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1. Introduction 
Sidelink evolution was discussed in RAN Workshop for Rel-19, and it was listed as an additional RAN1-led candidate topic in [1] with a note “If included, critical to focus on a limited set of possible areas addressing real commercial needs.”
This contribution discusses justification and objective of the potential Rel-19 WI for sidelink evolution.

2. Discussion
2.1. Sidelink carrier aggregation (CA) enhancement
Rel-18 WI is specifying sidelink CA with the following objective:
	1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to intra-band CA for the ITS band in FR1 (Band n47).
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
· Only Mode 2 operation
· Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues
· Time resources for PSFCH are aligned among the carriers for CA
· No enhancement related to SCI transmissions on PSCCH/PSSCH, PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16 (i.e., per-carrier operation)
· SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)
· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH
· No consideration for limited transmission and reception capability
· No primary/secondary carrier differentiation
· Reuse the LTE sidelink CA design for the following aspects:
· Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication
· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.
· Note: The SL CA work in Rel-18 mainly targets some V2X use cases



The bullets under this Rel-18 objective reflect that there are a lot of restrictions in supporting sidelink CA in order to address ITS requirements with a limited specification work. As there are more use cases requiring sidelink CA not fully addressed by Rel-18, it is necessary to consider further enhancements in Rel-19. In particular, automotive industry already indicated that sidelink CA is one of high priority topics in Rel-19 [e.g., 2 (indicated as “strongly recommended”), 3, 4] and also public safety sees the need for sidelink CA [e.g., 5].
Firstly, Rel-18 NR sidelink does not support Mode 1 operation with sidelink CA. This would lead to a conflict between a tighter network control and a wider sidelink bandwidth, thus, Rel-19 needs to consider specifying necessary signaling and procedure for Mode 1 operation with sidelink CA. For ITS use cases, at least those supported by LTE sidelink for V2X need to be included in Rel-19. In particular, handling limited transmission capability needs to be considered as it enables a low cost V2X device implementation (by sharing a single TX circuit for multiple ITS carriers). Also, this feature will be beneficial for other commercial and public safety use cases which also require supporting a large system bandwidth with a low device implementation cost. In addition, as Rel-18 sidelink CA is limited to intra-band CA for the ITS band in FR1 (Band n47), aggregation of other sidelink frequency bands to be supported by Rel-19 specifications (including unlicensed band and FR2) need to be supported as well.
Even though Rel-19 needs to consider widening the operation of sidelink CA as mentioned above, some Rel-18 restrictions are still valid and need to be kept in Rel-19 in order to avoid unnecessary workload. One example is “SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)” as this is in line with LTE sidelink CA and introduction of cross-pool resource selection/indication will cause a resource collision issue caused by, e.g., no SCI reception in the legacy UEs. Another example is “Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues” and “Time resources for PSFCH are aligned among the carriers for CA,” which can be kept the carriers aggregated in the same frequency band. The work can assume that sidelink TX/RX operation in a frequency band does not impact that in a different band, thus the half duplex problem and AGC issue can be limited to the carriers in the same frequency band. With these assumptions, no special handling is necessary for the half duplex problem and AGC issue in Rel-19 and a better coexistence with legacy UEs will be possible.

2.2. Sidelink beam management for FR2
Rel-18 is progressing a study on sidelink beam management with the following objective:
	3. [bookmark: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· [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.



[bookmark: _GoBack]Following the study outcome, normative work for sidelink FR2 is a natural step in Rel-19 as a means to support high data rate direct communication between two closely located devices. Such a need was indicated from the automotive perspective [e.g., 4 (indicated the need for unlicensed spectrum support as well)] in Rel-19 RAN workshop. It is noteworthy that there is considerable commercial interest in using such communication, and an example is wireless audio and video transmission from a connection box to a TV display using 60 GHz unlicensed spectrum which has been showcased in CES2023 [6, 7].
In terms of the work scope, Rel-18 study outcome should be the starting point, i.e., specifying sidelink beam management, including initial beam pairing, beam maintenance, and beam failure recovery, will be the main objective. Considering the market needs discussed above, sidelink operation in FR2 needs to target both FR2-1 and FR2-2; but it should be clarified that the specification needs to be flexible enough so that sidelink beam management can be naturally supported in FR1 as well. If Rel-19 supports FR1+FR2 sidelink CA, use of FR1 for the relevant signaling should be supported as it has a potential to reduce the beam management overhead and latency significantly with marginal specification impact. In addition to this, as discussed in related RAN1 discussion, the impact of sidelink beam management on the resource allocation can be studied and, if necessary, some enhancements can be specified. 
This work can also consider some restrictions to reduce the work load. An example is targeting unicast only, but in this case, un-optimized groupcast/broadcast (e.g., transmission repetition with UE-implementation-based beam sweeping without sidelink HARQ feedback) needs to be supported in the specification in order to address potential requirements for it (e.g., UE discovery transmission). Another example is about the sensing at the gNB in the unlicensed band operation, and Rel-18 assumption “In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.” needs to be kept because no related enhancements would be considered even for FR1 in Rel-19.

3. Conclusion
This document discussed possible scope of a potential Rel-19 sidelink evolution WI. It is proposed to consider the justification and scope summarized as follows:
· Justification
· ITS use cases
· Completion of sidelink CA work to make NR sideline comparable to LTE V2X specified in Rel-15 [e.g., 2, 3, 4]
· Public safety use cases
· Sidelink CA for wider bandwidth [e.g., 5]
· Commercial use cases
· Sidelink FR2 for high rate direct inter-device communication [e.g., 4, 6]
· Sidelink CA to facilitate sidelink operations in various frequency bands
· WI scope
· Sidelink carrier aggregation enhancements
· Mode 1 support
· Handling limited transmission capability, by reusing the LTE solution
· This includes sidelink HARQ feedback enhancement to handle the reception of PSCCH/PSSCH in a carrier in which the RX UE has no TX capability.
· The Rel-18 assumption “SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)” is kept.
· Support of new band combinations, including
· Aggregation of carriers other than those in n47, including unlicensed band carriers
· Inter-band carrier aggregation including FR1+FR2
· The Rel-18 assumption “Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues” and “Time resources for PSFCH are aligned among the carriers for CA.” apply to the carriers in the same frequency band.
· Sidelink beam management
· Support of initial beam pairing, beam maintenance, and beam failure recovery
· When FR1+FR2 carrier aggregation is applicable, use of FR1 for the relevant signaling should be supported.
· Study the impact on the resource selection in Mode 2 and specify necessary enhancements, if any.
· Target both FR2-1 and FR2-2, without precluding the possibility of applying the specified beam management to FR1.
· Focus on unicast while supporting broadcast/groupcast without optimization (e.g., no sidelink HARQ feedback for groupcast, no beam pairing procedure for broadcast/groupcast, etc.).
· The Rel-18 assumption “In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.” is kept.
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