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1 Introduction

In the last Ran4#78bis meeting, one WF[1] on RRM list impacted by V2V was agreed. In the WF, V2V synchronization, high speed of vehicle and RAN1/2 specification impact were agreed to be considered. And, according to agreed work plan,  in this meeting we are subject to discuss on analysis of RRM core requirements and agree on simulation assumption if needed. This paper provides the analysis on RRM core requirements.
2 Discussion
In this paper, we analyze RRM requirement for V2V with possible options based on Ran4 and Ran1 agreements to complete it in time. 

 RAN4 agreed the following WF in the last meeting.

	· V2V synchronization (including GNSS-based, eNB-based and PC-5 based) should be considered for RRM requirements.

· High speed of vehicle should be considered for RRM core requirements.

· Other RRM core requirements can be considered according to decision of RAN1/2 specification.


And, RAN1 agreed as follow.

Regarding  V2V synchronization,
	· Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps

· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured

· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case

· FFS: The priority order for out of coverage case

	GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE
 directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.

eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V

Priority of GNSS or GNSS-equivalent for other cases needs further study

Priority of other synchronization source needs further study

· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied

· RAN1 will not optimize only for this scenario

· This scenario needs to be supported from the synchronization perspective

RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent

· Asynchronous network case should be supported.


Regarding priority of SL Tx,
	· SL TX for V2V can be prioritized over WAN TX 

· FFS the details (e.g., applicability to Mode 1 and/or Mode 2, etc), especially whether existing D2D mechanism can be reused,

· The prioritization is managable by eNB. Details FFS.


Regarding capability of receive,
	· The same receiver capability of D2D communication UEs is assumed for V2V UEs. That is, a Rx chain is available at all time to receive V2V signals without affecting WAN reception (from RAN1 perspective) when the UE is configured to receive V2V.


Regarding MCC operation,

	Conclusion:
· RAN1 may investigate following coexistence issues of PC5-based V2V operation and legacy Uu operation 
· Inter-UE coexistence in the same carrier frequency

· This includes the case where in-band emission of PC5-V2V transmission from UE A interferes with UL transmission from UE B in the same carrier and vice versa.

· Intra-UE coexistence in the same carrier frequency

· This includes the following cases: 

· (1) a single UE is scheduled to transmit PC5-V2V and UL at the same time.

· (2) a single UE is monitoring PC5-V2V and DL simultaneously.

· Intra-UE coexistence in different carrier frequency

· This is similar to the issue of ‘intra-UE coexistence in the same carrier frequency’ but differs from the fact that the transmissions/receptions are in two different carrier frequencies.

· Note that existing scheme/solution is not precluded to solve coexistence issues
If existing scheme/solution are not sufficient, detailed solutions are FFS


Regarding MCC operation, Ran4 had WF in the last meeting as follows.

	· The multiple component carrier (MCC) operation for V2V service can be discussed as second priority in the V2V WI. 
· If the MCC operation for V2V service can’t be completed within V2V WI time line, RAN4 suggests to further study in Rel-14 pending on RAN agreement.


Regarding RS structure,
	Working assumption in Ran1:
· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)
· Alt 1 : “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)


From these agreements,  we analyze the related RRM core requirement in In-coverage and Out of Coverage. Here, we assume that Ran4 don’t have to specify any requirement related to reception of GNSS as performance of GNSS reception is left on UE implementation. And UE in V2V operation is assumed to have receiver of GNSS.
To analyze RRM requirement, we assume different synchronization source for In-coverage and Out of coverage as below.

· In-Coverage 

· eNB

· GNSS

· GNSS based UE

· Out of Coverage 

· GNSS

· GNSS based UE

· eNB based UE

· PC-5(Neither GNSS nor eNB based UE)

2.1 ProSe UE transmission timing
ProSe UE transmission timing requirements specify TA(timing advance) and TE(timing error). According to timing reference source, related TA and TE requirement can be addressed for IC and OoC. Here, possible priority order of synchronization source is considered to make progress in RRM core requirement even though it has been discussing in RAN1.
· In-Coverage (according to time reference)
· eNB 

· Reuse the existing requirement

· GNSS 
· New requirements, provided that UE detects reliable GNSS signal.
· For TA, we need to wait RAN1 decision how to handle in case that PC5-V2V transmission from UE A interferes with UL transmission from UE B in the same carrier, however we can discuss with different options.

