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1. Introduction
Rel-18 is considered as a key version of NR which is expected to be a smart, more efficient and flexible system, and it should enable more new scenarios and applications, e.g., vertical industry, smart application, etc. In order to provide effective support for various requirements, further enhancement of existed NR features should be discussed, as well as introducing new techniques, such as AI.
In this contribution, we discuss the potential scenarios and requirements which may relate to sidelink communication, and give some preliminary analyses and views on Rel-18 sidelink enhancement. 
2. Discussion
2.1. [bookmark: _Ref72948368]Scenarios and requirements of Rel-18 sidelink
The first version of NR sidelink is standardized in Rel-16 which defines the basic scheme of sidelink, including structure and procedure, etc. Then, further enhancements for SL are discussed in Rel-17, mainly focus on power saving, mode 2 inter-UE coordination scheme, etc.  
For Rel-18 sidelink communication, some specific scenarios are considered and the relevant performance requirements may not be satisfied by using existed NR sidelink scheme. 
Some proposed scenarios which should be considered for Rel-18 sidelink communication are listed as follows:
· Transport applications
To build the intelligent transport system, higher performance requirements of V2X communication are needed. There are several diverse scenarios:
· Auto driving
· Remote driving
· Vehicle platooning
· Tethering via vehicle
[bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]For specific scenarios, the detailed requirements may be different, e.g., high precise positioning information and low latency transmission of sensor information should be guaranteed for auto driving and remote driving, while sidelink relay function should be considered for platooning and tethering scenarios to choose a suitable UE worked as a relay node in a group. 
In general, high data rate, precision, reliability and low latency are the key requirements of intelligent transport application.
· IIoT
Vertical industrial application is another key scenario related to sidelink communication which may contain massive nodes interconnection and interaction, and it can work as an independent system on licensed or unlicensed band. In details, an IIoT system requires high precise positioning and path tracking, remote management with low latency, effective data collection from sensors, etc. Accordingly, to build an IIoT system, high density node deployment and management, low latency transmission and power consumption should be supported.
· Smart home/building 
Besides IIoT, some low cost and low capacity application of IoT also has bright market prospect, such as smart home/building. In this type of scenarios, it can provide home/building automatic control services, e.g., auto or remote control of home appliances or build equipment, periodic sensor report, meter reading, etc. 
Obviously, comparing to IIoT, the requirement for data rate and latency is much lower in this scenario and low power consumption and cost are the main points.
· XR
Kinds of immersive application are promised to shape a valuable commercial market, such as AR/VR games. In this scenario, the distance and channel status between XR nodes are relatively stable than other cases. The key point of XR type application is to provide fluent audio/video experience, it needs much higher date rate with lower latency transmission.  
· Wearable devices
Wearable devices can connect to network via a donor node on sidelink. Therefore, the donor node could be considered as a relay node in this case. In general, low power consumption is required for wearable devices and it may work on unlicensed band.  
While several wearable devices belongs to one user/working group, it should connect to one donor node. These devices can form a virtual group and the donor node actually works as a header UE. Then, the data stream switch/replication between wearable devices and the donor node should be discussed. 
· Wise medical system
Wise medical system can greatly relieve the pressure of unbalanced medical resources by using remote treatment or operation. For this purpose, sidelink communication can be used on the end equipment to enable the remote operation. 
Due to the specific characteristics of medical system, the requirement of reliability and precision should be set to the highest degree.
As discussed above, sidelink communication may be used for diverse scenarios, and the performance requirements vary greatly for different scenarios, including various requirements on coverage, data rate, reliability, latency, UE density, power consumption, etc. That is to say, it is difficult to define a unified sidelink scheme for all the potential scenarios to achieve all the performance requirements.
From the perspective of sidelink feature, some of the scenarios may need to introduce sidelink relay, such as wearable devices, vehicle platooning and IIoT, as well as sidelink on unlicensed band (more detailed analyses in [1]) may be used to support smart home/building and XR services. 
[bookmark: _Toc72958881][bookmark: _Toc72959721][bookmark: _Toc72959731][bookmark: _Toc73006704][bookmark: _Toc73025189][bookmark: _Toc73028084][bookmark: _Toc73086848][bookmark: _Toc73086856][bookmark: _Toc73090090][bookmark: _Toc73090111][bookmark: _Toc73091401][bookmark: _Toc73091409][bookmark: _Toc73091417][bookmark: _Toc73091730][bookmark: _Toc73369646][bookmark: _Toc73369654][bookmark: _Toc73369912][bookmark: _Toc73369920][bookmark: _Toc73525575][bookmark: _Toc73525583][bookmark: _Toc73525591][bookmark: _Toc73525957][bookmark: _Toc73967265]Sidelink communication may be used for diverse scenarios, and the performance requirements vary greatly for different scenarios.
