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1 Introduction
In RAN #83 meeting, a new WI “5G V2X with NR sidelink” was approved [1]. In accordance to the WI objectives, “RRM core requirement” need to be specified in RAN4. Considering RAN1 is discussing the NR sidelink design and the burden in RAN4 RRM Core requirement finalization, only high level analysis for RAN4 spec impact is suggested in draft agenda.
In this paper, we discuss possible RAN4 spec impact based on newest RAN1’s agreement.
2 New Physical layer Design
In NR V2X, some new physical layer design have introduced compared with LTE V2X. In RAN1 #96 meeting, an agreement of NR V2X waveform supports CP-OFDM only in R16. It means that all LTE V2X RRM requirement cannot be directly reused because of different waveform in NR.
	RAN1 #96 meeting
Agreements:
Rel-16 NR sidelink supports CP-OFDM only.


[bookmark: _Ref7430390]Proposal 1: NR V2X RRM requirement cannot directly re-use LTE V2X because of different waveform.
In NR V2X, the numerology for PSSCH and PSCCH is similar as NR design based on RAN1’s agreement. Especially, the SL SSB should have the same numerology as data and control channel in RAN1’s agreement which means that no FDM-ed mix-numerology is needed between SSB and data. At the same time, the SL SSB possibly could be designed as SCS=60KHz based on these RAN1’s agreement. The detail discussion is ongoing in RAN1.
[bookmark: _Ref7430356]Observation 1: SL SSB should have the same numerology as data and control channel. No FDM-ed mix-numerology needs to be considered in NR V2X RRM requirement.
[bookmark: _Ref7430360]Observation 2: Up to RAN1’s discussion, SL SSB SCS could possibly be 60KHz.
[bookmark: _Ref7430395]Proposal 2: NR V2X RRM requirement should consider new SL SSB design from RAN1.
	RAN1 #95 meeting
Agreements:
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier.
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
RAN1 #96 meeting
Agreements:
· For PSCCH/PSSCH in FR2, NR V2X supports normal CP for 60 kHz, 120 kHz, and extended CP for 60 kHz.



In NR V2X, there are also lots of discussion about SL BWP as follow. From RAN1’s agreement, there is only one SL BWP per carrier. That means RRM requirement needn’t to consider DCI-based and timer-based SL BWP switching in NR V2X, but RAN4 still possible need to consider the requirement for RRC-based SL BWP switching. At the same time, it seems the switching between SL BWP and Uu BWP should also be considered in NR V2X RRM requirement. The detail design for SL BWP is still on going in RAN1 and RAN2 and the target is to reduce the BWP switching delay, even for zero latency delay design in BWP switching.
[bookmark: _Ref7430364]Observation 3: RAN4 may need to consider impact on RRC-based BWP switching in SL BWP and BWP switching between SL BWP and Uu BWP in NR V2X RRM requirement.
[bookmark: _Ref7430399]Proposal 3: Discussion on BWP switching requirements should wait for RAN1 and RAN2’s conclusion.
	RAN1 #95 meeting
Agreements:
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· The same SL BWP is used for both Tx and Rx.
RAN1 #AH1901
Agreements:
· Only one SL BWP is configured in a carrier for a NR V2X UE.
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time. 



3 New Sync. Design
In legacy LTE V2X, the sidelink synchronization is designed as 6 PRBs based on DFT-S-OFDM. In NR V2X, the synchronization signals (PSS/SSS) along with the physical broadcast channel (PBCH) are constructed in the block as the SSB. Similar to NR, the synchronization mechanism is designed to support the beamforming with potential beam sweeping in time. To support the same or better coverage to that of LTE under the same Tx/Rx configuration, the NR V2X S-SSB is agreed as 11PRBs. The same Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS is reused from NR. 
To guarantee the similar performance compared with LTE V2X, the repetition for S-PSS and S-SSS is agreed. One option for the detail design for these two symbols is just repetition. Another choice is to use two different sequences for these two symbols. The advantage of using different sequences is to avoid the possible bad cross-correlation in multi-cells synchronization. RAN4 should still wait RAN1’s final design for these two symbols repetition. 
	RAN1 #96bis meeting
Agreements:
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.


[bookmark: _Ref7430368]Observation 4: In NR V2X, S-SSB bandwidth is 11RBs other than 20RBs in NR. 
[bookmark: _Ref7430370]Observation 5: S-PSS and S-SSS sequences re-use the design in NR but with the symbol repetition.
[bookmark: _Ref7430373]Observation 6: The detail design for two-symbol repetition S-PSS and S-SSS should wait RAN1’s design.
For timing synchronization in NR V2X, one possible impact is that the S-SSB RB number is changed from 20 RBs to 11 RBs. Another issue is that NR V2X may use other sidelink RS other than SLSS to estimate timing. One of the scenario is the tunnel where the UE is assumed to not have GNSS coverage and the oscillator (XO) will be drifting. UE should possibly use non- SyncRef UEs to track the timing. Whether this has specification impact or not is still FFS in RAN1.
	RAN1 #96
Agreements:
· NR V2X supports using a sidelink RS for synchronization purpose
· Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier.
· This RS is not a standalone RS and not part of SLSS.
· This RS will not appear in the synchronization procedure for the selection of sync sources.
· RS used for the synchronization purpose would not impact any sidelink RS design.
· FFS: Whether this RS is DM RS or other RS
· FFS: Whether this could be achieved by UE implementation
· FFS: Specification impact


