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1   Introduction
At RAN Rel-18 workshop, a list of topics was introduced in RWS-210659 (endorsed Summary of RAN Rel-18 Workshop). In this contribution, our views on the topic of sidelink enhancement in Rel-18 are further elaborated. 

2   Overview of sidelink related enhancements
List of sidelink related enhancements

During RAN Rel-18 workshop, quit a lot topics on sidelink were raised by companies, which are listed as follows[1]:
· SL enhancements (e.g., unlicensed, power saving enhancements, efficiency enhancements, etc.)

· SL relay enhancements 

· Co-existence of LTE V2X & NR V2X

In our opinion, SL relay enhancement is relatively independent and can be treated in a separate WI. To be specific, two major objectives should be included, one is the service continuity enhancement to UE-to-Network relay and the other one is the new design of UE-to-UE relay. For the UE-to-UE relay, both UE type relay and gNB/DU type relay can be considered. More detailed views on this topic can be found in RP-212393 [4].

Proposal 1: SL relay enhancements can be treated in a separate WI.

Except SL relay, all the other SL topics, such as general SL enhancement (multi-carrier, SL-U, power saving, co-existence, etc) , can be treated in another study/work item. Nevertheless, prioritization of these SL topics is expected. It is not realistic to include all the SL relevant topics in Rel-18. 

Proposal 2: General SL enhancements(including multi-carrier, SL-U, power saving, etc) should be considered as another study/work item.

Considering the timeline and work load in Rel-18, it is suggested to list the prioritization of sidelink topics and start from the ones with the most popularity and commercial interests in Rel-18. For the remaining topics, it can be further considered in Rel-19 or later release.

In our opinion, Rel-18 should focus on the high data rate and reliability support for advanced 5G V2X use cases or AR/VR applications. Multi-carriers and Sidelink carrier aggregation can be used to increase both data rate and reliability. This feature should be taken as highest priority. In addition, power saving can be further considered, e.g. WUS. Moreover, unlicensed spectrum may be used for sidelink to support more vertical industry applications, such smart home network, smart office, AR/VR gaming, logistic park management. Through collaboration or traffic balance between the licensed spectrum and unlicensed spectrum, it can provide better services and user experience. This topic should be also supported in Rel-18.

Regarding the co-channel co-existence of LTE V2X and NR V2X, we think it can be supported via implementation methods, e.g. separate resource pool configuration. To be specific, if UE is in coverage, network can re-configure the resource pools based on CBR(Channel Busy Ratio) for LTE V2X and NR V2X in a dynamic manner to share the same spectrum. In the case of OoC, the pre-configuraton of a V2X UE may be updated when it is in coverage. And the separated resource allocation for LTE V2X and NR V2X can be realized in this way. Thus, we think the co-existence of LTE V2X and NR V2X with shared resource pool should be of low priority.
3   Enhancements on NR sidelink
Motivations

LTE sidelink and NR sidelink have been specified for V2X and public safety, and V2X deployment is developing rapidly all over the world. For NR sidelink, the following service requirements and V2X scenarios need to be supported: 
-
General Aspects 
-
Vehicles Platooning
-
Advanced Driving

-
Extended Sensors 

-
Remote Driving
To support the scenarios above, according to [2], for example, up to 1Gbps of data rate is required for the exchanging of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, devices of pedestrians and V2X application servers within the case of extended Sensors. In addition, 99.999% of reliability is required for emergency trajectory alignment between UEs supporting V2X application within the case of advanced driving. Thus, both high data rate and reliability should be ensured.

Besides V2X, we can see that vertical applications may have huge market in the near future, and sidelink can be an important candidate technology to support multiple vertical applications such as XR and IIoT which has stringent power saving requirement. Actually, the sidelink DRX has been discussed in Rel-17. However, only a basic SL DRX operation is supported. For sidelink unicast, the power saving performance cannot be ensured since the SL DRX configuration of a RX UE is decides by another TX UE. Even if TX UE has no data to transmit for a long time, the RX UE still has to be awake when the on-duration timer is running. For sidelink groupcast/broadcast, the power saving performance may be worse since only a common SL DRX is supported without considering the traffic change. Based on this observation, further enhancement on power saving for sidelink needs to be considered in Rel-18. 

Enhancements
As we know, sidelink carrier aggregation are one of most effective schemes to increase both data rate and reliability during Rel-15 LTE V2X. In rel-18, we think the support of sidelink carrier aggregation may be considered. The basic mechanism such as packet duplication, limited TX/RX capability handling, carrier selection, and synchronization across multi-carriers may be reused.

Proposal 3: Multi-carrier support and sidelink carrier aggregation mechanism should be introduced in NR sidelink. And the following issues may be considered:
· Synchronization on multiple carriers, e.g., synchronization reference selection, S-SSB transmission
· Carrier aggregation

· Packet duplication
· Handling limited TX/RX capability
· Carrier selection
In addition, when multiple BWP/carrier is supported in a band, it is better to align the transmissions on different carriers to avoid AGC issue. To support this, multiple slots with big SCS could be aggregated to align a slot with small SCS.
Proposal 4: Slot aggregation should be supported in case of supporting multiple BWP/carrier in a band.

With regard to the power saving enhancement, we think WUS has been proved to be an effective scheme for power saving in NR Uu. So at least WUS can be considered to further enhance sidelink power saving. 

