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1. Introduction
As the RAN WG projects in Rel-18 are all at the final stage of completion, and the NR sidelink evolution WI (acronym: NR_SL_enh2-Core) is declared completion and entering into a maintenance phase in RAN1 after RAN#101, it is now an ideal time to consider further evolution of this technology in Rel-19, which is planned to start from the beginning of 2024.
In this contribution, an overview background of the NR sidelink technology development in 3GPP RAN and motivations for further enhancement in Rel-19 are firstly provided. Based on the needs of the sidelink technology to better support wider use cases and industries (including V2X, commercial and Public Safety), we elaborated 3 main sidelink features that should be further developed and enhanced in Rel-19 that would benefit all three domains.
2. Discussion
2.1. Motivations for further evolution of sidelink in Rel-19
In the evolution of the sidelink D2D technology in 5G-NR, the main emphasis from the beginning has been focused on supporting V2X services for the automotive industry to enable use cases like automatic driving, extended sensor sharing and vehicle platooning. Beside the basic sidelink functionalities introduced in Rel-16, the partial sensing technique to achieve power saving for pedestrian UEs and the IUC feature to improve sidelink communication reliability were all developed with V2X in mind in Rel-17. In Rel-18, based on the request and inputs from 5GAA, 3GPP RAN further enabled two more features such as LTE/NR V2X co-channel coexistence and SL carrier aggregation features to better support the deployment of V2X services in the 5.9GHz ITS spectrum.
It should be noted that the expansion of usage of the sidelink technology to other domains and industries was only started in Rel-18 to enable commercial devices to operate in the unlicensed spectrum. And the support towards using the sidelink technology in FR2 to allow operators better utilizing their allocated FR2 spectrum for traffic offloading from FR1 carriers and relaying to extend network/service coverage was only at a study phase in Rel-18. It is still not possible for the operators to take advantage of the sidelink technology until the normative work is carried out in 3GPP RAN. Therefore, the support of the sidelink technology for commercial usage is still at the beginning stage, compared to V2X.
In the Rel-19 RAN workshop held in June 2023, there was a substantial demand in the submitted contributions to further enhance/evolve the NR sidelink technology for various applications and services. According to the summary of the Rel-19 WS [1], SL evolution is listed as a RAN1-led candidate topic and it would be critical to focus on a limited set of possible areas addressing real commercial needs. To this end, Rel-19 WS inputs from operator and various industry organization and companies are summarized in the following.
[2/AT&T]: 
· Support of CA facilitates the efficient use of fragmented SL frequency spectrum; Enables larger bandwidths allowing for improved data rates and reliability, enabling public safety and commercial services.
· Power Saving enhancements: SL DRX enhancements, WUS and BWP adaptation for SL
[3/FirstNet]:
· SL-CA for both unlicensed and licensed bands
· Carrier aggregation for efficient use of fragmented SL frequency spectrum
· Enhanced support for larger bandwidths for improved data rates and reliability, for public safety services
[4/5GAA]
· Support of a wider bandwidth for SL-based V2X operations using multiple narrowband SL channels
· Consider options for co-channel sharing with non-3GPP V2X technologies in Europe beyond 2030+
· Backward compatible shall ensure that a Rel-19 UE can communicate with another UE operating NR sidelink defined in a previous release
· Enhancement for sidelink carrier aggregation (strongly recommended by 5GAA)
[5/VW]
· Complete CA operation in Rel-19 as originally targeted for Rel-18
· Finalize potential leftovers from NR sidelink evolution work in Rel-18
[6/BOSCH]
· SL enhancements focus on FR2 specifications and, if needed, further CA enhancements with efficient backward compatibility
· if further SL CA enhancement is needed (e.g., CA for Mode 1 operation, multi-carrier operation in FR1 + FR2, Lic- + Unlic. bands CA, etc.), consider only with smooth backward compatibility to Rel-18/17/16 is guaranteed
[7/TOYOTA]
· NR sidelink on FR2 licensed and unlicensed bands
· NR sidelink carrier aggregation to incorporate some NR SL specific CA features and to improve spectral efficiency
· NR sidelink power saving enhancements (e.g., wake-up signal) for parked vehicles
From the above survey, it is observed some common topics of interest include, 
· SL carrier aggregation (enhancement on top of R18 basic version), 
· Enhanced support of SL in FR2 spectrum (based on R18 study outcome) and 
· Power efficient SL operation.
Observation 1: Based on the inputs into RAN Rel-19 workshop, there is a substantial demand to further enhance/evolve the NR sidelink technology for V2X, Public Safety and commercial applications and services.
