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1. Introduction
In Rel-16, the design requirements of NR sidelink (SL) is mainly targeting eV2X services in TR 22.886 [1] and TS 22.186 [2]. It is understood that [3] Rel-16 NR SL can support critical communications (i.e., public safety) use cases if the requirement can be fulfilled. 
In Rel-17, eV2X, critical communication and commercial D2D communication should be considered for NR SL as guided by [4]. Enhancements beyond Rel-16 SL for eV2X/public safety services, as well as the new requirements of commercial D2D services, should be taken into account in Rel-17 NR SL design.  
In this contribution, the motivation and potential technical enhancements to support eV2X and other use cases are discussed.
2. Discussion  
2.1. SL enhancement for eV2X services
Rel-16 NR SL design targets requirements of eV2X use cases in TR 22.886 and TS 22.186. However, due to limited time, some eV2X use cases and requirements cannot be supported by Rel-16 NR SL. Technical areas to support such use cases and requirements are analyzed in the following discussion.  
· Power saving
 ‘Dynamic ride sharing’ in TR 22.886 and Vulnerable Road User (VRU) in 5GAA LS [5] are typical eV2X use cases, which require communication between vehicle-UE (VUE) and pedestrian-UE (PUE). Compared to VUE, power consumption of PUE should be significantly lower in V2P/P2V communication. Therefore, power saving for PUE should be considered in Rel-17 NR SL design, e.g., partial or no sensing for PUE, SL DRX, etc.
· UE to NW/UE relay
In TR 22.886, ‘tethering via vehicle’ use case requires a vehicle UE to relay data from handset UE(s) to NW, and ‘information exchange within platoon’ use case requires platoon header to relay data from member UE(s) to RSU. To support the above use cases, UE to NW/UE relay functionality should be considered in Rel-17 NR SL design.
For the design of the Rel-17 SL relay functionality, Rel-13 eD2D relay and the relay functionality studied in Rel-15 FeD2D SI can be the starting points, and relay UE discovery should be supported.
· Resource allocation 
In order to strive for higher reliability, ‘UE scheduling/assisting another UE’ based resource allocation needs to be supported in Rel-17 NR SL. 
· High data rate 
In TR 22.886 and TS 22.186, extremely high data rate requirement is observed, e.g., for sharing high-resolution data or raw data of on-board sensor, 10Mbps, 25Mpbs, 50Mbps and even 100-1000Mbps data rate per UE is requisite. Therefore, enhancement for high date rate SL communication needs to be considered. Promising technical areas including CA, enhancement of MIMO, enhancement of FR2 communication, etc. It is worth noting that CA duplication can also improve transmission reliability.
· CA: The scenario of CA in Rel-15 LTE V2X can be the starting point, at least capacity improvement and packet duplication can be supported in NR SL CA. Besides features discussed in LTE SL, e.g., scheduling and synchronization aspects, some new features for unicast and groupcast transmissions need to be considered in Rel-17 SL CA, such as HARQ feedback, RLM, etc.
· MIMO: In Rel-16 NR SL, transmission only up to two layers are supported. In Rel-17 NR SL, at least transmission with more than two layers can be considered for better resource efficiency. Moreover, CSI feedback to gNB can be supported.
· FR2: FR2 was captured in scope of Rel-16 NR V2X SI/WI, but SL communication has not been optimized for FR2. In Rel-17 NR SL design, some optimizations in FR2 can be considered, such as beam management, multiple antenna panels and enhanced sensing mechanism.
2.2. SL enhancement for D2D critical communication
Mission critical services were raised in a set of SA1 TS, e.g., MCPTT (TS 22.179), MCData (TS 22.281), MCVideo (TS 22.282) and MCCoRe (TS 22.280). Intensive study of radio aspects to support mission critical services was conducted and the conclusion was captured in TR 36.843 [6]. In Rel-12 D2D and Rel-13 eD2D WI, most features to support mission critical services has been specified. Moreover, it is also requested by FirstNet and other global public safety (PS) organizations that public safety services should also be supported by NR SL, which is noted in [3]. In the following discussion, features to support critical communication will be analyzed. 
· Power saving
Handset UE is the typical UE type for mission critical communication, therefore, the power consumption for such kind of SL communication should be at least as low as that of Uu (assuming Uu delivers similar traffic, such as voice, etc.). Even though the NR SL designed for V2X can be reused, SL power saving schemes needs to be taken into account in radio protocol design to support critical communication, e.g., at least SL DRX can be considered in critical communication scenario.
· UE to NW(/UE) relay
Typical scenarios of critical communication include communication between proximity-UEs, UE to NW relay and UE to UE relay. Due to limited time the relay functionality are not supported Rel-16 SL, which should be included in Rel-17 NR SL enhancements. 
2.3. SL enhancement for D2D commercial communication 
A set of D2D commercial services have been given by companies, e.g., Network Controlled Interactive Service(NCIS), wearable IoT, home IoT, mobile IAB, Network Assisted UE Cooperation (NAUC), etc. In this section, NCIS will be focused, which has been captured in 3GPP TR 22.842 [7].
For NCIS services, the UEs from the same/different PLMN(s) can participate in a communication group under control of NW. In the communication group, some of the UEs are in proximity, while some other UEs may not in proximity. For the communication between those proximity-UEs, SL can be utilized and FR1/FR2 can be exploited for SL communication (S1-190250) as shown in Figure 1.