Proposal 5: Further enhancement on power saving should be supported, e.g. WUS-like mechanism for sidelink.
For mode 2 resource allocation of NR sidelink, some UEs can select the resources based on sensing or partial sensing. Meanwhile, it allows that some other UEs with random resource selection to share the same resource pool. In this case, the reliability of mode 2 cannot be ensured under worse communication conditions. To improve the reliability of mode 2, some enhancements should be considered, e.g. using standalone SCI to reserve the sidelink resource before its initial transmission.
Proposal 6: The reliability of mode 2 should be further improved in case of worse communication conditions.
With regard to the sidelink in FR2, if the target is to support the beam based operation, we have doubts with the feasibility, e,g, how to determine the beam for SL broadcast/groupcast transmission, how to ensure the validity of beam for vehicles in high mobility, etc. In a sum, sidelink in FR2 study is of low priority.
4   Support on SL-U
Motivations

In addition to V2X, vertical industries such smart home network, smart office, AR/VR gaming, logistic park management, is developing rapidly. Take AR/VR as an example, audio-visual interaction is characterised by a human being interacting with the environment or people, or controlling a UE, and relying on audio-visual feedback[3]. Some use cases are illustrated as below[3]:
-
Cloud/Edge/Split Rendering – Cloud/Edge/Split Rendering is characterised by the transition and exchange of the rendering data between the rendering server and device.

-
Gaming or Training Data Exchanging – This use case is characterised by the exchange of the gaming or training service data between two 5G connected AR/VR devices.

-
Consume VR content via tethered VR headset – This use case involves a tethered VR headset receiving VR content via a connected UE; this approach alleviates some of the computation complexity required at the VR headset, by allowing some or all decoding functionality to run locally at the connected UE. The requirements in the table below refer to the direct wireless link between the tethered VR headset and the corresponding connected UE.

In addition, the service requirements for AR/VR has following features: 1) data rate could be up to [10]Gbps; 2) max allowed end-to-end latency could be as low as 5ms; 3) reliability could be as high as 99.99%. Considering the implementation of applications containing AR/VR components, sidelink may be used to support these services in 5G system. Based on sidelink, the data traffic between two UEs can be directly delivered, which greatly reduce the end-to-end latency. 

However, spectrum is a limitation for supporting more high data rate applications. It is a good way to extend these applications to unlicensed spectrum. In this way, some services can be supported on licensed spectrum, whilst other services can be operated on unlicensed spectrum. 

Requirements and Key issues

In order to support sidelink on unlicensed band, the following key issues should be considered.

· Coexistence with 3GPP and non-3GPP technologies, e.g. NR-U, WiFi .etc, should be supported.
Other technologies, e.g., WiFi, have been widely implied in unlicensed band. In order to support different technologies on unlicensed band with fairness, the channel access procedure e.g., LBT procedure, should be specified for sidelink on unlicensed band, and current procedures in NR-U could be a starting point. 

On the other hand, SL specific resource allocation mechanisms(i.e., Mode 1, Mode 2) have been designed in NR SL to address the resource sharing between SL UEs. For sidelink on unlicensed band, these resource allocation mechanisms should be also supported, and the relationship/co-operation between legacy SL sensing/scheduling procedure and LBT procedure should be further considered. 

· In-coverage, partial coverage and out of coverage scenarios should be supported. 
For SL communication, network coverage cannot be always assumed, and NR sidelink is designed to support sidelink communications for different services, considering in-network coverage, out-of-network coverage, and partial network coverage. Based on the targeted use cases of sidelink on unlicensed band, it should be also designed without relying on the network coverage. 

· The regulations on unlicensed band should be met.
Different regions may have different regulations on unlicensed band, and these regulations should be met, e.g., the OCB(occupied channel bandwidth), PSD(power spectrum density) requirements. And DFS(dynamic frequency selection) is also required in some unlicensed band in some regions.
In a sum, sidelink enhancement on unlicensed band should be supported in Rel-18 and the following proposal is given.
Proposal 7: Sidelink on unlicensed spectrum should be supported in Rel-18 for in coverage, out of coverage, and partial coverage scenario. And the following issues may be considered:
· Specify mechanisms for LBT related procedures in NR-U, including LBT procedures for different SL physical channels, and NR-U should be a starting point. (RAN1, RAN2)
· Specify the physical layer channels and signals and related procedures.(RAN1)
· Enhancements to Mode 1 and Mode 2 resource allocation mechanisms.(RAN1, RAN2)
· Specify the L2/L3 protocols and signalling.(RAN2, RAN3)
· UE Tx and Rx RF requirement(RAN4)

-  OCB and PSD requirements should be met on unlicensed band.
5   Conclusion
Based on above analysis, we have the following observations and proposals:
Proposal 1: SL relay enhancements can be treated in a separate WI.

Proposal 2: General SL enhancements(including multi-carrier, SL-U, power saving, etc) should be considered as another study/work item.

Proposal 3: Multi-carrier support and sidelink carrier aggregation mechanism should be introduced in NR sidelink. And the following issues may be considered:
· Synchronization on multiple carriers, e.g., synchronization reference selection, S-SSB transmission
· Carrier aggregation

· Packet duplication
· Handling limited TX/RX capability
· Carrier selection
Proposal 4: Slot aggregation should be supported in case of supporting multiple BWP/carrier in a band.

Proposal 5: Further enhancement on power saving should be supported, e.g. WUS-like mechanism for sidelink.
Proposal 6: The reliability of mode 2 should be further improved in case of worse communication conditions.
Proposal 7: Sidelink on unlicensed spectrum should be supported in Rel-18 for in coverage, out of coverage, and partial coverage scenario. And the following issues may be considered:
· Specify mechanisms for LBT related procedures in NR-U, including LBT procedures for different SL physical channels, and NR-U should be a starting point. (RAN1, RAN2)
· Specify the physical layer channels and signals and related procedures.(RAN1)
· Enhancements to Mode 1 and Mode 2 resource allocation mechanisms.(RAN1, RAN2)
· Specify the L2/L3 protocols and signalling.(RAN2, RAN3)
· UE Tx and Rx RF requirement(RAN4)
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