer-2 ID used to send the Direct Communication Request message are determined as specified in clauses 5.8.2.1 and 5.8.2.4. The destination Layer-2 ID may be broadcast or unicast Layer-2 ID. When unicast Layer-2 ID is used, the Target User Info shall be included in the Direct Communication Request message.
UE-1 sends the Direct Communication Request message via PC5 broadcast or unicast using the source Layer-2 ID and the destination Layer-2 ID.
A default PC5 DRX configuration may be used for transmitting and receiving of this message (see TS 38.300 [12]).

4. Security with UE-1 is established as below:
4a. If the Target User Info is included in the Direct Communication Request message, the target UE, i.e. UE-2, responds by establishing the security with UE-1.
4b. If the Target User Info is not included in the Direct Communication Request message, the UEs that are interested in using the announced ProSe Service(s) over a PC5 unicast link with UE-1 responds by establishing the security with UE-1.



Proposal 4:  
· Some destination UE information is carried on reference signal used for initial beam pairing.
· Some destination UE information is e.g., Target Application Layer ID (UE2’s App ID which is requested for a new unicast link) 

2.1.2.2. Which RS for before
One discussion point is which reference signal (RS) is applicable for the “before” case. We think RS and its feedback channel (signal) for initial beam pairing should be unified as beam maintenance/BFR for simpler/more efficient system design and easier UE implementation if it has no significant advantage. 
For beam maintenance, beam sweeping should be supported as a symbol level to achieve resource efficient and fast beam sweeping as discussed in a later section. For BFR, BFD based on measurements of periodic RSs (scheme2) should be supported to keep reliable unicast link. Note that we do not intend to deprioritize or preclude scheme1. In this sense, if RS inside of the shared/legacy resource pool is transmitted with beam sweeping as a symbol level or periodically, that would cause an AGC issue on data reception SL UEs and a resource exhaustion for communication SL UEs (or unreliable periodic RS transmission due to a collision with communication transmission) respectively.
Therefore, RS outside of the legacy RP is desired to support symbol level beam sweeping and periodic transmission. i.e., S-SSB or standalone CSI-RS. In case of RS in the legacy RP, L1 destination /source IDs are not determined before establishment of a unicast link, so the contents of SCI are indefinite, and DMRS and non-standalone CSI-RS are not feasible. 
Regarding a comparison between S-SSB and standalone CSI-RS, in both cases, some sequence and control information is needed to detect UE/beam ID and determine which transmission beam is best. In our view, standalone CSI-RS is slightly better choice thanks to the amount of modifications for beam pairing purpose. There is no need to adopt special sequence and slot structure (e.g., physical signal and physical channel are arranged in order) designed for efficient synchronization as a baseline. 

Proposal 5:  
· For initial beam pairing before unicast link establishment, support standalone CSI-RS as CSI-RS with physical layer control information in dedicated resource pool. 

Proposal 6:  
· For initial beam pairing before unicast link establishment, not support DMRS and non-standalone CSI-RS. 

2.1.2.3. When to transmit RS
Regarding when to transmit RS, we think a constant periodic RS transmission is a waste of resources and places a heavy burden on the transmitting UE, so aperiodic and/or semi-persistence transmission is preferred. 

At first, RAN1 should clarify the terminology aperiodic, semi-persistent and periodic transmissions. In RAN1 specifications, these are typically distinguished by how to trigger a transmission, by (PC5-)RRC, MAC CE, or PHY(DCI) respectively. Before DCR TX, SL UE cannot use these signalling to configure or trigger RS transmission. 

In this contribution, we use these terminology as follows:
Periodic: RS is always transmitted periodically.
Semi-persistent: RS is transmitted periodically and may be stopped/started transmitting. 
Aperiodic: RS is transmitted on demand.

When to transmit RS also depends on the initiation of initial beam pairing discussed in section 2.1.1. If we adopt initial beam pairing before unicast link including the category of (2) mentioned in section 2.1.1, higher layer indication to AS layer to transmit a DCR can be naturally used for a trigger of RS transmission for initial beam pairing.

