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1	Introduction
3GPP NR sidelink specification started from Rel-16 via the NR V2X SI [1] and 5G V2X with NR sidelink WI [2] to support advanced V2X services over the NR PC5 and Uu interfaces. The solutions included in NR sidelink are primarily being specified for vehicle-to-everything (V2X), although they can also be used for public safety when the service requirements are met.
After that, further enhancement of resource allocation and sidelink DRX for broadcast, groupcast and unicast are considered. A single-hop sidelink based L2 and L3 based UE-to-Network relaying is also specified in Rel-17. In Rel-18, WI for sidelink unlicensed and NR sidelink co-existence with LTE sidelink, SI for FR2 beam management enhancement are being worked on now. Enhancement of sidelink carrier aggregation is also planned to start at the end of the last WG meeting.
In this contribution, the scope of WI for further enhancement of sidelink in Rel-19 is discussed.
2	Discussion
2.1 Motivation & use cases
3GPP, the standards organization, has been focusing on the development of sidelink technology, an innovative solution for direct User Equipment (UE) to UE communication, since the advent of LTE. With Release 16, the focus shifted to New Radio (NR) sidelink, chiefly to enhance Vehicle-to-Everything (V2X) services related to road safety. The design objective revolves around supporting broadcast, groupcast, and unicast communication forms, applicable in both out-of-network coverage and in-network coverage scenarios. Consequently, terminologies such as sidelink unicast, sidelink groupcast, and sidelink broadcast have been introduced, illustrating their coexistence within a single carrier.
In Release 17, power saving has been prioritized as it is crucial for User Equipment (UEs) with battery limitations, enabling more energy-efficient sidelink operations. Previously, the design of sidelink UEs was based on an 'always-on' assumption, primarily focusing on devices installed in vehicles with ample battery capacity. However, Release 17 introduces power-saving solutions essential for Vulnerable Road Users (VRUs) in Vehicle-to-Everything (V2X) scenarios, as well as UEs in public safety and commercial contexts where minimizing power consumption is a key point.
Since Release 18, 3GPP has identified the need for higher data rates, enhanced reliability, and reduced latency in sidelink use cases. This is to better support the sensor sharing services of advanced V2X services and emergence of Augmented Reality/Virtual Reality (AR/VR) interactive and gaming services, which often demand very low latency and high data rate communication over sidelink directly between devices. At the same time, communication reliability and latency performance of the sidelink also need to be enhanced as the legacy sidelink system may face challenges in ensuring high reliability and low latency under certain conditions, for instance, when the channel is relatively busy. Therefore, solutions that enhance reliability and reduce latency are necessary to continue providing use cases that demand high reliability and low latency under such communication conditions. With all these considerations, in Release 18, a Work Item (WI) for sidelink unlicensed and New Radio (NR) sidelink co-existence with Long-Term Evolution (LTE) sidelink and a Study Item (SI) for Frequency Range 2 (FR2) beam management enhancement are being worked on. Enhancement of sidelink carrier aggregation is also planned to start at the end of the last Working Group (WG) meeting.
It is expected that higher data rate, enhanced reliability, and reduced latency in sidelink continue to be the major sidelink use case in Rel-19, especially considering the continuity of the Rel-18 SI works.

Proposal 1: In Rel-19, continue the enhancement to support higher data rate, enhanced reliability, and reduced latency in sidelink.
2.2 Rel-19 WI
2.2.1 Carrier aggregation
Carrier aggregation is an important technique to enhance both data rate and transmission reliability.  In RAN#93, the original scope of CA enhancement is agreed as follows: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, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· 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)


However, as the WI completion level is behind schedule, it was decided that the available TU is not sufficient to complete all the original objectives. In RAN#99, a watered-down version of the CA scope was agreed upon, with possible further revisions that will be discussed in RAN#100. 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
· 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

Although this watered-down version is a compromise solution, it is still highly questionable whether the objective can be completed on time within Rel-18, considering there is only one RAN1 meeting before the start of the objective. And there are still many remaining issues on other SL objectives in the last RAN1 meeting, it is deemed that at most 1 TU can be allocated to CA objective. With this fact, unless many specification details are incorrectly left to the CR stage, it is impossible to finish the objective in RAN1 with just one WG meeting. More importantly, with so many exclusions and restrictions, it is almost certain that the features in the release will have very low value and benefit, if any. Therefore, it's unlikely that serious consideration for implementation and deployment will exist. For example, the enhancement to SL HARQ is vital for supporting reliability, and cross-scheduling is a necessary feature to enable diverse use-cases of CA. These are all excluded in the watered-down version. 
The fate of the CA objectives will be further discussed in RAN#100, but even it was decided to start at the last meeting of Rel-18, it is still necessary to continue to work on a usable version in Rel-19 with the following objectives.