· For TE, regarding that the existing requirement, 24*Ts is equal to 0.78ppm per 1 second  and 12*Ts is equal to 0.4ppm per 1second. So, 24*Ts can be used as transmission timing error for low cost GNSS receiver .
· Option 1 
· TA = 0·Ts & TE =  24·Ts

· Option 2

· TA = TBD & TE = 24·Ts

·  GNSS based UE

· Provided that GNSS signal is unreliable so that UE does not detect GNSS ; and
· if SLSS of GNSS based UE is defined in RAN1; and 
· when Priority order is  GNSS > GNSS based UE > eNB 
· Reuse the existing requirement in OoC 
· Otherwise (e.g., GNSS > eNB > GNSS based UE )

·  N/A
· if SLSS of GNSS based UE is not defined in RAN1

· N/A
· Out Of Coverage (depending on priority, FFS for priority order)
· GNSS 
· New requirements, provided that UE has GNSS receiver and GNSS signal is reliable.
· TA = 0·Ts(NTA,SL=0, NTAoffset=0) &  TE = 24·Ts

· SyncRef UE

· GNSS-based UE 
· Provided that GNSS signal is unreliable so that UE does not detect GNSS ;
· if SLSS of GNSS based UE is defined in RAN1; 
· Reuse the existing requirement in OoC 

· when priority order is GNSS > GNSS based UE > eNB based UE > PC-5 UE; and 
· UE detects SLSS of GNSS based UE; 
· when GNSS > eNB based UE > GNSS based UE > PC-5 UE; and 
· UE doesn’t detect SLSS of eNB based UE; and 
· UE detects SLSS of GNSS based UE
· if SLSS of GNSS based UE is not defined in RAN1

· N/A
· eNB-based UE 
· Provided that GNSS signal is unreliable so that UE does not detect GNSS;
· if SLSS of GNSS based UE is defined in RAN1; 
· Reuse the existing requirement in OoC 

· when priority order is GNSS > eNB based UE > GNSS based UE > PC-5 UE; and 
· UE detects SLSS of eNB based UE; 
· when priority order is GNSS > GNSS based UE > eNB based UE > PC-5 UE; and 
· UE doesn’t detect SLSS of GNSS based UE; and 
· UE detects SLSS of eNB based UE

· if SLSS of GNSS based UE is not defined in RAN1; and
·  Reuse the existing requirement in OoC 

· when GNSS > eNB based UE > PC-5 UE ; and 

· UE detects SLSS of eNB based UE 

· PC-5 UE(Neither GNSS nor eNB based UE)
· Provided that GNSS signal is unreliable so that UE does not detect GNSS;

· if SLSS of GNSS based UE is defined in RAN1; 
· Reuse the existing requirement in OoC

· when priority order is GNSS > eNB based UE > GNSS based UE > PC-5 UE; or  GNSS > GNSS based UE > eNB based UE > PC-5 UE; and 
· UE doesn’t detect SLSS of GNSS based UE; and 
· UE doesn’t detect SLSS of eNB based UE; and
· UE detects SLSS of PC-5 UE
· if SLSS of GNSS based UE is not defined in RAN1; and
· Reuse the existing requirement in OoC

· when priority order is GNSS > eNB based UE > PC-5 UE; and 
· UE doesn’t detect SLSS of eNB based UE; and 
· UE detects SLSS of PC-5 UE
2.2 Selection/Reselection of ProSe Synchronization Reference 
This requirement specifies the detection time of synchronization reference (Tdetect,SyncRef )for selection or reselection according to priority order.
· In-Coverage

· eNB 
· N/A
· GNSS 
· Detection time of GNSS signal is left on UE implementation  and  RAN4 have not specified GNSS reception requirement in RRM.  

