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1. Introduction
At the RAN1#111 meeting, there was discussion on enhanced sidelink operation on FR2 licensed spectrum regarding the evaluation mythology. In this contribution, we share our views on enhanced sidelink operation on FR2 licensed spectrum. At RAN#98bis-e meeting, the objectives are updated as follows [1].

	1. Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· Study is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. [RAN1, RAN2]
· Beam management in FR2 licensed spectrum considers sidelink unicast communication only.



2. Discussion
2.1. High-level consideration
The objectives of this topic are to support SL beam management by reusing existing sildeink CSI framework and reusing Uu beam management concepts wherever possible. In our view, in outline, sidelink beamforming procedure is considered as shown in below figures.
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Figure 1: SL beamforming high-level procedure of our assumption

Given the above high-level procedure, the following considerations should be studied.
· How to determine initial beam pair (possibly before PC5-RRC connection establishment is completed)
· How to exchange/use the beam-related parameters such as beam identity/indication, measurement/report configuration
· How to perform resource allocation/sensing using the specific TX/RX beam(s)

Proposal 1:  
· Study the following perspectives for SL-FR2
· How to determine initial beam pair (possibly before PC5-RRC connection establishment is completed)
· How to exchange/use the beam-related parameters such as beam identity/indication, measurement/report configuration
· How to perform resource allocation/sensing using the specific TX/RX beam(s)

2.2. Initial beam pairing
At first, in this section, we discuss the initial beam pairing such as the definition of “initial beam pairing” terminology and the related procedure. In our view, “initial beam pairing” is the procedure between two SL UEs until the TX and RX beams are determined that is intended to transmit and receive at least the first PSCCH/PSSCH for PC5-S connection establishment. 
Under this assumption, it seems while PC5-S and PC5-RRC signalling is needed to establish the unicast link between two SL UEs, in this topic only SL FR2 communication is assumed (i.e., it is assumed that there is no other link like SL FR1 communication). PC5 C-Plane signalling is transmitted via beamformed FR2 channels. Before PC5-RRC connection, there is little information about the opponent’s beam that can be used to determine the initial TX/RX beams in each SL UE. Thus, initial beam pairing should be performed by sweeping TX/RX beams not relying on the information shared in advance. What channel or signal should be transmitted by sweeping beams is FFS. 
To sweep TX/RX beams, some channel or signal should be transmitted repeatedly with the contents of transmission kept and with the beam identity changed. But the current sidelink reference signal/physical channel structures are not assumed for beam sweeping. Further study on how to do this operation is necessary.

Observation 1: 
· It is infeasible that initial beam pairing for unicast link of 2 SL UEs is performed relying on the information shared in advance.

Proposal 2:  [bookmark: OLE_LINK1]
· Study TX/RX beam sweeping mechanism for initial beam pairing
· E.g., Using S-SSB beam sweeping or initial PSSCH/PSCCH beam sweeping
Proposal 3:  [bookmark: OLE_LINK2]
· Study resource structures of S-SSB and/or resource pool for beam sweeping.

2.3. Beam maintenance and failure recovery
After initial beam pairing is completed, PC5 C-Plane signaling would be exchanged using the initial TX/RX beams. Once PC5-RRC connection is established, a certain amount of information related to the beam configuration of each SL UE can be exchanged between the two UEs. The beam-related parameters such as beam measurement, beam reporting, or beam identity are needed to maintain, refine, or recover the unicast beam-pair. Therefore, RAN1 should discuss how to identify the beam (including how to associate each beam with the specific reference signal/channel) and how to configure to measure and report the strength of each beam. Following the description of WID’s objectives, CSI framework in sidelink, (unified) TCI state, or spatial relation info in NR Uu are baseline.
For beam measurement/report, we believe that SL CSI-RS should be available as in NR Uu. In the current NR SL CSI framework, CSI-RS is only transmitted being multiplexed with PSSCH. That should be enhanced to measure the specific beam strength or indicate the specific beam identity in more flexible and efficient manner.

Proposal 4:  [bookmark: OLE_LINK4]
· Study whether/how to define reference beam/signals to measure the beam strength for beam maintenance/failure recovery
Proposal 5:  
· Study whether/how to introduce SL CSI-RS only transmission (not multiplexing with PSSCH) as the reference to measure the specific beam strength or indicate the specific beam identity

2.4. Analog beam restriction on SL RA mode 2
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.

Proposal 6:  [bookmark: OLE_LINK5]
· Discuss whether the current concept of SL RA mode 2 should be kept even for the beamformed (directional) TX or other concepts should be introduced.
· Discuss whether reservation signal TX and sensing RX with only a specific direction is adequate or not.

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 resource allocation, without any specification on resource selection considering TX/RX spatial domain filter, 
· From TX UE side, when there are multiple TXs at the same time and if they are associated with different TX spatial domain filter, only either TX can be performed with the optimal TX spatial domain filter. For example, the remaining TX(s) is dropped.
· From RX UE side, 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 7:  [bookmark: OLE_LINK6]
· Study how to select/specify RX spatial domain filter to perform sensing.
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Figure 2: The image of sensing failure without RX beam spec.

Proposal 8:  
· In TX UE side, study how to avoid the case to perform multiple TXs to use different TX spatial filters at the same time (one slot)
· 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)
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Figure 3: The image of being impossible for simultaneous TXs in one slot with different TX beams from TX UE side


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 9:  
· For a data reception from a specific TX UE at slot n, study how RX UE determines to use the paired beam 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:  
· Study the following perspectives for SL-FR2
· How to determine initial beam pair (possibly before PC5-RRC connection establishment is completed)
· How to exchange/use the beam-related parameters such as beam identity/indication, measurement/report configuration
· How to perform resource allocation/sensing using the specific TX/RX beam(s)
Observation 1: 
· It is infeasible that initial beam pairing for unicast link of 2 SL UEs is performed relying on the information shared in advance.
Proposal 2:  
· Study TX/RX beam sweeping mechanism for initial beam pairing
· E.g., Using S-SSB beam sweeping or initial PSSCH/PSCCH beam sweeping
Proposal 3:  
· Study resource structures of S-SSB and/or resource pool for beam sweeping.
Proposal 4:  
· Study whether/how to define reference beam/signals to measure the beam strength for beam maintenance/failure recovery
Proposal 5:  
· Study whether/how to introduce SL CSI-RS only transmission (not multiplexing with PSSCH) as the reference to measure the specific beam strength or indicate the specific beam identity
Proposal 6:  
· Discuss whether the current concept of SL RA mode 2 should be kept even for the beamformed (directional) TX or other concepts should be introduced.
· Discuss whether reservation signal TX and sensing RX with only a specific direction is adequate or not.
Proposal 7:  
· Study how to select/specify RX spatial domain filter to perform sensing.
Proposal 8:  
· In TX UE side, study how to avoid the case to perform multiple TXs to use different TX spatial filters at the same time (one slot)
· 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 9:  
· For a data reception from a specific TX UE at slot n, study how RX UE determines to use the paired beam at slot n, at least if the TX is performed on a non-reserved resource. 
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