Therefore, to promote the study of Rel-18 sidelink enhancement, the target scenarios and requirements should be discussed and clarified first, and then the corresponding sidelink features should be further determined. Besides, if there are some Rel-17 leftover issues due to limited time budget, it can also be discussed in Rel-18.
[bookmark: _Toc72919970][bookmark: _Toc72958887][bookmark: _Toc72959726][bookmark: _Toc72959736][bookmark: _Toc73006706][bookmark: _Toc73025193][bookmark: _Toc73028088][bookmark: _Toc73086852][bookmark: _Toc73086860][bookmark: _Toc73090094][bookmark: _Toc73090115][bookmark: _Toc73091405][bookmark: _Toc73091413][bookmark: _Toc73091421][bookmark: _Toc73091734][bookmark: _Toc73369650][bookmark: _Toc73369658][bookmark: _Toc73369916][bookmark: _Toc73369924][bookmark: _Toc73525579][bookmark: _Toc73525587][bookmark: _Toc73525595][bookmark: _Toc73525961][bookmark: _Toc73967269]The target scenarios and performance requirements for Rel-18 sidelink study should be discussed and determined. 
2.2. Sidelink Relay
In Rel-17, a SI of NR sidelink relay is discussed in RAN 2 [2], and it concludes that both L2 and L3 UE-to-network relay are feasible for coverage extension. Based on that, related WI of sidelink relay is progressed in [3] to specify the single-hop solution for both L2 and L3 UE-to-network relay. In Rel-18, some specific scenarios related to sidelink relay may need additional features or function enhancement. 
For example, in transport system, RSU node can be used as a relay node naturally. On one hand, RSU based relay can be seen as a special UE-to-network relay which provide one-hop relay between vehicles and network. On the other hand, since RSU nodes have stable location and power supply, normal UE based relay scheme cannot fully reflect the capability of RSU as a relay node or satisfy the requirement of intelligent transport system. As the capacity of RSU node is better than UE based relay node, it can take more responsibility of sidelink management and lighten the load of network. To achieve the requirements, sidelink relay enhancement for RSU based relay node should be considered.  
For vehicle platooning case, the header UE in a group, usually the first vehicle, should act as a relay node between member UEs and network. Besides, considering the length of a whole vehicle platooning, vehicles at the end of a group may not be able to connect with the header UE directly. In other words, additional relay node is needed in a platooning to maintain the sidelink signaling transmission between header UE and member UEs. In this use case, a UE-to-UE relay node is needed to provide multi-hop relay connection on sidelink. 
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Considering of the potential new scenarios and requirements for future application, the direction of sidelink relay enhancement should be discussed. Besides the target objectives defined in Rel-17 sidelink relay WI, whether the following features should be considered in Rel-18 need to be discussed:
· Types of relay node: RSU-based relay, mobile relay, UE-to-UE relay, etc.
· Multi-hop relay scheme
· Resource management
· Mobility management
· Groupcast/broadcast to remote UEs
By introducing some new features and function enhancement, sidelink relay node can further improve sidelink performance, including extend coverage, increase resource efficiency and reliability, improve connection stability, lighten the load of network, reduce latency, etc.
[bookmark: _Toc73025191][bookmark: _Toc73028086][bookmark: _Toc73086850][bookmark: _Toc73086858][bookmark: _Toc73090092][bookmark: _Toc73090113][bookmark: _Toc73091403][bookmark: _Toc73091411][bookmark: _Toc73091419][bookmark: _Toc73091732][bookmark: _Toc73369648][bookmark: _Toc73369656][bookmark: _Toc73369914][bookmark: _Toc73369922][bookmark: _Toc73525577][bookmark: _Toc73525585][bookmark: _Toc73525593][bookmark: _Toc73525959][bookmark: _Toc73967267]Using sidelink relay may provide performance improvement, including coverage extension, resource efficiency increase, latency reduction, etc.
Additionally, some of the potential features may have been discussed in Rel-17 SI stage, and Rel-17 sidelink relay WI is still under normative discussion, the study scope of Rel-18 sidelink relay need to avoid redoing overlapped issues.
In general, the discussion of sidelink relay mainly focus on RAN2/3, whether new features and enhancement of Rel-18 sidelink relay have impact on physical layer should also be considered. 