· N/A
· GNSS based UE
· Provided that GNSS signal is unreliable so that UE does not detect GNSS;
· if SLSS of GNSS based UE is defined in RAN1

· when GNSS > GNSS based UE > eNB 

· Option 1 : Reuse the existing requirement in OoC

· 2% drop in 20 seconds

· Option 2 : New requirement
· [5]% drop in 20 seconds( regarding 2.5 times (40ms ( 100ms) in RAN1)

· otherwise(e.g., GNSS > eNB > GNSS based UE )

·  N/A 
· if SLSS of GNSS based UE is not defined in RAN1

· N/A
· Out Of Coverage 

· GNSS 

· Detection time of GNSS signal is left on UE implementation  and  RAN4 have not specified GNSS reception requirement in RRM.  

· N/A
· SyncRef UE

· GNSS-based UE 

· Provided that GNSS signal is unreliable so that UE does not detect GNSS ;
· if SLSS of GNSS based UE is defined in RAN1; 

· when priority order is GNSS > GNSS based UE > eNB based UE > PC-5 UE; and 
· UE detects SLSS of GNSS based UE; 
· when GNSS > eNB based UE > GNSS based UE > PC-5 UE; and 
· UE doesn’t detect SLSS of eNB based UE; and 
· UE detects SLSS of GNSS based UE
· Option 1 : Reuse the existing requirement in OoC

· 2% drop in 20 seconds
· Option 2 : New requirement

· [5]% drop in 20 seconds( regarding 2.5 times (40ms ( 100ms) in RAN1)

· eNB-based UE 

· Provided that GNSS signal is unreliable so that UE does not detect GNSS;
· if SLSS of GNSS based UE is defined in RAN1; 
· Reuse the existing requirement in OoC 

· when priority order is GNSS > eNB based UE > GNSS based UE > PC-5 UE; and 

· UE detects SLSS of eNB based UE; 

· when priority order is GNSS > GNSS based UE > eNB based UE > PC-5 UE; and 

· UE doesn’t detect SLSS of GNSS based UE; and 

· UE detects SLSS of eNB based UE

· Option 1 : Reuse the existing requirement in OoC

· 2% drop in 20 seconds

· Option 2 : New requirement

· [5]% drop in 20 seconds( regarding 2.5 times (40ms ( 100ms) in RAN1)

· if SLSS of GNSS based UE is not defined in RAN1; and

· when GNSS > eNB based UE > PC-5 UE ; and 

· UE detects SLSS of eNB based UE 

· Option 1 : Reuse the existing requirement in OoC

· 2% drop in 20 seconds

· Option 2 : New requirement

· [5]% drop in 20 seconds( regarding 2.5 times (40ms ( 100ms) in RAN1)

· PC-5 UE(Neither GNSS nor eNB based UE)

· Provided that GNSS signal is unreliable so that UE does not detect GNSS;

· if SLSS of GNSS based UE is defined in RAN1; 
· when priority order is GNSS > eNB based UE > GNSS based UE > PC-5 UE; or  GNSS > GNSS based UE > eNB based UE > PC-5 UE; and 
· UE doesn’t detect SLSS of GNSS based UE; and 
· UE doesn’t detect SLSS of eNB based UE; and
· UE detects SLSS of PC-5 UE

· Option 1 : Reuse the existing requirement in OoC

· 2% drop in 20 seconds

· Option 2 : New requirement

· [5]% drop in 20 seconds( regarding 2.5 times (40ms ( 100ms) in RAN1)
· if SLSS of GNSS based UE is not defined in RAN1; and
· when priority order is GNSS > eNB based UE > PC-5 UE; and 
· UE doesn’t detect SLSS of eNB based UE; and 

· UE detects SLSS of PC-5 UE

· Option 1 : Reuse the existing requirement in OoC

· 2% drop in 20 seconds

· Option 2 : New requirement

· [5]% drop in 20 seconds( regarding 2.5 times (40ms ( 100ms) in RAN1)