Proposal 7:  
· Support aperiodic reference signal transmission for initial beam pairing, triggered by request for a DCR transmission from higher layer.
· Not support periodic reference signal transmission for initial beam pairing

If we adopt initial beam pairing before unicast link as only the category of (1) (though such a procedure is not our preference as stated in previous section), we think that there is no trigger for aperiodic RS transmission and thus the remaining possibility is only semi-persistent RS transmission. For semi-persistent RS transmission, there are a few choices activation or deactivation for semi-persistent RS transmission, such as the establishment of beam pairing for deactivation and after a certain period after the establishment for activation. 
That is to say, if beam pairing is performed without any initiations from higher layer, a SL UE may stop/deactivate RS transmission after establishing a beam pair with a certain UE (with a certain target App ID) and the SL UE may resume/activate RS transmission after a certain period of time after the establishment, as semi-persistent transmission.

2.1.3. During
RAN1 discussed the procedure and reference signal for initial beam pairing during unicast link establishment, and the following agreements were made in the previous meeting.
	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  


The motivation of this case would be that it is expected to make less impact on the specification and to be adopted if the performance of beam pairing by RS dedicated to initial beam pairing cannot be shown and/or if RAN1 find it difficult to identify each UE and dedicated RS resources before sending DCR (through consideration including sending an LS to SA or RAN2). UE IDs mentioned in the section 2.1.2.1 for beam pairing are also naturally determined by simply following the legacy procedure of the unicast link establishment.
Therefore, we believe it is acceptable to study this case in RAN1 but a lower priority than before case as discussed in section 2.1.1.

Proposal 8:  
· Deprioritize to study the case where initial beam pairing is performed during unicast link establishment.

Regarding which RS to be used, in the case of beam pairing with RS that transmits after or together with DCR transmission, the receiving UE monitors PSCCH first, so it can be performed almost in accordance with the legacy procedure, and SL CSI-RS is not needed.

Proposal 9:  
· Support PSSCH/PSCCH DMRS and not support CSI-RS for initial beam pairing performed during initial beam pairing.

2.2. Beam maintenance
RAN1 discussed beam maintenance in terms of CSI-RS structure, beam reporting and beam indication in the previous meetings.
2.2.1. CSI-RS structure
	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. 


Regarding non-standalone CSI-RS (CSI-RS with SL MAC SDU), in case of the shared/legacy RP, CSI-RS and PSSCH should be same TX beam within a slot to suppress AGC issue in a RX UE side. In our opinion, AGC issue is not negligible because TX beam switching can be with different panels (e.g., 180° opposite side), and then huge transmission power change would occur.

Proposal 10:  
· In the shared (legacy) resource pool, CSI-RS and PSSCH/PSCCH are same transmission beam within a slot.

For standalone CSI-RS as in new RP, beam sweeping should be supported as a symbol level to achieve resource efficient and fast beam sweeping for beam maintenance. To design unified framework for SL FR2, CSI-RS configured in a new RP should be also used for initial beam pairing and BFD. 

Proposal 11:  
· For beam maintenance, support standalone CSI-RS as CSI-RS with physical layer control information on PSCCH in dedicated resource pool.
· Support dedicated resources that are not overlap with the legacy resource pool for SL data transmissions and receptions, for multiple SL CSI-RS transmissions related to each transmission beam within one SL slot (intra-slot beam sweeping) 

2.2.2. Beam reporting
Regarding the beam reporting in sidelink unicast link, the following agreements were agreed. 
	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


We think beam reporting should be able to include enough information for RS TX UE to determine whether to change TX beam and which TX beam to be used. In that sense, one or multiple sets of L1-RSRP value and some beam ID are needed in beam reporting not only which beam is best, such as Uu beam reporting. 
In our view, the motivation of PSFCH for beam reporting would be fast processing and less reporting delay or failure thanks to the semi-static resource association compared to reporting on PSCCH/PSSCH due to the resource identification and potential collision.
At this stage, we are open to study on whether/how PSFCH that can carry multiple bits of information for beam reporting. However, considering the difficulty of ensuring to balance the amount of semi-static multiplexing and information on limited resources, at least, MAC CE signaling (at least on PSSCH) should be supported to carry enough information.

Proposal 12:  
· Support sidelink MAC CE for beam reporting in beam maintenance and it contains L1-RSRP and beam identification.

2.2.3. Beam indication
Regarding the beam indication in sidelink unicast link, the following agreement was agreed. 
	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


Whether PSCCH and PSSCH have same beam or not within a slot, we believe that different beams should not be assumed within a slot. The reason for using a different TX beam is that there is a better TX beam and PSCCH can be received by the current TX/RX beam pair, but PSSCH will not be received. However, the above case is rare, it takes a certain amount of time to switch a different beam, and there are AGC issues.

