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1. Introduction
A WI [1] titled ‘NR Sidelink enhancement’ was approved in RAN#86. RAN4 starts this WI in this meeting according to the agenda. The objectives related to RAN4 are captured as follows:

· Support of new sidelink frequency bands for single-carrier operations [RAN4]

· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.

· The exact frequency bands are to be determined based on company input during the WI, considering both licensed and ITS-dedicated spectrum in both FR1 and FR2.

· UE Tx and Rx RF requirement for the new features introduced in this WI [RAN4]

· UE RRM core requirement for the new features introduced in this WI [RAN4]
The objectives are mainly about introducing new sidelink frequency bands and defining RF requirements for the new features power saving and enhanced reliability and reduced latency. In this contribution, we provide our preliminary views on this WI and the work related to RF aspects should be done in R17 sidelink enhancements.
2. Discussion
A brief summary of R16 NR V2X
NR sidelink enhancements in R17 will be based on the functionalities specified for R16 NR V2X [1]. For R16 NR V2X, these V2X operating bands and related core RF requirements have been done:
· ITS band for NR SL (n47)
· ITS band for LTE SL and NR SL (only TDM switching is supported) (V2X_47_n47)
· Licensed bands wholly used for NR SL in particular regions (n38)

· Inter-band con-current operation

· LTE Uu + NR SL (V2X_20_n38)
· NR Uu + LTE SL (V2X_ n71_47)
· NR Uu + NR SL (V2X_n71-n47)

· NR Uu + LTE SL + NR SL (V2X_n71_(n) 47)

In the early start of R16 NR V2X WI, to define the requirements for the refarming ITS band n47 was the major issue in our discussion. Then considering the co-working between LTE SL and NR SL, the TDM switching was supported in ITS band n47. And the switching requirements for ITS band (n)47 are still under discussion for this meeting. For V2X licensed bands, only the scenario wholly used for SL is supported. Licensed bands partially used for SL have been deferred to R17 for so many technical issues were unresolved in R16. For inter-band concurrent operation, LTE/NR Uu plus LTE/NR SL band combinations were supported in R16. And new inter-band V2X con-current band combinations are treated as a package in another R17 basket WI [2]. Aside from these V2X functionalities are supported, NR SL-MIMO is also supported in R16 NR V2X.
Licensed bands partially used for sidelink transmission

For R16 NR V2X, V2X licensed bands are restricted for SL use only in particular regions. However, the scenario when licensed bands partially used for SL can be more attractive for operators. For operators with a licensed band with a large spectrum holding intended for V2X services, it is naturally expected that part of the spectrum can allocate for SL transmission and the other part of the spectrum can still be utilised for Uu. This scenario is included in the objective of R17 NR V2X enhancements, to support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum. It is suggested to prioritize the scenario licensed bands partially used for sidelink transmission in R17 sidelink enhancements.
Proposal 1: Prioritize the scenario licensed bands partially used for sidelink transmission in R17 sidelink enhancements.
All of these following major technically issues left unresolved in R16 [3] can be further studied in R17:
· UE operations for licensed bands partially used for SL transmission
· RF architecture for V-UE operating in licensed bands partially used for SL   

· The core RF requirements

· The synchronization issues for simultaneous SL and Uu transmission

· The synchronization reference source

· Transmission timing between Uu and SL

· The frequency separation between Uu and SL
NR V2X in FR2
It can be observed that all these V2X bands and con-current band combinations in Rel-16 are defined in FR1. NR V2X in FR2 was deferred in the beginning of R16 V2X. However, FR2 can be very important for NR V2X for supporting advanced services with extremely high data rate requirement. It is suggested that introduce at least one FR2 frequency band for R17 sidelink enhancements. And RAN4 should specify corresponding RF requirements for NR V2X. In FR2, Power class 2 is specified based on the assumption of Vehicular UE with specific device architectures. When start the work in FR2 for NR V2X, PC2 related requirements defined for vehicular UE can be a baseline defining requirements for R17 NR V2X.
Proposal 2: Introduce at least one FR2 frequency band and specify corresponding requirements for R17 enhancements.
Potential ITS frequency bands
Another aspect mentioned in the objective is to investigate the dedicated ITS bands in FR1 and FR2. For now, ITS band 5.9GHz from 5855MHz to 5925MHz has been utilised by DSRC and LTE V2X, NR V2X. Some potential ITS dedicated bands in Europe [4] are listed as follows:
· 3.4GHz – need further discussion

