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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’s ongoing discussion on 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 Overview
In legacy LTE, the V2X requirement is defined as follow.
· Timing
· Synchronization Related
· Initiation/Cease of SLSS Transmission
· Selection/Reselection of V2X Synchronization Reference Source
· S-PSS/S-SSS detection performance
· Measurement Related
· S-RSRP accuracy 
· Autonomous resource selection/reselection
· PSSCH-RSRP accuracy
· S-RSSI accuracy
· Congestion control measurements
· One shot S-RSSI accuracy
Currently, in NR V2X, the skeleton of V2X requirement could refer to legacy LTE and consider the new feature introduced by NR V2X. Firstly, the new BWP concept has introduced in NR and NR V2X. Secondly, the new groupcast and unicast scenarios have introduced in NR. The HARQ and RLM procedure should be considered. At the same time, the PSSCH-RSRP measurement may be not suitable because the precoding for PSSCH channel will be used in the unicast scenario. Afterwards, UE should also consider the HARQ feedback when UE measure S-RSSI. Naturally, the synchronization related requirement should be re-evaluated because new synchronization sequence, pattern and waveform are used in NR V2X. Thus, in our opinion, RAN4 RRM should identify which potential issues need to be studied at first. 
[bookmark: _Ref16167408]Proposal 1: RAN4 RRM should identify which potential issues need to be studied.  
· Timing
· Interruption
· RRC reconfiguration
· Sidelink colliding with uplink
· BWP switching
· Sync source change
· BWP switching delay
· Synchronization Related
· Initiation/Cease of SLSS Transmission
· Selection/Reselection of V2X Synchronization Reference Source
· S-PSS/S-SSS detection performance
· Measurement Related
· S-RSRP accuracy 
· Autonomous resource selection/reselection
· [PSSCH-RSRP accuracy]
· S-RSSI accuracy
· Congestion control measurements
· One shot S-RSSI accuracy
· Unicast, groupcast related
· HARQ feedback procedure for groupcast
· RLM for unicast
The detail discussion for synchronization and measurement related issues could refer to our other Tdocs.
3 BWP Switching
In NR V2X, some new physical layer design have been introduced compared with LTE V2X. For example, SL BWP was agreed to be introduced in NR V2X. From RAN1’s agreement, there is only one SL BWP per carrier. There are two typical scenarios for SL UE.
	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. 



[bookmark: _Ref15915809]Observation 1: Only one SL BWP will be configured in a carrier for NR V2X UE.
Whether BWP switch is needed can be categorized into 2 cases.
· SL UE is Out of Coverage on SL carrier
Considering there is only one SL BWP, BWP switching isn’t needed when SL UE is OoC.
[bookmark: _Ref15915819]Proposal 2: Do not define BWP switching when SL UE is Out of Coverage on SL carrier.
· SL UE is In Coverage with a serving cell on SL carrier 
If SL UE can work on shared carrier within a serving cell, RAN4 should consider to define the BWP switching requirement between SL BWP and Uu BWP, but it depends on RAN4 RF to define whether this scenario exists. Thus, RAN4 RRM session should wait RAN4 RF, RAN1 and RAN2’s further agreements before discussing SL BWP switching in shared carrier. 
[bookmark: _Ref7430399]Proposal 3: Whether discuss on SL BWP switching in shared carrier should wait for RAN4 RF, RAN1 and RAN2’s conclusion.
4 Interruption
In NR, there are lots of discussion on interruption. Typically, the reasons of interruption are based on the following factors:
· Extending/reducing the bandwidth of an already operational RF chain 
· Switch on/off an RF chain
· Changing local oscillator
· SCS change etc.
In NR V2X, the discussion of interruption to Uu link should base on the relationship of sidelink and Uu link as follow.
1. Single CC with dedicated carrier
Naturally, there is no interruption to Uu link when UE is out of coverage on the V2X sidelink carrier only.
[bookmark: _Ref16068327]Observation 2: There is no interruption to Uu link when UE is out of coverage on the V2X sidelink carrier only.
2. Multiple CC with dedicated carrier
· RRC reconfiguration
An interruption for all activated serving cells within the same FR could happen during the RRC reconfiguration procedure when sidelink carrier is configured or deconfigured. This interruption requirement could re-use the agreed UL carrier RRC reconfiguration in NR as follow.
[bookmark: _Ref16068341]Proposal 4: The interruption to Uu link due to sidelink RRC reconfiguration is as follow.
Interruption with EN-DC/NE-DC
	[image: ]
	NR Slot length (ms)
	Interruption length X4 slot

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	2
	3

	2
	0.25
	5

	3
	0.125
	9


Interruption with NR CA/NR-NR DC
	[image: ]
	NR Slot length (ms)
	Interruption length