Proposal 13:  
· PSCCH and associated PSSCH always have the same TCI state within a slot.

Regarding beam indication framework, the following two mechanisms can be considered as sidelink beam indication according to the existing mechanism in Uu.
(1) UE1 (TX UE) determines its own transmit beam and indicates a preferred UE2’s receive beam (indicates UE1’s transmit beam indirectly) to UE2 (RX UE) as QCL type D (such as Uu Rel-15 TCI). 
(2) UE1 determines UE2’s transmit beam and indicates it to UE2 (such as Uu Rel-15 spatial relation or Rel-17 unified TCI).
Not according to the existing mechanism in Uu, there can be another candidate as follows:
(3) UE1 determines its own transmit beam and indicates it (indicates UE1’s transmit beam directly) to UE2 as a new beam indication 
In each framework, UE2’s behavior can be considered as (a) UE2 shall use the indicated receive/transmit beams or (b) UE2 may use them. 

In Uu, NW (gNB) is responsible for quality control, so the preferred DL receive beam and UL transmit beam are indicated by the gNB. In sidelink unicast link, the responsibility for packet quality control would be considered basically on the TX side. That can be seen from that the existing SL CSI-RS transmission/SL CSI report is triggered by TX UE implementation and the decision on the MCS/DMRS pattern to be used is also determined by TX UE implementation.
In short, it is better to adopt (1) or (3) and not to adopt (2) with (a). For (2)-(b), it would achieve more flexible framework, but in my current view, cases where the use of (2)-(b) is effective are limited. In many cases, UE1’s beam reporting is enough for UE2 to indicate which UE2’s TX beam is best.

Proposal 14:  
· Transmitter SL UE indicates its own transmit beam to receiver UE as a beam indication.
· FFS: A beam indication is defined as transmitter UE’s TX spatial parameters or receiver UE’s RX spatial parameters
· FFS: Need for an indication for an opposite SL UE’s transmit beam. i.e., need for Rel-17 unified TCI framework (or Rel-15 spatial relation framework)

2.3. Beam failure recovery
On the BFR mechanism, the following agreements were agreed in the previous meeting.
	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


In terms of BFI triggering mechanisms, we support both scheme 1 and scheme 2 above to provide flexible operation according to different requirements for SL FR2 unicast link such as reliable or resource/power efficient communication. 
Scheme 2 is useful for highly reliable unicast link communication. By using scheme 2 of BFR, a SL UE (UE1) that wants to keep reliable unicast link can transmit periodic RS and configure BFR to another SL UE (UE2). That enables UE2 periodically monitors the strength of beams and when the quality of the main beam decreases, both SL UEs can switch to another beam with better quality.
Meanwhile, the abovementioned operation in scheme 2 forces the SL UEs to consume more power and to lose receive occasions due to half duplex. It is not preferrable that all SL UEs which use BFR mechanism have to accept these disadvantages. 
In order to complement that, scheme 1 not relaying on the periodic RS, is also useful mainly for relatively power saving SL UE and/or SL UE which wants to balance its unicast link and other SL communications.

Proposal 15:  
· Support both scheme 1 and scheme 2 to trigger SL BFI, i.e., BFI based on sidelink HARQ feedback and measurement of reference signal.

As mentioned in the other sections, RS and its feedback channel/signal should be unified among initial beam pairing, beam maintenance and BFR if possible. Thus, we support CSI-RS for BFD and CBD. Although some options have been agreed and listed for each of BFRQ and BFRR, RAN1 should wait for the decision on RS and feedback channel/signal for initial beam pairing and beam maintenance.  

Proposal 16:  
· Support CSI-RS for BFD and CBD in BFI based on measurement of reference signal (scheme 2).

Proposal 17:  
· RAN1 should wait for a decision on the general SL initial beam pairing / maintenance framework to conclude BFRQ and BFRR mechanisms.

2.4. PSFCH TX/RX beam determination
	Proposal 4-1-a: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, down-select one of the two alternatives
· Alt 1: Only Option 1 is supported 
· Alt 2: Both Option 1 and Option 2 are supported
· FFS how to select between Option 1 and Option 2
· Note: 
· Option 1: PSFCH transmit/receive beam is derived from the corresponding PSCCH/PSSCH receive/transmit beam.
· Option 2: PSFCH transmit/receive beam is derived from PSCCH/PSSCH transmit/receive beam for the reverse data transmission. 


