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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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 being specified mainly for vehicle-to-everything (V2X), while they can also be used for public safety when the service requirement can be met. 
In Rel-17, further enhancement of resource allocation and sidelink DRX for broadcast, groupcast and unicast. A single-hop sidelink based L2 and L3 based UE-to-Network relaying is also being specified in Rel-17.
In this contribution, the motivation and potential technical enhancements for further enhancement of sidelink in Rel-18 are discussed.
Discussions
Motivation & new use cases

3GPP has been developing standards for sidelink as a tool for UE to UE direct communication which is required in various use cases since LTE. Started from Rel-16, NR sidelink has been developed and mainly focused on supporting V2X related road safety services. The design goal is to provide support for broadcast, groupcast and unicast communications in both out-of-coverage and in-network coverage scenarios. Correspondingly, sidelink unicast, sidelink groupcast, and sidelink broadcast are defined as well as coexistence among them in a carrier.
Since Rel-17, use cases and motivation for power saving, enhanced reliability and reduced latency have been identified. Power saving enables UEs with battery constraint to conduct sidelink operations in a more power efficient manner. Previously, sidelink UE is designed based on the assumption of “always-on” when UE operates, e.g., only focusing on devices installed in vehicles with sufficient battery capacity. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases, where power consumption in the UEs needs to be minimized. On the other hand, enhanced reliability/reduced latency allow the support of URLLC-type sidelink use cases in wider operation scenarios. This is because system level reliability and latency performance of sidelink is affected by the communication conditions such as the wireless channel status and the offered load, and Rel-16 NR sidelink is expected to have limitation in achieving high reliability and low latency in some conditions, e.g., when the channel is relatively busy. Solutions that can enhance reliability and reduce latency are required in order to keep providing the use cases requiring low latency and high reliability under such communication conditions. 
Another use case address in Rel-17 is reflected in the study item “Study on NR Sidelink Relay” that was carried out in RAN2, which covers enhancements and solutions necessary to support UE-to-network relay coverage extension.  After that study,  a WI to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying is also approved.
Rel-18 will be the next important step in the 5G evolution, considering relatively short and limited scope of the Rel-17. The time has come to seriously consider all the studies and ideas for all the long-term topics that could have important impact all the way to Rel-20. These will include eMBB evolution, verticals development and all the new areas/use cases that show up.

For sidelink evolution, one of the most important aspect is the use case for high data rate. In fact, TS 22.186 defines data-rate requirements for diverse advanced V2X scenarios. For sensor information sharing between UEs supporting V2X applications, requirement of 1000 Mbps data rate within 50m communication range is presented with reliability of 99.99%. This will require extra-high data rate sidelink communication. And the aggregated data rate will be a challenge for the industry, especially when there are many vehicles in the given geographical area. 
The use case for increase data rate is also evident with the emergence of more use cases for eMBB application and vertical industry, such as wireless video monitoring / surveillance, enhanced eMBB coverage and indoor experience.  For example, interactive service defined in SA1 TR22.842 can benefit from sidelink communication greatly. 
For such use cases, continued NR sidelink evolution should be focused on enhancement for higher data rate. For example, commercial use case defined in TR22.842 to exchange information will become more and more popular. New emergence such as extended reality (XR) and cloud gaming, are example of the most important 5G media applications under consideration in the industry. Continued evolution of NR sidelink should be able support these applications which demands high throughput and low latency,  in line with the requirements posed by the support of XR and Edge Computing applications in NR networks.  This could further requires sidelink device support high data rate in the range of 1Gbps to 10Gbps.  Increased data rate, spectral efficiency enhancement, support of new carrier frequencies and operation scenarios are important to satisfy the above use cases.

Proposal 1:  Rel-18 sidelink enhancement should focus on the evolution of 5G vertical applications and address the urgent requirement for high data rate from new use-cases.

Carrier aggregations
CA is an important technique to enhance both data rate and transmission reliability. The Rel-16 NR V2X considers a single carrier for the sidelink transmission and reception. For further evolution and to satisfy the high data rate requirement of these new use cases discussed previously, carrier aggregation can be standardized quickly and efficiently. In fact, the scenarios of CA in Rel-15 LTE SL can be the starting point. Beside data rate improvement, for sidelink multi-carrier operations, packet duplication is also an efficient way to enhance reliability, which should also be another motivation of R-18 sidelink enhancement. Note there are varieties of devices exist in commercial and critical communications use cases, and some of the devices could have different TX and RX capabilities. CA operation by these devices should be specially considered and evaluated.

In case of carrier aggregation, multiple carriers may have different numerologies based on sidelink configuration. In order to improve data rate, all sidelink carriers, some of them with different numerologies, should be evaluated and could be aggregated.  Aggregation between different frequency ranges should also be a very important aspect, such as FR1+FR1/2, FR1+FR2/FR2.x.  Some of the related details could include cross-carrier control, carrier (re-)selection, multiple sidelink BWP, and related synchronization procedure across different carriers etc.
Proposal 2:    Carrier aggregation support for sidelink should be prioritized in Rel-18.

FR2/FR2x enhancement

NR Rel-15 defined 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 resulted in sub-optimal performance. For example, the sidelink operations on FR2 may suffer from high pathloss and easy dynamic blockage. 

The extremely high data rate requirement identified in TR 22.886, TS 22.186 and TR 22.842 make the utilization of FR2 enhancement urgent. Considering there is a lot of available spectrum in mmW, this could be used to significantly to increase data rate.  In fact, with the introduction of multi-panel in vehicle, sidelink beam management and multi-panel selection support will be extremely useful. In Rel-18 NR SL evolution, some optimizations in FR2 in these area can be considered. Moreover, fast beam tracking and beam recovery for mobility to achieve better spectrum efficiency, especially for high mobility UEs, is also beneficial.  


Much wider bandwidth can be obtained in higher frequency band to achieve high data rate.  The proximity of the frequency range (57-71GHz) to FR2 and the imminent commercial opportunities for high data rate communications makes it compelling for 3GPP to address NR operation in this frequency regime in Rel-17. With the completion of Rel-17 work item of FR2.x, the utilization of this frequency range could also be considered for sidelink operations.

Proposal 3:    Sidelink enhancement for FR2/FR2.x can be considered in Rel-18.

WI time unit/ time line considerations 

Rel-18 is the start of the second 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 5G evolution path. The objectives accepted in the end should be relatively straightforward and achievable in the sense of both time line and should be within the TU budget of each WG group. A long laundry lists of enhancements should be avoided. 

Proposal 4:    Rel-18 sidelink enhancement should be carefully planned with moderate capacity.
Conclusion
In this contribution, we analyze the use cases and the potential standardization works for sidelink enhancement in Rel-18.  We have the following proposal,
Proposal 1:  Rel-18 sidelink enhancement should focus on the evolution of 5G vertical applications and address the urgent requirement for high data rate from new use-cases.
Proposal 2:    Carrier aggregation support for sidelink should be prioritized in Rel-18.
Proposal 3:    Sidelink enhancement for FR2/FR2.x can be considered in Rel-18.
Proposal 4:    Rel-18 sidelink enhancement should be carefully planned with moderate capacity.
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