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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 and commercial D2D communication should be considered for NR SL as guided by [4]. Regarding commercial D2D services, a set of use cases have been given by companies, e.g., Network Controlled Interactive Service (NCIS)[5], wearable IoT, home IoT, mobile IAB, Network Assisted UE Cooperation (NAUC), etc.   
At the RAN#85 meeting, general technical aspects were identified in [6] to support the eV2X, critical and commercial D2D communication. In this contribution, the essential technical aspects will be further discussed and justified.
2. Discussion  
For identification of high priority technical areas of Rel-17 SL enhancements, several high level motivations were proposed in [6], including: 
· Increased data rate
· Enhanced reliability and reduced latency
· Support of new carrier frequencies and operation scenarios
· Power saving
· Spectral efficiency enhancement
· Sidelink coverage enhancement
· Network coverage enhancement
Firstly, as discussed in [4], Rel-17 SL enhancements should support critical and commercial D2D communication. Therefore, technical enhancements in Rel-17 SL should consider new operation scenarios.
Moreover, it is deemed that the consolidated requirements of eV2X, critical and commercial D2D communication should be satisfied with higher urgency. For communication between proximity UEs, hundreds of Mbps or Gbps data rate per UE is required, which is challenging to be satisfied by using single carrier operation as in Rel-16 NR SL[3],  hence enhancements on data rate (including introducing new spectrum and multiple carriers) need to be considered in Rel-17. Besides, transmission reliability up to 99.9%/99.99%/99.999% cannot be met by Rel-16 NR SL, hence improvement of transmission reliability should be prioritized in Rel-17.
Furthermore, considering handset UE in eV2X, critical and commercial D2D communication, the power saving mechanism should be specified in Rel-17. 
Based on above discussion, following motivations should be considered with higher priority to identify technical areas in Rel-17.
· Support of new carrier frequencies
· Increased data rate
· [bookmark: _GoBack]Enhanced reliability
· Power saving
The aspects of coverage enhancement, though beneficial for sidelink operation, can be addressed by the topic of sidelink relay. In the following, essential technical areas will be discussed separately. 
2.1. SL multi-carrier operation
CA is a promising technique to enhance both data rate and transmission reliability, which has been specified in Rel-15 LTE SL. The scenarios of CA in Rel-15 LTE SL 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, limited TX/RX capability and synchronization aspects, some new features for unicast and groupcast transmissions need to be considered in Rel-17 SL CA, such as HARQ feedback.
Moreover, cross-carrier scheduling/sensing can be supported in Rel-17, which can reduce the number of carriers for sensing. Hence, it is important for UE power saving.
2.2. FR2 operation
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. In TR 22.842, it is stated that the data rate for some NCIS services can be up to several Gbps per UE. Based on the requirements, it is definitely beneficial to use FR2 for data rate enhancement.
FR2 was captured in scope of Rel-16 NR V2X, but SL communication has not been optimized for FR2. In Rel-17 NR SL design, some optimizations for range extension in FR2 can be considered, such as beam management or antenna panel management. Moreover, if beam based operation is supported in FR2 for SL communication, a UE may not always be able to receive beam-formed transmission of other proximity UEs, hence mode 2 sensing mechanism may not work well and needs to be enhanced.
2.3. MIMO enhancement
MIMO is also a promising technique which can improve data rate and transmission reliability. In Rel-16 NR SL, only simplified MIMO design was considered. However, in Rel-17 NR SL, the operation scenarios are diverse, more performance gain to adopt MIMO transmission schemes can be expected. For example, for NCIS services, UE mobility is relative low and the channel condition between communication UE pair is relative stable compared to eV2X scenario, hence more advanced MIMO schemes can be applied.
· CSI-RS enhancement 
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.
· CSI report enhancement
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. Meanwhile, CSI report to base station can be supported to assist base station scheduling. 