Observation 2: Based on the inputs from Public Safety community, commercial network operator, automotive industry and car OEMs, a set of common technical topics of interest to further enhance NR sidelink in Rel-19 include,
· SL carrier aggregation (enhancement on top of R18 basic version), 
· Enhanced support of SL in FR2 spectrum (based on R18 study outcome) and 
· Power efficient SL operation.

2.2. FR2 beam management objective scope
From the first version of NR sidelink developed in Rel-16, a phase tracking reference signal (PT-RS) was supported to counter a phase distortion effect that is often seen/experienced in the FR2 spectrum. To further enhance the communication range/coverage in FR2 that would be needed for commercial and V2X deployments, various beam management and beam failure recovery techniques are studied for SL during the Rel-18 timeframe.
For the FR2 beam management study in Rel-18, the study scope was limited to SL unicast communication only to fully take advantage of the existing SL CSI framework developed in Rel-16 (via a PC5-RRC connection). Therefore, naturally, the scope for the normative work of FR2 beam management in Rel-19 should include at least SL unicast. And the normative work should be based on the Rel-18 study outcome as a starting point. Specifically, the objective would cover three aspects of beam management including: initial beam pairing (before, during and/or after PC5-RRC connection), beam maintenance, and beam failure detection and recovery.
During the FR2 study in Rel-18, beam management related enhancement on SL resource selection was also discussed. Although a such enhancement would improve the SL performance between two UEs, however in our view, this would not be an essential feature to support the beam management operation. Hence, this would be a lower priority and treated if TUs allows.
Another potential feature in FR2 is to support beam management also for SL broadcast and groupcast. However, since these two cast types were not part of Rel-18 study, it is advised not the expand the scope of this objective to cover these. The feasibility to support these two cast types also depends on the RS type (S-SSB, CSI-RS or others) that would be used for the unicast. E.g., if S-SSB is assumed for the broadcast and CSI-RS is used for the unicast, the workload to additionally support broadcast could be not a trivial exercise.
Observation 3: The normative work on SL beam management in FR2-1 in Rel-19 should based on Rel-18 study outcome as a starting point. The scope should be limited to firstly SL unicast and include the 3 following technical aspects:
· Initial beam pairing (before, during or after PC5-RRC setup) [RAN1, RAN2]
· Beam maintenance [RAN1]
· Beam failure detection and recovery [RAN2, RAN1]
Observation 4: If sufficient TU is allocated for SL in Rel-19, further consider resource allocation enhancement or broadcast/groupcast support in FR2-1 beam management.
2.3. Sidelink CA objective scope
In Rel-18, the scope and functionality of carrier aggregation in NR sidelink are very limited and only intended to support V2X operation in the ITS spectrum (intra-band CA) by duplicating some of the LTE V2X CA features to achieve a very basic version. The limitation included:
· Only Mode 2 operation (gNB scheduling of resources for SL CA using DCI is not possible)
· No aggregation between licensed and ITS carriers
· No handling of limited TX/RX capability (i.e., number of TX/RX always equal to number of CA carriers)
· Same subcarrier spacing (SCS) and time resources for PSFCH are aligned among CA carriers to avoid resource selection enhancements and AGC issues
· Per-carrier operation basis (for SCI, PSFCH, RSRP, CSI and congestion control)
According to the inputs into the RAN Rel-19 WS, there is a significant demand to expand the SL CA operation to support wider use cases and services (such as commercial and Public Safety) in order to enable larger bandwidths allowing for improved data rates and reliability. In terms of spectrum combination, this should cover Licensed band + PS / ITS / unlicensed. Therefore, Mode 1 operation also needs to be supported and we can no longer assume the same SCS among the CA carriers. Furthermore, since there would be more types of UEs could be deployed with SL CA for commercial and PS, the limitation on the UE TX/RX capability should be also considered.
However, considering the normative work on FR2 beam management for SL would be progressing in parallel in Rel-19, it is not advisable to consider a SL CA operation for FR1 + FR2. Moreover, in order to maintain backwards compatible SL CA operation to legacy CA and none-CA capable UEs, per-carrier operation should continue to be assumed as in Rel-18.
Considering the above necessary enhancements, we observe the scope for SL CA in Rel-19 as:
Observation 5: The scope / functionalities for SL CA in Rel-19 should include/limited to the following.
