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Introduction
As analyzed in [1], there would be different synchronization clusters in the area between eNBs coverage and out of coverage. And the large offset of frequency and timing between different synchronization clusters will lead to:
· 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 UE
Because V2V terminals are supposed to be equipped with GNSS, GNSS system can be used to provide global frequency and timing source for the V2V terminal to reduce the number of synchronization clusters.
Discussion
1.1. The frequency and timing accuracy when equipping GNSS
Equipped with GNSS, eNB and UEs can get different frequency and timing accuracy in different condition.  Because of the more signaling overhead and cumulative error, the levels of synchronization are not suitable for unlimited expansion. 
In D2D, there are 4 synchronous levels, which are eNB, UE direct synchronized to network, indirect synchronized to network and UE not synchronized to network. 
According to analysis in [1], global timing for UE transmision is preferred to avoid timing discontinuity. So firstly of all, to investigate timing and frequency offset from UTC and reference operation frequency, there are 4 levels according to different time and frequency accuracy: eNB having GNSS, UE typte1 having GNSS, UE type 2 using timing forwarded from eNB or UE type 1, UE type 3 using timing forwarded from UE type 2 or UE type 3 using himself timing. 
The different levels of synchronization scheme are defined as following:
Level 0: eNB having GNSS
The eNB can provide the frequency accuracy of ±0.05 ppm [3] (FBS, eNB frequency source error). The eNB can obtain higher frequency accuracy after receiving GNSS signal, and the timing accuracy can be achieved as ±60 ns [4] (TBS, eNB timing error).
Level 1: UE having GNSS
Receiving GNSS signal successfully, the UE can provide the frequency accuracy of ±0.1 ppm [5] (FUE, UE frequency source error) and the timing accuracy of 60 ns [4] (TUE, UE timing error).
The higher accuracy can be achieved for the eNB than the UEs. The reasons are: 
· Higher precision frequency and timing source can be achieved with higher accuracy GNSS module in eNB;
· Because the eNB has greater transmission power, higher antenna, lower carrier frequency, the downlink RS for frequency synch tracking is more reliable.
Level 2:
When the GNSS signal is lost, if the downlink timing of eNB with GNSS or the synchronous signal of level 1 terminal is received, UE can estimate the propagation delay between the eNB and the UE to reduce time discontinuity as much as possible. The UTC timing in implementation can be calculated as, e.g.:
	tutc = trdp + toffset – tpd +Terror                                                                                                    (1)
trdp is the receiving time of downlink timing and toffset is time offset between sending downlink timing and UTC if eNB can indicate it to UE.
 equals to TA/2 or  is calculated as:

	tpd = 	                                                         	          		(2)
Terror is timing estimation error by setting Terror  = 500 ns according to TA granularity.
Level 3:
If UE has lost GNSS signal and received synchronous signal of level 2 UE, or UE can’t receive any synchronous signal over certain time,  the receiving frequency and timing offset of UEs are associated with self synchronization algorithm which needs to be discussed further.
The frequency and timing accuracy from UTC and reference operation frequency are listed in Table 1. Frequency and time accuracy range are examples according to common products and they should follow RAN4’s suggestion during the study. In  Table 1, V is 160km/h for the maximum speed of UE, and C is the speed of light.
Table 1 Frequency and timing accuracy to UTC and reference operation frequency
	Sync level
	condition
	frequency accuracy calculation (ppm)
	frequency accuracy range (ppm)
	timing accuracy (ns)
	timing accuracy range (ns)

	0
	Getting GNSS signal
	±FBS
	±0.05
	±TBS
	±60

	1
	Getting GNSS signal
	±FBS
	±0.1
	±TUE
	±60

	2
	2.1 With tpd compensation
	±(FBS + Ferror+V/C)
Ferror is frequency estimation error, 0.1ppm
	±0.348
	±(TBS+Terror)
Terror is timing estimation error, 500 ns
	±560

	
	2.2 Without tpd compensation
	±(FBS + Ferror+V/C)
Ferror is frequency estimation error, 0.1ppm
	±0.348
	±0.BS+Terror) +tpd
tpd is the propagation delay between the sending and receiving end.
	When the coverage radius is less than 300 meters, the value of  is less than 1000ns.

	
	2.3 lost GNSS signal and received synchronous signal of UE of level 1
	±(FUE + Ferror+2×V/C)

	±0.496
	±(TUE+Terror) +tpd

	[-560, 1560]

	3
	3.1 lost GNSS signal and received synchronous signal of UE of level 2
	±(FUE + 2×Ferror+2×V/C)

	±0.596
	±(TUE+2×Terror) +2×tpd

	[-1060, 3060]

	
	3.2 Independent synchronous source
	Maybe larger than condition of 3.2.


It can be found that difference among timing/frequency accuracy levels is not so small. Further, synchronization levels cannot depend only on timing/frequency accuracy. It also relies on locations between transmitters providing synchronization signal and receivers, and also receiving UE’s implementation. One example is when using level 0 eNB with GNSS as synchronization source, but the receiving UE is at distance from eNB, compensation at receiving UE must be done to better reduce impact of propagation delay. Otherwise, UE with GNSS closer to the receiving UE can substitute as synchronization source. This issue should be further studied.
Also it may not avoid the case that eNB without GNSS equipment. When there are UEs with and without GNSS in the coverage, if UE without GNSS follows D2D mechanism, i.e. using DL timing from eNB, the timing offset would be large. To reduce timing discontinuity, in this case, receiving UE would be better follow UE with GNSS and ignore eNB’s indication and eNB may need inform UE there is not GNSS at eNB. 

Proposal 1. Synchronization should be based on GNSS since Global timing is necessary to reduce timing discontinuity, i.e. synchronization source with GNSS is at higher level priority 
Proposal 2. When eNB is used as synchronization source, necessary information should be informed to UE, e.g. GNSS situation, its location, difference between Tx DL timing and UTC.

Following in Figure 1, an example shows a possible synchronization source priority list. 


Figure. 1 Illustration of synchronization scheme (when eNB at synch level 0)
Synchronization source priority list:
· eNBs are synchronized to GNSS
· Synch source priority: 0 or 1 (need further study)
· To inform UE time deviation between Tx timing and UTC
· To inform UE the eNB location or TA when eNB coverage is large
· Better hardware performance with GNSS than UE 
· UEs are synchronized to GNSS
· Synch source priority: 0 or 1 (need further study)
· Synchronization requirements at UE will be decided by RAN4 (not known yet)
· UEs are synchronized to eNB with GNSS or synch level-1 UE
· Synch source priority: 2
· All other cases to UE
· Synch source priority: 3
· If all UEs within coverage do not use GNSS, eNB without GNSS can be used as synchronization source as that in D2D
· The priority ranking of the synchronization grade is: 0, 1, 2, 3
Furthermore, if above list is applied, transmission timing and receiving timing need to be redefined according to GNSS unified scheme. 
Proposal 3. It is proposed to consider Synchronization source priority list in the contribution as baseline for further synchronization source priority discussion.
Conclusion 
In this contribution, we discuss the frequency and timing accuracy when the system equipped with GNSS, and propose the synchronization scheme based on GNSS. 
Proposal 1. Synchronization should be based on GNSS since Global timing is necessary to reduce timing discontinuity, i.e. synchronization source with GNSS is at higher level priority 
Proposal 2. When eNB is used as synchronization source, necessary information should be informed to UE, e.g. GNSS situation, its location, difference between Tx DL timing and UTC.
Proposal 3. It is proposed to consider Synchronization source priority list in the contribution as baseline for further synchronization source priority discussion.
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