· 63-64GHz

· One GHz of spectrum in the frequency range of oxygen absorption region - 15dB/km

· Overlaps with IEEE 802.11ad (Wi-Gig) frequency operation range => potential coexistence issues

· 76-81 GHz 

· Better channel propagation characteristics

· Larger chunk of spectrum allocation is available that can be used for ITS applications
As observed above, the main ITS band in FR1 is 5.9GHz band, however, mmWave dedicated ITS spectrum can be a studying point. It is worth noted that the potential ITS bands exceed the frequency range of FR2. The frequency range 63-64GHz is in the scope of SI B52. 6GHz. The frequency range from 76 to 81 GHz is out of any agreed SI/WI. RAN4 can discuss how to introduce the potential ITS bands in mmWave based on regional regulations. 
Proposal 3: RAN4 can focus the study on the frequency range 63-64GHz for ITS dedicated spectrum in R17 sidelink enhancements.
HPUE for NR V2X

In Rel-16 NR V2X, PC2 related requirements were proposed for SL-MIMO and removed for the power class would be ambiguous. In LTE V2X, PC2 is supported for SL transmission. Also, in DSRC, the maximum permissible transmit power can reach to 33dBm. To improve the competitiveness with LTE V2X and DSRC, it is considerable to introduce PC2 for single ITS band. For SL-MIMO, we can further discuss to support PC2. 
For inter-band V2X con-current band combinations, PC3 is the default power class. Typically, the implementation of NR V2X UE for inter-band con-current assumes that the Uu and SL are using different modems and separate RF chains. Thus, Uu power is unaware of SL power, in which case there is no dynamic power sharing. If inter-band con-current operation needs to comply with PC3 requirement, that is, power split would be 20dBm for Uu and 20dBm for SL fairly. In practice, neither SL interface nor Uu interface can use PC3, which would degrade the coverage and performance for Uu and SL. It is suggested to introduce PC2 for inter-band con-current operation for better performance in R17.
For Rel-17 sidelink enhancements, we suggest to introduce PC2 (+26dBm) for SL transmission for these aspects：
· PC2 for single ITS band

· PC2 for SL-MIMO

· PC2 for inter-band con-current band combinations

Proposal 4: Introduce PC2 for at least one of these operations in R17, single ITS band, SL-MIMO, inter-band con-current band combinations.
Tx diversity
Transit diversity can be an effective approach to improve the reliability for SL transmission. However, Tx diversity related issues are under discussion in the main forum in RAN4. R17 NR V2X can capture the requirements for SL transmission after the requirements for NR TX diversity has been finalized in the main forum.
Proposal 5: The Tx diversity requirements for SL transmission can be captured after the requirements for NR TX diversity has been finalized in the main forum.
Multi-carrier scenario
For R16 NR V2X, only single carrier is supported for SL transmission. However, multi-carrier scenario may be a good way to enhance R17 V2X.
The potential uses for multi-carrier scenarios are listed as follows:
· SL over PC5 on multiple carriers; 

· SL over PC5 and Uu both on the same single carrier

· SL over PC5 and Uu, each on a separate carrier
The first scenario SL over PC5 on multiple carriers can be supported in an ITS band, or in an ITS band and a licensed band used for SL. The other scenarios are cover in the scenario licensed bands partially used for sidelink transmission. It is suggested that SL over PC5 on multiple carriers can be supported in R17 sidelink enhancements.
Proposal 6: To study SL over PC5 on multiple carriers in R17 sidelink enhancements.
3. Conclusion
This contribution discusses the general aspects on NR sidelink enhancements in R17. The following proposals are made:
Proposal 1: Prioritize the scenario licensed bands partially used for sidelink transmission in R17 sidelink enhancements.
Proposal 2: Introduce at least one FR2 frequency bands and specify corresponding requirements for R17 enhancements.
Proposal 3: RAN4 can focus the study on the frequency range 63-64GHz for ITS dedicated spectrum in R17 sidelink enhancements.
Proposal 4: Introduce PC2 for at least one of these operations in R17, single ITS band, SL-MIMO, inter-band con-current band combinations.
Proposal 5: The Tx diversity requirements for SL transmission can be captured after the requirements for NR TX diversity has been finalized in the main forum.
Proposal 6: To study SL over PC5 on multiple carriers in R17 sidelink enhancements.
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