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1. Introduction
At the RAN1#112bis-e 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
2.1.1. Procedure for initial beam pairing
At the previous meeting, the relationship between PC5 unicast link establishment and SL initial beam pairing was discussed, and the following agreements were made on the three types of procedures.
	Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, including at least the following steps and how to determine UE2:
· UE1 sends reference signals via different transmit beams
· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied
· FFS when reference signals are sent
· FFS applicable reference signal
· UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam 
· FFS:whether/how to determine a UE2 transmit beam 
· UE2 indicates to UE1 the determined UE1 transmit beam 
· FFS how to indicate the determined transmit beam, including its feasibility
· UE1 and UE2 set up sidelink unicast link using the determined beam, following existing link establishment procedure. 
Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment
UE1 sends PSCCH/PSSCH that carries unicast link establishment message (e.g., DCR message) via different transmit beams 
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· FFS: applicable reference signals which are transmitted together with unicast link establishment message.
· if UE2 successfully decodes one (or more) of the PSCCH/PSSCH(s) and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of PSCCH/PSSCH(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each PSCCH/PSSCH and UE1 transmit beam
· FFS: how UE2 determines UE1 transmit beam(s) and/or UE2 transmit/receive beam(s)
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2
· FFS: how UE1 determines one of the indicated beam(s) 
· FFS: use of additional reference signal or additional messages or additional measurement for efficient beam pairing.
 
Agreement
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2, including studying whether and in which cases initial beam pairing after sidelink unicast link establishment is feasible. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS the beams used for unicast link establishment.
· UE1 and/or UE2 configure the resources for beam sweeping and/or beam reporting
· FFS details of resources configuration
· UE1 and/or UE2 use the configured resources to transmit reference signals and determine a pair of transmit beam and receive beam based on beam sweeping.
· FFS applicable reference signal(s)
· FFS whether/how to indicate the determined beams between UE1 and UE2
· FFS difference between initial beam pairing (after sidelink unicast link establishment) and beam maintenance


Regarding the procedure where initial beam pairing is performed after PC5 unicast link establishment, we believe that there is no difference between this procedure and the procedure of beam maintenance, so no further study is needed. 
For the agreement to study whether and in which cases is feasible, we believe that this case is feasible only when two SL UEs are very closely located. In such a case, it may be possible that these SL UEs communicate each other e.g., with omni-directional beams determined by UE implementation. Meanwhile, we do not think the other case (i.e., two UEs are relatively far apart) is feasible. The coverage of SL FR2 unicast link without any specified beam pairing procedures is quite poor, and thus it would be difficult for these UEs to detect each other. As a result, these UEs cannot establish unicast link.
Then for the feasible case, our view is that common design of “beam maintenance” is sufficient and dedicated design is unnecessary. RAN1 should conclude that “beam maintenance” is designed regardless of whether/when initial beam pairing is performed. That is, beam maintenance is the procedure performed not only after initial beam pairing that is explicitly specified for SL FR2 but also after PC5-RRC connection establishment with spatial filters including omni-directional beams determined by UE implementation. Our understandings about the relationship of initial beam pairing and beam maintenance for each procure and the scope of SL FR2 study is shown in Figure1.

Observation 1: 
· There is no difference between initial beam pairing after sidelink unicast link establishment and beam maintenance

Proposal 1:  
· The case where initial beam pairing after unicast link establishment is concluded to be same as beam maintenance after initial beam pairing before or during unicast link establishment.
· Further study is not needed for initial beam pairing after unicast link establishment
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Figure 1: The relationship of initial beam pairing and beam maintenance for each procure and the scope of SL FR2 study

2.2. Beam maintenance
To clarify the scope of studying beam maintenance procedure, it should be confirmed that it is performed only after PC5-RRC connection is established. Beam maintenance is assumed to use PC5-RRC parameters related to the spatial related information, the resource configuration of reference signal or measurement/report configuration.
Proposal 2:  
· SL beam maintenance procedure is performed after PC5-RRC connection establishment procedure.	

As discussed in the above topic, studying the case where initial beam pairing after unicast link establishment is needed:
Proposal 3:  
· SL beam maintenance (management) procedure is designed regardless of whether/when initial beam pairing is performed.