For PSFCH TX/RX beam determination, the point is whether PSFCH TX/RX beams determined by either method are more reliable at the timing of PSCCH/PSSCH reception. 
In Option 1, the PSSCH/PSCCH receive beam is of a certain reliable quality because it has just successfully received data, while in option 2, the transmit beam in the reverse unicast link would possibly be unreliable because it may have not been updated for a long time and be outdated. 
On the other hand, in some cases for option 2, the transmit beam in the reverse unicast link may be finer (i.e., better quality) than the transmit beam corresponding to PSFCH receive beam. 
At this stage, how/whether each TX/RX UE can determine PSFCH beam by which option is proper, and how/whether to align each UE’s understandings for Alt 2 are not still well studied. 
Also, which data TX UE or data RX UE determines PSFCH TX/RX beams depends on the beam determination/indication framework discussed in the section 2.2.3. We think it is too early to conclude which alternative is better and it deserves to further study including the general framework aspect.

Proposal 18:  
· RAN1 should wait for a decision on the general SL beam determination / indication framework to conclude PSFCH TX/RX beam determination.

2.5. Directional TX/RX/sensing issues in RA mode 2
According to the contributions in the previous meetings, it is almost common view to study enhancements of resource allocation enhancement and the case where multiple unicast links are established in one SL UE. Although these studies may be triggered after some progress of the studies on basic features such as initial beam pairing, beam maintenance, beam failure recovery for single unicast link. We emphasize that resource allocation enhancement is an essential and important topic to achieve useful SL FR2 system. For the case of one SL UE having multiple unicast links, as agreed in the evaluation methodology for SL FR2, cluster-based deployment of SL FR2 UEs is a typical case. 

The typical beam management operation on FR2 is specified as the spatial domain filters, which is assumed to realize analog beamforming. This implies only one specific spatial domain filter that has a specific direction can be applied at each moment. On the other hand, the current SL RA mode 2 mechanism relies on reservation signaling for the future resources and sensing it to avoid the collision on the same resource. Each SL UE performs reservation and sensing for each SL UE’s surroundings to ensure that its future transmission would not interfere with other SL UEs. In our view, it’s an important discussion point whether, transmission and reception with only a specific direction are adequate for the essential concept of reservation and sensing.
Assuming the existing concept of reservation and sensing, the current specification of resource allocation and sensing should be enhanced. For sensing, without any specification on RX spatial domain filter for sensing, SL UEs probably miss a lot of reservation signals and do not perform sensing properly. 
For reservations, all nearby SL UEs that can be interfered with future transmissions should be properly informed by reservation signals. That is, reservation signals and future transmissions are transmitted in a same manner i.e., same TX beam.

Proposal 19:  [bookmark: OLE_LINK6]
· Study how to determine reception beam to perform sensing.
· It is a baseline that a reception beam to perform sensing is beam corresponded to a transmission beam to be used for the transmission initiating the sensing.
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Figure 3: The image of sensing failure without RX beam spec.

Proposal 20:  
· SCIs reserving future resources and future data on the reserved resources are transmitted by same transmission beam.


When there are multiple RXs at the same time and if they are associated with different RX spatial domain filter, only either RX can be performed with the optimal RX spatial domain filter. For example, the remaining RX(s) is attempted with non-optimal RX spatial domain filter.

Proposal 21:  
· In RX UE side, study how to avoid the case to perform multiple RXs to use different RX spatial filters at the same time (one slot)

And even after TX/RX beams for the specific unicast link are determined, from the RX SL UE side, it is unclear which timing the RX UE should use the determined RX beam at. It is not rare case that a UE has connections with multiple UEs and accordingly the UE needs to switch RX beam often. In this case, even when the TX UE attempts a TX on a non-reserved resource, e.g., at slot n, the RX UE requires to know that the corresponding RX beam should be used at the slot n so that the TX is received successfully. Some enhancement mechanism for this purpose should be introduced.

