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1 Introduction

In the last Ran1#84 meeting, Ran1 sent LS[1] on synchronization based on GNSS and eNB signal. It means that GNSS based synchronization should be considered in RRM core requirement. And, Ran#71 agreed a relative velocity of 500km/h in WID, so Ran4  should also consider it’s impact. This paper provides the impacted RRM core requirement list by those and provides views.
2 Discussion
In PC5-based V2V, we need to analysis on impact of GNSS based synchronization and high speed of vehicleto existing RRM core requirements. 
2.1 GNSS

With regard to GNSS based synchronization, Ran4 needs to define requirement on sidelink synchronization based on the following agreement [1].

	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.


The requirement related to sidelink synchronization is on ProSe UE transmission timing. In the existing requirement, there are two time references. One thing is Serving cell or Pcell and another thing is Scell or non-serving cell. Based on the agreement in Ran1, GNSS based synchronization can be used in both IC and OoC. So, beside the existing time references, GNSS needs to be considered as time reference for PC5-V2V services. 
 So far, the requirements are defined in transmission timing and timing error for both in-coverage and out-of coverage. 

· In-coverage (IC)
· Transmission timing : takes place at 
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· Timing error : Table 7.1.2-1 in TS36.133
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211


· Out of Coverage (OoC)

· Transmission timing : takes place at 
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· Timing error : Table 11.2.2-1 in TS36.133

	Sidelink Bandwidth (MHz)
	Te

	≥1.4
	24*TS

	Note:
TS is the basic timing unit defined in TS 36.211


Comparing with the existing requirement, the GNSS based synchronization related transmission timing requirement can be considered as follows.
In real environment, a timing offset exits between GNSS based synchronization timing and eNB DL timing. 
Assuming that eNB configures GNSS based synchronization with high priority in IC, if there is no information about the timing offset at vehicle UE, it can cause high interference to WAN UL. The reason is that vehicle UE does not apply timing advance any more such as 
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 Therefore,, it seems not to be desirable operation. 
In the other hand, if eNB gives the timing offset to vehicle UE and the UE transmits at  
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, it is possible to avoid interference to WAN UL. Here, 
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is timing offset between GNSS based timing and eNB DL timing. 
Regarding worst case, it’s range is possibly -500us≤ 
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<500us. Positive value means that the eNB DL timing is advanced to GNSS based synchronization timing. Negative value is corresponding to the opposite case.
In OoC, the timing offset can be provided to vehicle UE through preconfigured ProSe parameters. However, it depends on entirely how to decide on synchronization operation in RAN1.  
Basically, for above operation, it is assumed that eNB and vehicle UE  have receiver of GNSS based synchronization.

For timing error, the existing requirement, of24*Ts is equal to 0.78ppm per 1 second  and 12*Ts is equal to 0.4ppm per 1second. Regarding that low cost GNSS receiver timing error is about 0.5ppm, 24*Ts can be used as transmission timing error for GNSS based synchronization.

Based on these discussions, we propose as follows for GNSS related requirement.

Proposal 1 : The requirement of transmission timing related to GNSS based synchronization should be specified, but needs to wait  decision in RAN1. 

Proposal 2 : The requirement of transmission timing  error related to GNSS based synchronization should be specified with considering cost of GNSS receiver. 
2.2 High speed
With regard to high speed of vehicle, it can impact the evaluation time(Tevaluate_SLSS) of SLSS for initiation/cease of SLSS transmission. The evaluation time  requirement is defined in RRC_IDLE state, RRC_Connected state and Out of Coverage(Any Cell Selection State) as follows.

· RRC_IDLE state (IC)

· Tevaluate_SLSS with ProSe Direct Communication

	DRX cycle length [s]
	Tevaluate,SLSS
[s] (number of DRX cycles)

	0.32
	1.92 (6)

	0.64
	3.84 (6)

	1.28
	7.68 (6)

	2.56
	15.36 (6)


· RRC_Connected state (IC)

· Tevaluate_SLSS with ProSe Direct Communication

	DRX cycle length [s]
	Tevaluate,SLSS
[s] (number of DRX cycles)

	≤0.04
	0.4 (Note 1)

	0.04<DRX-cycle≤2.56
	Note 2 (6)

	Note1:
Number of DRX cycles depends upon the DRX cycle in use

Note2:
Time depends upon the DRX cycles in use


· OoC

· Tevaluate_SLSS with ProSe Direct Communication = 800ms

In both RRC_IDLE state and RRC_Connected state, the evaluation time requirement of SLSS is for measuring RSRP. The requirement was specified without considering high speed. For analysis the impact by high speed, we consider 120km/h and 250km/h with DRX_cycle length of 2.56s. In this case,  Tevaluate_SLSS  is  15.36s which requires 6 DRX cycles for measuring RSRP to evaluate SLSS. 
When velocity of vehicle UE is 120km/h, the vehicle UE can move total 512m during 15.35s. When the velocity is  250km/h, the UE can move about 1km during 15.36s. During moving 1km, serving cell can be changed so that measuring RSRP is meaningless for the evaluation time of SLSS. So Ran4 need to study whether the existing evaluation time is acceptable or not. If not acceptable, how to specify the requirement should be studied. Table 2.1 summarizes the moving distance of vehicle UE with velocity of 250km/h.
Table 2.1. Moving distance with 250km/h
	DRX cycle length [s]
	Tevaluate,SLSS
[s] (number of DRX cycles)
	Moving distance with 250km/h [m]

	0.32
	1.92 (6)
	133

	0.64
	3.84 (6)
	267

	1.28
	7.68 (6)
	533

	2.56
	15.36 (6)
	1067


In OoC, the existing requirement of Tevaluate_SLSS  is 800ms for measuring S-RSRP. In this case, relative velocity should be considered. Because the source can be another moving vehicle UE. With velocity of 250km/h, the relative moving distance is 111m.  It is not long distance,  so the existing requirement of evaluation timing  can be reused  in OoC.

Based on these discussions, we propose as follows.

Proposal 3 : The requirement for evaluation time of SLSS under IC should consider high speed for initiation/cease of SLSS transmission.

Proposal 4 : The requirement for evaluation time of SLSS under OoC can be reused with 800ms.

3 Conclusion

In this paper, we analysed GNSS based synchronization and high speed for PC5 based V2V service. Based on  these analysis, we propose as follows.
Proposal 1 : The requirement of transmission timing related to GNSS based synchronization should be specified, but needs to wait  decision in RAN1. 

Proposal 2 : The requirement of transmission timing  error related to GNSS based synchronization should be specified with considering cost of GNSS receiver. 
Proposal 3 : The requirement for evaluation time of SLSS under IC should consider high speed for initiation/cease of SLSS transmission.

Proposal 4 : The requirement for evaluation time of SLSS under OoC can be reused with 800ms.
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