2.4. Resource allocation enhancement 
· UE scheduling another UE
In order to improve transmission reliability, ‘UE scheduling another UE’ based resource allocation needs to be supported in Rel-17 NR SL, which has be proved to be beneficial for eV2X use cases during Rel-16 NR V2X SI phase. Moreover, ‘UE scheduling another UE’ operation is beneficial for NCIS use case as well, e.g.,
1) When UEs in NCIS group are from different PLMNs as shown in Figure 1., 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. 
[image: ] 
Figure 1: Communication for proximity UEs in FR1/FR2
· Mode-2d resource allocation as concluded in Rel-16 V2X SI
During Rel-16 NR V2X SI phase, in the context of mode 2-d, it has been concluded to support UE to forward scheduling command from base station to another UE. Such feature can be specified in Rel-17. 
· UE assisting another UE
Half duplex is a main factor which incurs low transmission reliability. To mitigate half duplex issue, RX UE can suggest transmission resources to TX UE, then RX UE will monitor the suggested resource instead of performing transmission on those resources. Such kind of mechanism can be named as receiver-based resource allocation. Besides reliability enhancement, receiver-based resource allocation is beneficial for power saving as well, e.g., RX UE suggests resources only on its DRX active status.
· Resource allocation to reduce power consumption of the UEs
‘Dynamic ride sharing’ in TR 22.886 and Vulnerable Road User (VRU) in 5GAA LS [7] 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.
2.5. CBG based HARQ feedback
CBG based HARQ feedback was specified in Rel-15 NR Uu. By introducing CBG based HARQ feedback, higher transmission reliability and efficiency can be expected for large packet transmission. Large packet transmission is also observed in eV2X and NCIS use cases, e.g., for high resolution video sharing in eV2X and NCIS use cases. Therefore, it is favorable to specify CBG based HARQ feedback in Rel-17 NR SL.
To support CBG HARQ feedback, new PSFCH format, new HARQ timing determination and HARQ resource determination mechanisms should be specified. Moreover, TX/TX and TX/RX multiplexing of HARQ feedback also needs to be revisited when introducing new PSFCH format.
2.6. Sidelink DRX
DRX is well-proven technology that has been supported from the first release of LTE. Therefore, it is preferred to use SL DRX for power saving purpose of handset UEs.
2.7. Wake-up signaling (WUS)
WUS is introduced in NR Uu for UE power saving, which can also be beneficial in sidelink. 
2.8. Multiple/flexible BWP
BWP is introduced in NR Uu mainly for UE power saving. In Rel-16 NR SL design, the UE type is vehicle UE, power consumption of vehicle UE is not a main concern, hence BWP related design is not attractive in Rel-16 NR SL. However, multiple UE types are supported in Rel-17 NR SL, UE power saving should be considered at least for handset UE, it is straightforward to enhance BWP related design in Rel-17 NR SL, e.g., flexible BWP.
2.9. Close-loop power control
Closed loop power control (CLPC) should be supported at least for NCIS use cases. 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 UEs can be well controlled by the scheduling gNB.
3. Conclusion
In the contribution, we provide our considerations on NR sidelink enhancements in Rel-17.
Based on above discussion, the features proposed for Rel-17 NR SL are listed in Table 1. 
Table 1 Summary of features for Rel-17 NR SL
	Technical areas
	Details 

	SL multi-carrier operation
	· Packet duplication
· Handling limited TX and RX capability
· Synchronization across sidelink carriers
· HARQ in CA 
· Cross-carrier scheduling

	FR2 operation
	· Beam management
· Multiple antenna panels 
· Enhanced sensing mechanism

	MIMO enhancement
	· Wideband and narrowband CSI-RS
· Periodic and aperiodic CSI-RS
· More than 2 layers
· PMI report
· CSI report to base station

	Resource allocation enhancement
	· UE scheduling another UE, including mode 2d as concluded in Rel-16 NR V2X SI
· UE assisting another UE, including receiver-based resource allocation
· Partial sensing

	CBG based HARQ feedback
	· New PSFCH format
· HARQ timing and resource determination
· TX/TX and TX/RX multiplexing of HARQ feedback

	Power saving
	· SL DRX
· Wake-up signaling
· Multiple/flexible BWP
· Close-loop power control


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. 
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