Proposal 22:  
· RAN1 is to study how to determine one RX beam from multiple RX beam candidates for multiple unicast links in slot n, for a data reception from a specific TX UE at slot n, at least if the TX is performed on a non-reserved resource.
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Figure 4: The image of how RX UE determines to use the paired beam at slot n for a data reception


3. Conclusion
In this contribution, we discussed enhanced sidelink operation on FR2 licensed spectrum. Observations/Proposals are summarized as following: 

Proposal 1:  
· RAN1 clarifies the definition of ‘initial beam pairing before unicast link establishment” and “initial beam pairing during unicast link establishment”.

Proposal 2:  
· Initial beam pairing before unicast link establishment is defined as follows:
· Initial beam pairing is performed BEFORE the transmission of DCR regardless of higher layer indication to AS layer that requests a new unicast link establishment.
· Initial beam pairing during unicast link establishment is defined as follows: 
· Initial beam pairing is performed AT the same time as or AFTER the transmission of DCR before unicast link establishment.

Proposal 3:  
· Prioritize to study the following case over other cases.
· Initial beam pairing is initiated by higher layer indication to AS layer that requests a new unicast link establishment before DCR transmission.

Proposal 4:  
· Some destination UE information is carried on reference signal used for initial beam pairing.
· Some destination UE information is e.g., Target Application Layer ID (UE2’s App ID which is requested for a new unicast link) 

Proposal 5:  
· For initial beam pairing before unicast link establishment, support standalone CSI-RS as CSI-RS with physical layer control information in dedicated resource pool. 

Proposal 6:  
· For initial beam pairing before unicast link establishment, not support DMRS and non-standalone CSI-RS. 

Proposal 7:  
· Support aperiodic reference signal transmission for initial beam pairing, triggered by request for a DCR transmission from higher layer.
· Not support periodic reference signal transmission for initial beam pairing

Proposal 8:  
· Deprioritize to study the case where initial beam pairing is performed during unicast link establishment.

Proposal 9:  
· Support PSSCH/PSCCH DMRS and not support CSI-RS for initial beam pairing performed during initial beam pairing.

Proposal 10:  
· In the shared (legacy) resource pool, CSI-RS and PSSCH/PSCCH are same transmission beam within a slot.

Proposal 11:  
· For beam maintenance, support standalone CSI-RS as CSI-RS with physical layer control information on PSCCH in dedicated resource pool.
· Support dedicated resources that are not overlap with the legacy resource pool for SL data transmissions and receptions, for multiple SL CSI-RS transmissions related to each transmission beam within one SL slot (intra-slot beam sweeping) 

Proposal 12:  
· Support sidelink MAC CE for beam reporting in beam maintenance and it contains L1-RSRP and beam identification.

Proposal 13:  
· PSCCH and associated PSSCH always have the same TCI state within a slot.

Proposal 14:  
· Transmitter SL UE indicates its own transmit beam to receiver UE as a beam indication.
· FFS: A beam indication is defined as transmitter UE’s TX spatial parameters or receiver UE’s RX spatial parameters
· FFS: Need for an indication for an opposite SL UE’s transmit beam. i.e., need for Rel-17 unified TCI framework (or Rel-15 spatial relation framework)

Proposal 15:  
· Support both scheme 1 and scheme 2 to trigger SL BFI, i.e., BFI based on sidelink HARQ feedback and measurement of reference signal.

Proposal 16:  
· Support CSI-RS for BFD and CBD in BFI based on measurement of reference signal (scheme 2).

Proposal 17:  
· RAN1 should wait for a decision on the general SL initial beam pairing / maintenance framework to conclude BFRQ and BFRR mechanisms.

Proposal 18:  
· RAN1 should wait for a decision on the general SL beam determination / indication framework to conclude PSFCH TX/RX beam determination.

Proposal 19:  
· Study how to determine reception beam to perform sensing.
· It is a baseline that a reception beam to perform sensing is beam corresponded to a transmission beam to be used for the transmission initiating the sensing.

Proposal 20:  
· SCIs reserving future resources and future data on the reserved resources are transmitted by same transmission beam.

Proposal 21:  
· In RX UE side, study how to avoid the case to perform multiple RXs to use different RX spatial filters at the same time (one slot)

Proposal 22:  
· RAN1 is to study how to determine one RX beam from multiple RX beam candidates for multiple unicast links in slot n, for a data reception from a specific TX UE at slot n, at least if the TX is performed on a non-reserved resource.
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