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2.3. Sidelink CA
Many scenarios require very high data rate of sidelink transmission, such as XR type services and sensor based auto driving or auto control. For these cases, single carrier used for sidelink may be not able to provide enough bandwidth to support the application, especially when using licensed band. While only single carrier used for sidelink is defined in Rel-16/17 NR sidelink, carrier aggregation on sidelink should be considered in Rel-18 discussion. By aggregating multiple carriers, it can significantly improve the data rate and capacity of sidelink.  
On one hand, to using multiple carriers on sidelink, the carrier aggregation scheme on Uu should be reused as baseline for sidelink design. On the other hand, considering the case that one UE may hold Uu connection and sidelink communication at the meanwhile, the possible cases of resource coordination between multiple carriers are more complex than NR Uu. 
Specially, the following cases may need to be considered in sidelink carrier aggregation:
Case 1: UE works on sidelink using multi-carrier, and no Uu connection
Case 2: UE works on both Sidelink and Uu, multi-carrier on sidelink while single carrier on Uu
Case 2-1: the single carrier used on Uu is different from the carriers used on sidelink
Case 2-2: the single carrier used on Uu is one of the carriers used on sidelink
Case 3: UE works on both Sidelink and Uu, both sidelink and Uu using multi-carrier
Case 3-1: the carriers used on sidelink and Uu are the same
Case 3-2: the carriers used on sidelink are different from the ones used on Uu
For case 1, multi-carrier resource scheme on Uu could be used as baseline for sidelink study. For case 2/3, while multiple carriers are used on sidelink and Uu, potential resource conflicts should be considered due to limited UE capacity. Besides the relationship between the carriers used on sidelink and Uu, the sidelink resource scheme used by UE, i.e., mode 1 or mode 2, may also have impact on the sidelink carrier aggregation scheme design. 
Additionally, unlicensed band and FR2 resource are also supposed to be used for sidelink. For the case that licensed band and unlicensed band, FR1 and FR2 carriers are used for sidelink, the resource management of sidelink carrier aggregation would be more complicated. As sidelink communication on unlicensed band and FR2 is not well discussed, the corresponding carrier aggregation cases should be considered with low priority.
[bookmark: _Toc73025192][bookmark: _Toc73028087][bookmark: _Toc73086851][bookmark: _Toc73086859][bookmark: _Toc73090093][bookmark: _Toc73090114][bookmark: _Toc73091404][bookmark: _Toc73091412][bookmark: _Toc73091420][bookmark: _Toc73091733][bookmark: _Toc73369649][bookmark: _Toc73369657][bookmark: _Toc73369915][bookmark: _Toc73369923][bookmark: _Toc73525578][bookmark: _Toc73525586][bookmark: _Toc73525594][bookmark: _Toc73525960][bookmark: _Toc73967268]Considering that UE may maintain sidelink and Uu communication at the same time, there are several different configuration cases of sidelink and Uu carrier(s), and the potential resource conflict should be identified and discussed.   
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2.4. Sidelink positioning
Positioning function based on PRS is supported in NR, and the scheme should be reused as baseline for sidelink positioning. As mentioned in 2.1, several scenarios require quite high-precision positioning information of nodes which may work on sidelink, such as transport system and IIoT application. 
Besides the high level precision, sidelink positioning also needs quickly updated and high reliability of the positioning information, and the information may be exchanged and used in local area. 
According to the specific scenarios and stringent requirements, existed positioning scheme may be not sufficient for sidelink positioning performance requirement. It requires targeted evaluation and study on whether further modification or enhancement are needed for sidelink positioning.
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3. Conclusion
In this contribution, we analyze the scenarios and requirements of Rel-18 sidelink enhancement, and relevant observations and proposals are as following:
Observation 1:	Sidelink communication may be used for diverse scenarios, and the performance requirements vary greatly for different scenarios.
Observation 2:	Specific scenarios and applications may need additional features and functions for Rel-18 sidelink relay.
Observation 3:	Using sidelink relay may provide performance improvement, including coverage extension, resource efficiency increase, latency reduction, etc.
Observation 4:	Considering that UE may maintain sidelink and Uu communication at the same time, there are several different configuration cases of sidelink and Uu carrier(s), and the potential resource conflict should be identified and discussed.

Proposal 1:	The target scenarios and performance requirements for Rel-18 sidelink study should be discussed and determined.
Proposal 2:	More discussion are needed to identify and determine the study scope of sidelink relay in Rel-18.
Proposal 3:	The study scope of carrier aggregation on sidelink should be discussed and determined.
Proposal 4:	Further evaluation and discussion are needed for sidelink positioning.
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