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[bookmark: _Ref18512890]Figure 1 Communication for proximity UEs in FR1/FR2
In TR 22.842, AR/VR based interactive services and rendering operation are mentioned, typical AR/VR based interactive services include AR/VR based gaming, virtual presence glasses, lightweight VR headset, etc. For those use cases, rendering of data is requisite. Several rendering structures are available depending on UE capability and NW structure, e.g., rendering at UE side, cloud/edge rendering or split rendering. 
For split rendering, a typical scenario is shown in Figure 2, where UE1 has rendering capability and UE2 is light weight VR headset which is only capable for sending sensor data to cloud server and for displaying video rendered by cloud server and/or UE1. It is desirable that communication between UE1 and UE2 is done via SL to reduce the power consumption of the UE2, while communication between gNB and UE1 can use Uu link.
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[bookmark: _Ref18512947]Figure 2 Split rendering
To support NCIS services, the technical areas that needs to be enhanced upon Rel-16 NR SL will be analyzed in the following discussion.
· Power saving
In NCIS use cases, the involved UEs can be handset UE or Head Mounted Device (HMD), for which power consumption is a key limitation. Therefore, power efficient SL communication should be considered to support NCIS use cases. Power saving schemes as mentioned in eV2X and critical communication can be used in NCIS use cases as well, e.g., SL DRX scheme. Moreover, closed loop power control (CLPC) should be supported in NCIS. Unlike V2X, CLPC is feasible for NCIS scenario for several reasons. Firstly, the relative UE mobility in NCIS use cases is not as high as the vehicle use cases. Secondly, the number of UEs involved in NCIS communication is stable for a relatively long time. Moreover, the interference between UE can be well controlled by the scheduling gNB.
· UE to NW relay
In AR/VR based interactive service, when split rendering is assumed, data transmission from gNB to HMD is delivered via a rendering-capable UE, i.e., UE1 as shown in Figure 2. In such case, the rendering UE can serves as a relay UE; hence, it is beneficial to support UE to NW relay architecture for split rendering operation.
· Resource allocation 
Mode 1 and mode 2 resource allocations are supported in Rel-16 NR SL. For NCIS use case, NR SL mode 1 resource allocation is preferred, as mode 2 resource allocation requires sensing which is not power efficient. Moreover, resource allocation based on mode 2d (UE scheduling another UE) can be further studied. Some of the benefits are listed as following: 
1) When UEs in NCIS group are from different PLMNs, a UE can request a set of resources from gNB (from a certain PLMN) and manage communication of the whole NCIS group; 
2) Compared with mode 1 based resource allocation, it reduces the Uu control signaling overhead in FR1 assuming Uu (FR1) controlling SL (FR2) transmission scenario; 
3) Compared with mode 1 based resource allocation, UE can switch off Uu module for a longer time for power saving; 
4) Scheduling-UE can acquire SL channel information easier than gNB does. 
· High data rate
In TR 22.842, it is stated that the data rate for some NCIS services can be up to several Gbps per UE, which definitely requires SL to support high data rate transmission. Similar as discussion in section 2.1, at least CA, MIMO enhancement and FR2 enhancement can be considered to support high data rate transmission. Moreover, higher MCS (e.g. 256 QAM) can be used in NCIS use cases as well, since the channel condition can be better predicted due to low UE mobility in NCIS use cases.
· CA (similar discussion as for eV2X services is applied to NCIS service as well)
· MIMO: For NCIS services, UE mobility is relative low, and the channel condition between communication UE pair is relative stable compared to eV2X scenario. The benefit to adopt MIMO transmission scheme is more obvious due to stable channel condition. Therefore, more advanced MIMO schemes can be applied to NCIS.
In Rel-16 SL, CSI-RS is only confined with PSSCH transmission of a given UE, then wideband and dynamic changed channel status cannot be measured accurately. In order to implement more advanced MIMO scheme, it is suggested to support more flexible CSI-RS configuration, e.g., wideband and subband CSI-RS, periodic and aperiodic CSI-RS.
Moreover, only up to two layers transmission is supported in Rel-16 V2X. In order to improve spectrum efficiency, more than 2 layers can be supported in Rel-17 SL. Nevertheless, more advanced CSI feedback (beyond wideband CQI/RI) can be considered as well, e.g., PMI feedback, amplitude and phase information feedback.
· FR2: It has been agreed by SA1 that FR2 can be used for SL communication between UEs in NCIS use cases. In order to improve the communication efficiency, reliability and communication range, beam based operation should be supported in FR2. At least multiple-beam/multiple-panel operation similar as in NR Uu can be baseline for the design of beam-based transmission in SL.
· Higher MCS: In NR Uu, up to 256 QAM can be used for eMBB transmission. In SL, 256 QAM can be considered as well at least to support NCIS use cases.
2.4. Summary of features
Based on above discussion, the features proposed for Rel-17 NR SL are listed in Table 1.
[bookmark: _Ref18591662]Table 1 Summary of features for Rel-17 NR SL
	