· RAN1/2:
· Support Mode 1 and Mode 2 operations
· Handling of limited TX/RX capability
· Different SCS among CA carriers can be assumed
· Per-carrier operation is assumed for SCI resource indication (no SL cross-carrier scheduling), PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16
· RAN4:
· Intra-band non-contiguous CA in ITS band (n47)
· Inter-band CA for licensed + PS bands (n14)
· Inter-band CA for licensed + FR1 unlicensed bands (n46 and n96/n102)
2.4. SL power saving objective scope
For sidelink communication, UE device operating time is often constrained by its physical battery size (e.g., wearable devices), or some UEs may need to constantly operate for a long duration of time such as mission critical services in Public Safety. For these UE devices, power saving features become critically important. At the same time, due to the small form factor of these devices, sometimes it is only feasible to equipped with only 1 TX/RX antenna. In order to make NR sidelink technically feasible to be used by these devices, certain existing power saving features adopted in NR Uu should be considered.
In [7], some power saving features for NR sidelink are analyzed and it is found the features that provided with most power saving gain are BW reduction and number of RX antennas. 
· When compared to a UE operating in 100MHz BW for both RF and baseband, the cost reduction in terms of power saving is around 
· 32.9% if supported BW for both RF and baseband is reduced to 20MHz
· 39.4% if supported RF is reduced to 20MHz and baseband is reduced to 5MHz
· When compared to a UE operating with 2 RX antennas, the cost reduction in terms of power saving is around 34% for a single RX antenna UE
· If combine 1RX with 20MHz (both RF and baseband), the power saving is around 48.4%
· If combine 1RX with 20MHz in RF and 5MHz in baseband, the power saving is around 52.8%
During the Rel-18 SL-U discussion, a significant power saving feature that can be used in the unlicensed spectrum is the very low power (VLP) operation, which is allowed by various regulations for a UE to perform wireless transmission without the need to firstly perform a clear channel access procedure (LBT exemption). This has been proposed in the past in [9]. Their analysis results showed that the fairness of coexistence between SL-U and NR-U can be achieved and the performance of both SL-U and NR-U can be improved with VLP operation (e.g., max Tx power of 5dBm).
Observation 6: Power saving features for NR sidelink that have shown to provide significant gains in the past and could be considered for Rel-19 SL include:
· Limited BW operation (RAN1/2)
· 1RX antenna (mostly RAN4 RF and performance requirement)
· Very lower power (VLP) operation (no LBT; no COT sharing; mostly RAN4 requirement)

3. Conclusion
In this contribution, we have provided background of NR sidelink development since Rel-16 and strong motivations to further enhance the SL operation in Rel-19. Technical scope of common SL features of interests that can be used by all V2X, Public Safety and commercial services are discussed. All in all, we have observed the following.
Observation 1: Based on the inputs into RAN Rel-19 workshop, there is a substantial demand to further enhance/evolve the NR sidelink technology for V2X, Public Safety and commercial applications and services.
Observation 2: Based on the inputs from Public Safety community, commercial network operator, automotive industry and car OEMs, a set of common technical topics of interest to further enhance NR sidelink in Rel-19 include,
· SL carrier aggregation (enhancement on top of R18 basic version), 
· Enhanced support of SL in FR2 spectrum (based on R18 study outcome) and 
· Power efficient SL operation.
Observation 3: The normative work on SL beam management in FR2-1 in Rel-19 should based on Rel-18 study outcome as a starting point. The scope should be limited to firstly SL unicast and include the 3 following technical aspects:
· Initial beam pairing (before, during or after PC5-RRC setup) [RAN1, RAN2]
· Beam maintenance [RAN1]
· Beam failure detection and recovery [RAN2, RAN1]
Observation 4: If sufficient TU is allocated for SL in Rel-19, further consider resource allocation enhancement or broadcast/groupcast support in FR2-1 beam management.
Observation 5: The scope / functionalities for SL CA in Rel-19 should include/limited to the following.
· RAN1/2:
· Support Mode 1 and Mode 2 operations
· Handling of limited TX/RX capability
· Different SCS among CA carriers can be assumed
· Per-carrier operation is assumed for SCI resource indication (no SL cross-carrier scheduling), PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16
· RAN4:
· Intra-band non-contiguous CA in ITS band (n47)
· Inter-band CA for licensed + PS bands (n14)
· Inter-band CA for licensed + FR1 unlicensed bands (n46 and n96/n102)
Observation 6: Power saving features for NR sidelink that have shown to provide significant gains in the past and could be considered for Rel-19 SL include:
· Limited BW operation (RAN1/2)
· 1RX antenna (mostly RAN4 RF and performance requirement)
· Very lower power (VLP) operation (no LBT; no COT sharing; mostly RAN4 requirement)
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