2.3 Initiation/Cease of SLSS transmissions 

This requirement specifies the evaluation time(Tevaluate,SLSS )of measurement for initiation or cease of SLSS transmissions when networkControlledSyncTx is not configured and related threshold is included.
· In-Coverage
· eNB based SLSS
· Reuse the existing requirement with limited low DRX cycle regarding high speed 

· GNSS based SLSS
· if defined in RAN1

· Need new parameter like syncTxThreshGNSS for comparing with received signal level in RAN1

· Option 1 :N/A
· It is not necessary to specify Tevaluate,SLSS, because it is related to GNSS receiver performance which is out of scope in RRM
· Option 2 : New requirement

· [400]ms
· It can be reused with smallest requirement for eNB based SLSS regarding short GNSS signal period(e.g., 1ms) 
· SyncRef UE

· GNSS-based UE based SLSS
· if defined in RAN1

· Option 1 : Reuse the existing requirement in OoC 
· 800ms

· Option 2 : New requirement regarding new RS & high speed
· [400]ms  

· if not defined in RAN1

· N/A
· Out Of Coverage

· GNSS based SLSS

· if defined in RAN1

· Need new parameter like syncTxThreshGNSS for comparing with received signal level in RAN1

· Option 1 :N/A
· It is not necessary to specify Tevaluate,SLSS, because it is related to GNSS receiver performance which is out of scope in RRM
· Option 2 : New requirement

· [400]ms

· It can be reused with smallest requirement for eNB based SLSS regarding short GNSS signal period(e.g., 1ms)

· SyncRef UE

· GNSS-based UE based SLSS

· if defined in RAN1

· Option 1 : Reuse the existing requirement in OoC 

· 800ms

· Option 2 : New requirement regarding new RS & high speed
· [400]ms  

· eNB-based UE based SLSS

· Option 1 : Reuse the existing requirement in OoC 

· 800ms

· Option 2 : New requirement regarding new RS & high speed
· [400]ms

· PC-5 based UE((Neither GNSS nor eNB based UE) based SLSS

· Option 1 : Reuse the existing requirement in OoC 

· 800ms

· Option 2 : New requirement regarding new RS & high speed
· [400]ms

2.4 Measurements for ProSe in Any Cell Selection State 
This requirement specifies measurement of cell in Any Cell Selection State. Therefore, it is related to Uu link in licensed band. 
· Out Of Coverage

· Reuse the existing requirement in OoC
2.5 Interruption with ProSe Direct Communication
The existing requirement specifies interruption to WAN due to ProSe Direct Communication with UE capability of dedicated receiver RF chain. Here, additionally, we consider that SL Tx has higher priority than Uu which is manageable in eNB, e.g., with communication transmission gap like as discovery transmission gap which is being discussed in RAN1. 
· Interruption to WAN

· In-Coverage

· RRC_IDLE

· Reuse the existing requirement
· RRC_CONNECTED

· Interruptions at ProSe Direct Communication configuration
· Reuse the existing requirement
·  Interruptions during ProSe Direct Communication
· Reuse the existing requirement
· Interruptions during ProSe Direct Communication with communication gap(Tx)
· New requirement 
· E.g, If ProSe Direct Communication transmissions are on carrier that is not configured for uplink, then UE is allowed to interrupt the serving cell(s) on up to 2 subframes within the subframes configured as transmission gaps e.g., using commTxGapConfig. 
· Interruption to PC-5
· In-Coverage

· N/A
2.6 Measurement for sensing resource allocation

This requirement depends on RAN1 decision. Currently RAN1 is discussing on measurement for sensing resource allocation and whether reporting to eNB is needed or not. It is new feature and related to UE behavior so that it needs to specify related new RRM requirement. However, problem is lack of time to complete RRM core requirement on time. Here, there can be 2options. One option is not to specify in V2V scope and postpone it into next related WI, e.g. V2X. another option is to have starting point with reusing RSSI in LAA.
· In Coverage & Out Of Coverage

· Option 1 : N/A 

· Not specify in V2V scope and postpone it into next related WI
· Option 2 : New requirement

· Use starting point with RSSI in LAA
In summary, we provide our preference in Table 2.1.