On which reference signal is used for beam maintenance, the following agreement was made in the previous meeting. 
	Agreement
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS
· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone SL CSI-RS transmissions
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams


For the details of SL CSI-RS for beam maintenance, the discussion points are whether to support CSI-RS only TX, multiple beam CSI-RS TX within one slot (intra-slot beam sweeping), and periodic CSI-RS TX or repeating CSI-RS TX with the same beam. 
We believe that whether to support intra-slot beam sweeping and/or CSI-RS only transmission is more important topic, which may change the SL resource/slot structure and cause a lot of PHY layer spec. impact. Whether to introduce the periodic or repetitive CSI-RS transmissions would be the issue mainly related to the higher layer signaling structure. In our view, the advantages of CSI-RS over DMRS or S-SSB appear to be the flexibility of transmission timing and possible resource efficiency for transmitting multiple beams. If CSI-RS TX for beam maintenance is only allowed to be multiplexed with data (MAC PDU) and applied to the same beam within a slot, it is not much different from the situation where each data TX is repeatedly transmitted with beam sweeping and RX UE performs the feedback to TX UE by measuring the strength DMRS of each beam i.e., DMRS for beam maintenance. Related issues are discussed below.
Observation 2: 
· The advantages of SL CSI-RS for SL beam maintenance are minimum and flexible resources to maintain the paired beam. 

Proposal 4:  [bookmark: OLE_LINK4]
Support standalone SL CSI-RS and multiple SL CSI-RS transmissions within one slot (intra-slot beam sweeping).

Note that performing TX beam sweeping would change the receive power from the perspective of surrounding RX UEs (not a beam measuring UE) and if without AGC symbol, which leads to AGC issue in surrounding SL UEs trying to perform sensing or data reception. 
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Figure 2: AGC issue by intra-beam sweeping

There would be two main directions to solve the above AGC issue. One is introducing additional AGC symbol within SL slot mainly for intra-slot beam sweeping. Second is that SL CSI-RS transmissions with intra-beam sweeping and SL data transmissions are separated in time domain. In our view, the former direction makes load on data reception SL UE to adjust AGC within slots in several times. And if additional AGC symbols are introduced, anyway legacy SL FR2 UE cannot receive data in that slot. 
On the other hand, as the latter direction, by configuring new dedicated resources for multiple SL CSI-RS transmissions (with beam sweeping) such that they do not overlap with the existing resource pool, there is no effect on both new SL FR2 UEs being capable of beam management and legacy SL FR2 UEs to receive SL data transmissions.
Proposal 5:  
· Study dedicated resources that are not included in resource pool for SL data transmissions and receptions, for multiple SL CSI-RS transmissions that are related to each transmission beam within one SL slot (intra-beam sweeping) 

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



Regarding the criteria of beam failure instance, L1-RSRP seemed to be major opinion, thus the following FL’s proposal was made but not agreed.
	Proposal 3-1-i: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD
· Note: this scheme follows the principle of sidelink RLF.
· FFS any other enhancements
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· Other options are not precluded.
· FFS: whether/how to down-select among options, or to prioritize the study of Scheme 2.  


We believe that which scheme is more appropriate depends on whether periodic/frequent reference signals (beams) are transmitted. If periodic/frequent reference signals are present, RX SL UE can monitor the strength of each beam (e.g., L1-RSRP) intermittently and, if BFR is triggered, search for a new candidate beam based on periodic/frequent reference signals.
If periodic/frequent RSs are not supported or configured, the BFI criteria can only be transmission failure (e.g., HARQ DTX). At this stage, the concept of beam maintenance is not concreted and decided and, in our view there is a possible situation for SL FR2 communication not configured with periodic/frequent RS to keep beam pairing, thus these two schemes should be equally studied and supported.

Proposal 6:  
· Support both options of schemes to trigger SL BFI, based on sidelink HARQ feedback and measurement of reference signal at this stage.
· No prioritization of scheme 2.

2.4. 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 7:  [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 8:  
· 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 9:  
· 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 10:  
· 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: 

1. 
· There is no difference between initial beam pairing after sidelink unicast link establishment and beam maintenance
1. 
· [bookmark: _Hlk135045537]The case where initial beam pairing after unicast link establishment is concluded to be same as beam maintenance after initial beam pairing before or during unicast link establishment.
· Further study is not needed for initial beam pairing after unicast link establishment
1. 
· SL beam maintenance procedure is performed after PC5-RRC connection establishment procedure.
1. 
· SL beam maintenance (management) procedure is designed regardless of whether/when initial beam pairing is performed.

Observation 4: 
· The advantages of SL CSI-RS for SL beam maintenance are minimum and flexible resources to maintain the paired beam. 
Proposal 14:  
· Support standalone SL CSI-RS and multiple SL CSI-RS transmissions within one slot (intra-slot beam sweeping).
Proposal 15:  
· Study dedicated resources that are not included in resource pool for SL data transmissions and receptions, for multiple SL CSI-RS transmissions that are related to each transmission beam within one SL slot (intra-beam sweeping) 
Proposal 16:  
· Support both options of schemes to trigger SL BFI, based on sidelink HARQ feedback and measurement of reference signal at this stage.
· No prioritization of scheme 2.
Proposal 17:  
· 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 18:  
· SCIs reserving future resources and future data on the reserved resources are transmitted by same transmission beam.
Proposal 19:  
· 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 20:  
· 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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