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Introduction
In SA1 #70 meeting, 3GPP TR 22.885 [1] is updated to V0.2.0, there are a number of use cases of V2X. Base on the use cases, some of common requirements (mainly for V2V) are as follows:
· The RV V2V Service layer periodically broadcasts a message, indicating its current position, speed, acceleration and optional estimated trajectory.
· The E-UTRA(N) shall be able to support a maximum frequency of 10 V2V messages per second.
· The E-UTRA(N) shall be able to support high mobility performance(e.g. a maximum absolute velocity of 160 km/h).
In RAN1 #82meeting [4], it was agreed that the PC5's work carrier is up to 6G Hz. There are higher requirements to V2V compared to R12 D2D: higher capacity, higher speed and higher Carrier frequency.
Discussion
1.1. Timing and frequency offset in PC5-based V2V
In D2D there are four basic scenarios: within the same eNB coverage, inter-eNB, partial coverage and out of coverage.
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[bookmark: _Ref430350186]Figure. 1 scenarios of D2D
The scenarios are the same in V2V as D2D. The synchronization performance of D2D system in the scenarios is analyzed with high speed and high frequency. The large receiving timing and frequency offset of D2D system exists. 
· the same eNB coverage：


[bookmark: _Ref430350314]Figure. 2 the same eNB coverage
In this scenario, transmission time and receive timing at UE are the same as DL timing from eNB. In Figure 2, di indicates the distance from UEi to eNB and dij indicates the distance from UEi to UEj.
  is the maximum sending timing offset between two terminals UEi and UEj in D2D system.
 		                            		                                                       (1)
The receiving timing offset range of UEj from the received signal of UEi is:
		                             		                           (2)
 is the maximum estimation error for the receiving timing of synchronization source，setting   according to TA granularity. C is speed of light. Assuming that the maximum communication distance between the terminals is 300m, .
For the convenience of description, we use vi indicating the velocity of UEi and vij indicating the relative velocity between UEi and UEj. Let  to be the maximum sending frequency offset between two terminals UEi and UEj in the same eNB.
				                                                        (3)
The receiving frequency offset range of the UEi signal received by the UEj is:
                                                                                                     (4)
 is the maximum frequency offset between the modulated carrier frequency and the carrier frequency received from the synchronization source and  is equal to 0.1ppm[2].  is carrier frequency by setting 6G Hz. When maximum velocity of UE is 160km/h,  belongs to .

· Inter-eNB


[bookmark: _Ref430595140]Figure. 3 inter-eNB

In this scenario, transmission timing at UE is the same as DL timing at eNB while receive timing follows SLSS sent from UE at neighbouring cell.
The   will get larger when UEi and UEj belong to different eNBs.
        		                                                           		(5)
                                                                                     	(6)
 is sending timing offset of different eNBs and  equals to 3us[7] for TDD-LTE.  is the receiving timing offset of UEi and UEj at UEx, and in Figure 3 UEx is UE3.
So, belongs to for synchronized network and  maybe have larger range for asynchronized network. 

Considering the frequency deviation between eNBs, the sending frequency offset of UEs from different eNBs is larger.
	               	                                                        (7)
 is the receiving frequency offset of UEi and UEj at UEx
                                                                        (8)
 is maximum frequency offset between sending frequency of eNB and f0, and  is equal to 0.05ppm[2].  belongs to 。

Observation 1: when there are network coverage, following D2D existing synchronization mechanism, receiving time and frequency offset from multiple Tx UEs would be large. It may cause demodulation failure unless resource pools are configured different while resource pools division would limit capacity in V2V case, or eNB informs UE timing difference information.
Observation 2: No matter eNB synchronized to GNSS or not, above issue would happen.
· Partial coverage
	                               belongs to


Figure. 4 partial coverage 

The receiving timing offset range of two UEs which belong to the different timing clusters sending signals to the UEx gets larger.
                                                                                 (11)
So,  belongs to  for TDD-LTE and  maybe have larger range for FDD-LTE.
                                                     (12)
So, belongs to