[bookmark: _Ref7430377]Observation 7: RAN1 possible introduce new timing tacking mechanism in NR V2X.
[bookmark: _Ref7430410]Proposal 4: RAN4 should consider the new 11RBs S-SSB design on transmit timing requirement. 
[bookmark: _Ref7430415]Proposal 5: RAN4 should consider the possibility of introducing sidelink RS for synchronization in defining timing requirement.
4 Sidelink Unicast, Sidelink Groupcast 
Unicast, Groupcast
In legacy LTE V2X, the design focus on broadcast services. A safety message is broadcasted to all surrounding UEs, and a UE needs to monitor all messages received. Therefore, Group destination ID or other ID for source/destination identification is not needed in physical layer. 
In NR V2X, some new scenarios are introduced [2]. For example, there exists leader and slaver in a platoon. A leader may need to control the resource allocation and transmission behavior of a slave. It is hence important to introduce groupcast communication in physical layer. Furthermore, exchanging sensor data or camera footage among vehicles will require unicast communication. Thus, RAN plenary has agreed that NR sidelink will support sidelink unicast, sidelink groupcast for V2X services.
[bookmark: _Ref7430380]Observation 8: Sidelink unicast, Sidelink groupcast for V2X services are introduced in NR V2X.
[bookmark: _Ref7430422]Proposal 6: RAN4 should study the impact of new unicast and groupcast scenarios.
HARQ feedback
In legacy LTE V2X, the retransmission is based on best effort design. The number of transmissions K for a packet is (pre)configured, since it is often unclear what the channel situation of potential receivers is and the worst case is always assumed.
In NR sidelink unicast, if the channel conditions between a pair of UEs are good enough, it’s possible that the transmission is successful with less than K (re)transmissions, hence HARQ feedback mechanism is introduced in sidelink unicast. In NR sidelink groupcast, similar to unicast, the redundant retransmission can be reduced if HARQ-ACK feedback is supported. The difference to unicast is that a group of UEs need to feed back the HARQ-ACKs to the transmitter. Thus, a new channel PSFCH is defined and support to convey SFCI for unicast and groupcast in RAN1. In latest RAN1 #96bis meeting, using TX-RX distance to trigger the HARQ feedback is agreed. RAN1 still need further discussion on whether introducing RSRP metric to decide whether to send HARQ feedback.
	RAN1 #94bis meeting
Agreements:
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
RAN1 #95 meeting
Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.

RAN1 #96bis meeting
Agreements:
· For sidelink groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback.


[bookmark: _Ref7430383]Observation 9: A new channel PSFCH is introduced to support unicast and groupcast HARQ feedback in RAN1.
[bookmark: _Ref7430428]Proposal 7: RAN4 should study the impact on HARQ feedback mechanism introduced for unicast and groupcast.
5 Summary
In this paper, we give an overview for RAN4 spec. impact based on RAN1’s NR V2X design.
Observation 1: SL SSB should have the same numerology as data and control channel. No FDM-ed mix-numerology needs to be considered in NR V2X RRM requirement.
[bookmark: _GoBack]Observation 2: Up to RAN1’s discussion, SL SSB SCS could possibly be 60KHz.
Observation 3: RAN4 may need to consider impact on RRC-based BWP switching in SL BWP and BWP switching between SL BWP and Uu BWP in NR V2X RRM requirement.
Observation 4: In NR V2X, S-SSB bandwidth is 11RBs other than 20RBs in NR.
Observation 5: S-PSS and S-SSS sequences re-use the design in NR but with the symbol repetition.
Observation 6: The detail design for two-symbol repetition S-PSS and S-SSS should wait RAN1’s design.
Observation 7: RAN1 possible introduce new timing tacking mechanism in NR V2X.
Observation 8: Sidelink unicast, Sidelink groupcast for V2X services are introduced in NR V2X.
Observation 9: A new channel PSFCH is introduced to support unicast and groupcast HARQ feedback in RAN1.
Proposal 1: NR V2X RRM requirement cannot directly re-use LTE V2X because of different waveform.
Proposal 2: NR V2X RRM requirement should consider new SL SSB design from RAN1.
Proposal 3: Discussion on BWP switching requirements should wait for RAN1 and RAN2’s conclusion.
Proposal 4: RAN4 should consider the new 11RBs S-SSB design on transmit timing requirement.
Proposal 5: RAN4 should consider the possibility of introducing sidelink RS for synchronization in defining timing requirement.
Proposal 6: RAN4 should study the impact of new unicast and groupcast scenarios.
Proposal 7: RAN4 should study the impact on HARQ feedback mechanism introduced for unicast and groupcast.
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