Table 2.1: Preference of RRM core requirements
	
	
	
	Reuse
	New requirement
	Not necessary
	Comment

	ProSe UE
transmission timing

(TA, TE)
	IC
	eNB
	O
	
	
	

	
	
	GNSS
	
	O
	
	TA=TBD(need Ran1 decision),
TE=24·Ts

	
	
	GNSS-based UE
	
	
	O
	Depending on Ran1

	
	OoC
	GNSS
	
	O
	
	TA=0·Ts,TE=24·Ts

	
	
	GNSS-based UE
	O
	
	
	TA=0·Ts, TE=24·Ts

	
	
	Legacy PC-5 UE
	O
	
	
	

	Selection/Reselection of ProSe Sync. Reference

(Tdetect,SyncRef)
	IC
	eNB
	
	
	O
	

	
	
	GNSS
	
	
	O
	UE implementation

	
	
	GNSS-based UE
	
	
	O
	Depending on Ran1

	
	OoC
	GNSS
	
	
	O
	UE implementation

	
	
	GNSS-based UE
	O
	
	
	Need to consider drop rate

	
	
	Legacy PC-5 UE
	O
	
	
	Need to consider drop rate

	Initiation/Cease of SLSS Transmission

(Tevaluate,SLSS)
	IC
	eNB based SLSS
	O
	
	
	Limit low DRX cycle regarding high speed

	
	
	GNSS based SLSS
	
	
	O
	UE implementation

	
	
	GNSS based UE based SLSS
	
	
	O
	Depending on Ran1

	
	OoC
	GNSS based SLSS
	
	
	O
	UE implementation

	
	
	GNSS based UE based SLSS
	O
	
	
	Depending on Ran1

Need to consider new RS & high speed

	
	
	Legacy PC-5 UE
	O
	
	
	Need to consider new RS & high speed 

	Measurements for ProSe in Any Cell Selection State
	OoC
	Cell identification
	O
	
	
	

	Interruption to WAN
	RRC_IDLE
	PDC
	O
	
	
	

	
	RRC_CONN.
	PDC config.
	O
	
	
	

	
	
	During PDC
	O
	
	
	

	
	
	During PDC with comm.Gap(Tx)
	
	O
	
	Similar as PDD with transmission gaps

	Interruption to PC-5
	IC
	
	
	
	O
	eNB is manageable 

	Measurement for sensing resource allocation
	IC/OoC
	
	
	
	O
	Postpone to next V2X

	PDC : ProSe Direct Communication

                                                                                                                                         PDD : ProSe Direct Discovery  


Based on the analysis, we propose as follows.
Proposal 1 : Ran4 don’t specify reception requirement of GNSS and it is left on UE implementation.

· Selection/Reselection to GNSS

· Initiation/Cease GNSS based SLSS

Proposal 2 : Ran4 specify transmission requirement related to GNSS.

· TA(Timing advance), TE(Timing Error)  

Proposal 3 : Ran4 consider RS structure of RAN1 working assumption to complete RRM core requirement in time of V2V WI.

Proposal 4 : Ran4 consider the high priority of SL TX over WAN TX for interruption requirement 
Proposal 5 : Ran4 will complete RRM core requirement in RAN4#80 based on the agreement 

3 Conclusion

In this paper, we analyse RRM core requirement for V2V based on WF[1] agreed in the last Ran4# meeting and current agreements in RAN1. Here, we showed our view on GNSS receiver requirement and provided preference of RRM core requirements in Table 2.1.  Based on these things, we propose as follows.
Proposal 1 : Ran4 don’t specify reception requirement of GNSS and it is left on UE implementation.

· Selection/Reselection to GNSS

· Initiation/Cease GNSS based SLSS

Proposal 2 : Ran4 specify transmission requirement related to GNSS.

· TA(Timing advance), TE(Timing Error)  

Proposal 3 : Ran4 consider RS structure of RAN1 working assumption to complete RRM core requirement in time of V2V WI.

Proposal 4 : Ran4 consider the high priority of SL TX over WAN TX for interruption requirement 
Proposal 5 : Ran4 will complete RRM core requirement in RAN4#80 based on the agreement 
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