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, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· This feature is backwards compatible in the following regards
Note:   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)

Proposal 2: For Rel-19 sidelink enhancement WI, include the following CA objectives:
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, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· This feature is backwards compatible in the following regards
Note:   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)

2.2.2 FR2 enhancement WI
NR Rel-15 defines two frequency ranges for operation, FR1 spanning from 410MHz to 7.125GHz while FR2 spanning from 24.25GHz to 52.6GHz. Rel.16 V2X SI decided to support both FR1 and FR2 with a common design. However, beam management for FR2 was not part of Rel.16 WI due to the limited TU time. As a result, FR2 sidelink can only work with wide beams, thus resulting in sub-optimal performance. For example, the sidelink operations on FR2 may suffer from high pathloss and wide spread dynamic blockage. In Rel-18, the following is agreed as a SI phase in the SL WI:
3.	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)
-	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]
o	Beam management in FR2 licensed spectrum considers sidelink unicast communication only.

The above objectives are the result of consideration of trade-off between industry requirement and available TU for this SI in Rel-18. But due to late start and short online discussion time, only some high-level and generic principles/procedures on beam management are agreed with many potential alternatives to be down-selected. Many details are still not discussed with only one WG meeting before the scheduled completion date. Also, during the SI discussion, it was discovered that original scope is too restrictive which excludes all the possible enhancements outside beam management, the basic support. But to fully utilize the potential benefits of beam forming, other aspects of enhancement which closed correlated with beam management also need to be considered. For example, NR SL resource allocation enhancement was originally designed without the consideration of beam management. Also, support for groupcast & broadcast was excluded. All these useful aspects should be considered within the Rel-19 WI. Even if the Rel-18 SI is declared ‘finished’ at the end the release, it is still necessary to add a study phase for the aspects that were not touched during Rel-18. The following is the proposed objectives:
  Study and specify enhanced sidelink operation on FR2 licensed spectrum.
· Based on the result of Rel-18 SI, finish normative work on sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc)
· Study and specify further enhancement for the support of sidelink operation on FR2, including.
· Resource allocation enhancement for beam-based transmission
· Groupcast & broadcast support
· Multi-beam support

Proposal 3: For Rel-19 sidelink enhancement WI, include the following FR2 enhancement objectives:
  Study and specify enhanced sidelink operation on FR2 licensed spectrum.
•	Based on the result of Rel-18 SI, finish normative work on sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc.)
•	Study and specify further enhancement for the support of sidelink operation on FR2, including.
· Resource allocation enhancement for beam-based transmission
· Groupcast & broadcast support
· Multi-beam support
2.2.3 WI TU considerations
Rel-19 is at the end of major cycle of the 5G evolution. Companies have brought up lots of interesting proposal that aim to have impact in the long-term evolution all the way to Rel-20. Addressing all of these motivations does not mean that every proposed enhancement will be supported; only the top prioritized enhancements in each area should be considered, in terms of benefit and efforts required. 

Sidelink enhancement is an important aspect of this big integral effort. The objectives should be carefully selected, and they should also be as specific as possible. Ideally, sidelink enhancement should be considered with the background of the overall evolution path to 6G. The objectives accepted in the end should be relatively straightforward, achievable and within the TU budget of each WG group. A long laundry list of enhancements should be avoided. 

Proposal 4: Rel-19 sidelink enhancement should be carefully planned with consideration of WG capacity.
4	Conclusion
In this contribution, we share our views on sidelink enhancement in Rel-19. The proposals are summarized in the following. 

Proposal 1: In Rel-19, continue the enhancement to support higher data rate, enhanced reliability, and reduced latency in sidelink.

Proposal 2: For Rel-19 sidelink enhancement WI, include the following CA objectives:
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, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· This feature is backwards compatible in the following regards
Note:   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)

Proposal 3: For Rel-19 sidelink enhancement WI, include the following  FR2 enhancement objectives:
  Study and specify enhanced sidelink operation on FR2 licensed spectrum.
•	Based on the result of Rel-18 SI, finish normative work on sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc.)
•	Study and specify further enhancement for the support of sidelink operation on FR2, including.
· Resource allocation enhancement for beam-based transmission
· Groupcast & broadcast support
· Multi-beam support

Proposal 4: Rel-19 sidelink enhancement should be carefully planned with consideration of WG capacity.
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