Observation 3: Since in-coverage resource pools are not forwarded to out of coverage, in partial coverage, demodulation impact will be server because of large time and frequency difference between multiple Tx UEs.
· out of  coverage
In D2D system, there is no global synchronization source and no convergence mechanism of different timing clusters, and hence it is possible that there are different timing clusters out of coverage.
The receiving timing offset range of two UEs which belongs to the different clusters maybe lager than . The receiving frequency offset range of two UEs which belong to the different clusters maybe lager than .
Observation 4: Without global synchronization, time and frequency offset from multiple Tx UEs to a receiving UE would be even larger compared with the case having eNB.
1.2. Synchronization issues in PC5-based V2V 
Based on the above analysis, in the same synchronization cluster, the receiving time deviation between the terminals of which sending timing is directly from the base station belongs to  , and the receiving time deviation between the terminals of which is once forwarded by other terminals belongs to. In Fig 6, discovery signal in D2D is evaluated to show impact from timing offset.
Table 1：Simulation assumptions
	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	Discovery signal format
	1RB PUSCH with two slots

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Coding Rate
	0.5

	UE mobile speed
	3km/h
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Figure. 5 Discovery probability with PUSCH (QPSK,1/2)
Base on simulation result in Figure 6, when receiveing timing offset is within [-1,6]us the demodulation performance is almost unaffected. In otherword, when the timing offset range is less than 7us, the the timing offset is acceptable. So the receiving timing offset of UEs which get sending timing at most once forwarded by other UEs in the same cluster is acceptable. But the receiving timing offset of UEs which are in different cluster is out of control and lead to some problems：
· Timing discontinuity 
· Resources waste due to using different resource pool corresponding to different timing offsets
· Large timing offset cannot allow FDM in the same subframe or even adjacent subframes 
· Resource overhead of sending synchronization signal and channel
· Multiple clocks and frequency tracking process at Rx UE
So it is necessary to apply GNSS to eNB and UE to reduce different timing clusters. 

Observation 5: Synchronization needs to be enhanced with reducing the number of synchronous clusters by applying GNSS to eNB and UE. 
Since it is V2V, UE is supposed to be equipped with GPS while it is possible GPS signal would be lost in some case, e.g. in a long distance tunnel. For those cases, UE-UE synchronization is still needed, that would be similar as that in D2D. Details can be seen in [6].
Also, even eNB is synchronized to GNSS and in the same eNB coverage, due to high carrier frequency and high mobile speed, the receiving frequency offset can also reach 4756 Hz. The same situation happens when Tx UEs without GPS signal received are synchronized to the same UE with GPS. In different clusters, there will be a higher receiving frequency offset. Those issues coming from high Doppler and high carrier frequency should be considered when enhancing DMRS, as discussed in [5].
Observation 6: The existing DMRS design may not effectively compensate the impact of large Doppler frequency shift due to high relative vehicle speed. 
Also, it may possible that eNB could not be synchronized to GNSS. In this case, whether ther e is eNB-UE synchronization for V2V is needed to be further discussed [6]. 
Observation 7. It is needed to further discuss whether there is eNB-UE synchronization for V2V when eNB cannot synchronized to GNSS.
Conclusion 
In this contribution, we discuss the synchronization issues t in PC5-based V2V. Observations are:
Observation 1: when there are network coverage, following D2D existing synchronization mechanism, receiving time and frequency offset from multiple Tx UEs would be large. It may cause demodulation failure unless resource pools are configured different while resource pools division would limit capacity in V2V case, or eNB informs UE timing difference information.
Observation 2: No matter eNB synchronized to GNSS or not, above issue would happen.
Observation 3: Since in-coverage resource pools are not forwarded to out of coverage, in partial coverage, demodulation impact will be server because of large time and frequency difference between multiple Tx UEs.
Observation 4: Without global synchronization, time and frequency offset from multiple Tx UEs to a receiving UE would be even larger compared with the case having eNB.
Observation 5: Synchronization needs to be enhanced with reducing the number of synchronous clusters by applying GNSS to eNB and UE. 
Observation 6: The existing DMRS design may not effectively compensate the impact of large Doppler frequency shift due to high relative vehicle speed.
Observation 7. It is needed to further discuss whether there is eNB-UE synchronization for V2V when eNB cannot synchronized to GNSS.
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