	0
	1
	1

	1
	0.5
	2

	2
	0.25
	4

	3
	0.125
	8



3. SCC with shared carrier
In legacy LTE, the sidelink service only works on ITS band. RAN4 RF session is discussing whether shared carrier scenario exist or not in NR V2X. If yes, we can foresee interruption would happen when UE is in-coverage with a serving cell on V2X sidelink carrier. 
[bookmark: _Ref16068344]Proposal 5: RAN4 RRM should wait RF session to clarify the sidelink scenario before discussing interruption to Uu link.
· Sidelink collision with Uplink
The sidelink transmission may collide with uplink transmission when UE is in-coverage with a serving cell on Sidelink carrier, but this is not the typical interruption scenario. It should be covered by scheduling restriction or dropping rule. In legacy LTE, this scenario is described in RAN1 specification so that RAN4 should wait the decision on RAN1 whether still capture this collision in TS 38.211.
[bookmark: _Ref16068330]Observation 3: RAN1 captured the collision rule for sidelink transmission with uplink transmission in legacy LTE.
[bookmark: _Ref16068347]Proposal 6: RAN4 RRM should wait RAN1 decision before capturing this scheduling restriction in RAN4.
4. MCC with shared carrier
· Sidelink BWP switching
In NR V2X, the SL BWP is introduced, which is different with legacy LTE. Once SL BWP has the different bandwidth or center frequency with Uu BWP, the interruption will happen when BWP switching between SL and Uu on UE which is in-coverage with a serving cell on Sidelink carrier. The detail BWP switching interruption time should wait RAN1’s design for the detail of SL BWP. The basic SL BWP switching interruption requirement could refer on NR BWP switching.
[bookmark: _Ref16068350]Proposal 7: The SL-Uu BWP switching interruption length could refer on NR BWP switching if RAN4 needs to define SL BWP switching interruption.
5 Sidelink Unicast, Sidelink Groupcast Impact 
Unicast, Groupcast
In legacy LTE V2X, the design focused 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 4: Sidelink unicast, Sidelink groupcast for V2X services are introduced in NR V2X.
[bookmark: _Ref7430422]Proposal 8: 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 situations of potential receivers are, and thus the worst case is always assumed.
In NR sidelink unicast, if the channel condition between a pair of UEs is 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 supported to convey SFCI for unicast and groupcast in RAN1. In latest RAN1 #96bis meeting, using TX-RX distance to trigger the HARQ feedback was agreed. RAN1 still needs further discussion on whether send HARQ feedback based on RSRP metric.
	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 5: A new channel PSFCH is introduced to support unicast and groupcast HARQ feedback in RAN1.
[bookmark: _Ref7430428]Proposal 9: RAN4 should study the impact on HARQ feedback mechanism introduced for unicast and groupcast.
RLM
RAN2 has agreed to support sidelink RLM/RLF in NR-V2X for unicast and sent an LS [3] to RAN1 with CC to RAN4. In NR Uu, a periodic reference signal (e.g., either SSB or CSI-RS) is used as RLM-RS; and IS/OOS is determined based on the measurement of RLM-RS. In the LS, RAN2 mentioned that reuse Uu RLM (at least for counter and timer aspects) for SL RLM is preferred as baseline. However, no periodic reference signal has been introduced for NR V2X sidelink so far in RAN1. So RAN1 is still working on which reference signal and the metric will be used in NR RLM.
	RAN1 #96bis Agreements:
· No new reference signal dedicated to SL RLM is introduced. 
· Existing SL RS is reused for SL RLM/RLF
· Note: CSI-RS is not precluded
· RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes
· FFS:
· Whether SL RS is transmitted in a stand-alone manner for SL RLM/RLF 
· Regarding metric for SL RLM/RLF declaration, RAN1 discussed the following (to be further studied):
· Reuse IS/OOS metric in Uu RLM as much as possible but considering the condition that RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes
· Other metrics, e.g., congestion control metric (similar to CBR in LTE), consecutive HARQ-NACKs, etc.
· Note: RAN1 expects further input from RAN2 to further progress on this topic


[bookmark: _Ref15915813]Observation 6: Sidelink RLM/RLF will be support in NR V2X for unicast.
[bookmark: _Ref15915826]Proposal 10: RAN4 should consider to define SL RLM requirement in NR V2X for unicast. 
6 Summary
In this paper, we give an overview for RAN4 spec. impact based on RAN1’s NR V2X design.
Observation 1: Only one SL BWP will be configured in a carrier for NR V2X UE.
Observation 2: There is no interruption to Uu link when UE is out of coverage on the V2X sidelink carrier only.
Observation 3: RAN1 captured the collision rule for sidelink transmission with uplink transmission in legacy LTE.
Observation 4: Sidelink unicast, Sidelink groupcast for V2X services are introduced in NR V2X.
Observation 5: A new channel PSFCH is introduced to support unicast and groupcast HARQ feedback in RAN1.
Observation 6: Sidelink RLM/RLF will be support in NR V2X for unicast.
Proposal 1: RAN4 RRM should identify which potential issues need to be studied.
· Timing
· Interruption
· RRC reconfiguration
· Sidelink colliding with uplink
· BWP switching
· Sync source change
· BWP switching delay
· Synchronization Related
· Initiation/Cease of SLSS Transmission
· Selection/Reselection of V2X Synchronization Reference Source
· S-PSS/S-SSS detection performance
· Measurement Related
· S-RSRP accuracy 
· Autonomous resource selection/reselection
· [PSSCH-RSRP accuracy]
· S-RSSI accuracy
· Congestion control measurements
· One shot S-RSSI accuracy
· Unicast, groupcast related
· HARQ feedback procedure for groupcast
· RLM for unicast
Proposal 2: Do not define BWP switching when SL UE is Out of Coverage on SL carrier.
Proposal 3: Whether discuss on SL BWP switching in shared carrier should wait for RAN4 RF, RAN1 and RAN2’s conclusion.
Proposal 4: The interruption to Uu link due to sidelink RRC reconfiguration is as follow.
Proposal 5: RAN4 RRM should wait RF session to clarify the sidelink scenario before discussing interruption to Uu link.
Proposal 6: RAN4 RRM should wait RAN1 decision before capturing this scheduling restriction in RAN4.
Proposal 7: The SL-Uu BWP switching interruption length could refer on NR BWP switching if RAN4 needs to define SL BWP switching interruption.
Proposal 8: RAN4 should study the impact of new unicast and groupcast scenarios.
Proposal 9: RAN4 should study the impact on HARQ feedback mechanism introduced for unicast and groupcast.
Proposal 10: RAN4 should consider to define SL RLM requirement in NR V2X for unicast.
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