	eV2X 
	Critical 
	Commercial 

	Power saving
	Yes
· Reduced sensing
· DRX
	Yes
· DRX
	Yes
· DRX
· Closed loop power control

	UE2NW(/UE) relay
	Yes
	Yes
	Yes

	Resource allocation enhancement
	Yes
· UE scheduling another UE
	No
	Yes
· UE scheduling another UE

	CA
	Yes
· Scheduling aspect
· Synchronization aspect
· HARQ support
· RLM support
	No
	Yes
· Scheduling aspect
· Synchronization aspect
· HARQ support
· RLM support

	MIMO enhancement
	Yes
· More than 2 layer
	No
	Yes
· More than 2 layer
· Periodic/aperiodic CSI-RS
· Wideband/subband CSI-RS
· PMI report


	FR2 enhancement
	Yes
· Beam management
· Multiple panel
· Enhanced sensing 
	No
	Yes
· Beam management
· Multiple panel


	Higher MCS
	No
	No
	Yes
· 256QAM


Generally, it is favorable to strive for a common design as much as possible for all the sidelink use cases, for example, a common physical layer structure. This is aligned with the guidance from [4], such as “Focus on common functions across the key use cases”, and “Achieve maximum commonality between commercial, V2X, and critical communication usage of sidelink while addressing their specific requirements”. Therefore, it is proposed that at least SL power saving, UE-to-NW/UE relay, UE scheduling another UE, CA, multi-beam/panel based operation in FR2 should be studied/specified in Rel-17 SL. 
[bookmark: _GoBack]On the other hand, given that the requirements of different use cases may diverse significantly in some aspects, solutions considered for each use case should be supported. For example, Rel-17 PUE should coexist with Rel-16 VUE in the same resource pool for V2X operation. Nevertheless, such backward compatibility is not needed for Rel-17 NCIS UE. 
Moreover, some features that are already studied during LTE sidelink or Rel-16 SI phase can be implemented in a normative work, while the other new features may be started from a study phase in Rel-17. Therefore, we propose to separate study/work items for sidelink enhancements in Rel-17 considering different use cases and features.
3. Conclusion
In the contribution, we provide our considerations on NR sidelink enhancements in Rel-17.
The Rel-17 work should at least target the following objectives:
· SL power saving
· UE2NW(/UE) relay
· UE scheduling another UE
· CA
· Multi-beam and multi-panel based operation in FR2
Moreover, scenario-specific features considering different requirements should be supported. Considering the divergent use cases and features in different grades of maturity, it is more reasonable to complete the Rel-17 sidelink enhancements in separated study/work items. 
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