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1 Introduction
A V2X SI was agreed at the RAN#68 meeting [1]. The following objective is listed: 
b)
Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]
In this contribution, we discuss the synchronization related issues for V2X.
2 Discussion on synchronization for V2X

Synchronization is needed between the two ends of a V2V link. The benefits and necessity are the same as for D2D: to improve the communication performance and reduce the potential interference. One major difference with D2D is that we can reasonably anticipate that every vehicle will have a GNSS module when V2X is deployed. This can be used to improve and simplify V2X synchronization. For example, many available GNSS modules can provide excellent timing and frequency accuracy [3][4]
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[5]. Therefore, it makes sense to take advantage of the GNSS module for V2X synchronization. 
If the GNSS is used, RAN1 has to decide when and how to use the GNSS. 
2.1 When to use GNSS

Although GNSS is useful for V2V, it may not be always available. When to use the GNSS depends on the environment. Table 1 lists the possible synchronization cases according to the different environment.
Table 1: the synchronization available scenarios
	Case
	eNB available
	GNSS available
	Vehicle Environment

	0
	Yes
	No
	urban canyons, tunnels, underground parking

During the GNSS start period (typical 1s, 35s) [4]
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 \* MERGEFORMAT [5]

	1
	No
	Yes
	Some roads in suburban /rural/ desert

	2
	Yes
	Yes
	Roads/freeway in most places

	3
	No
	No
	Roads in forest or the GNSS model not working

During the GNSS start period (typical 1s, 35s) [4]
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From Table 1, it is clear that GNSS cannot be used for all environments and scenarios, and should be viewed as a complement to another solution. In particular, GNSS has a relatively long start time: the minimum value is 1s for 'hot' start time 1s. Note that the V2X message rate can be 10Hz. If relying only on GNSS, up to 10 V2X messages could be missed. 'Warm' and 'Cold' start times are even worse (30s and 35s, respectively [4]
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[5]). During these start times, the GNSS does not work. 
Observation 1: GNSS cannot be relied on all the time forV2V synchronization

When the network is available, at most 0.2ppm error can be expected. This error might be re-evaluated by RAN4 since we sent an LS to RAN4 on this question. Our simulation results show that with 4 DMRS symbols, link performance is adequate at 6 GHz [6]. Consequently, if the vehicle has network availability, there is no synchronization issue.
Observation 2: When the vehicle has network availability, there is no problem obtaining the synchronization from the network
Network availability can also vary quite a lot. In densely populated areas, there is generally near ubiquitous network coverage. However, some large areas of sparsely populated areas (e.g., some western states in the US) still have large regions with reduced coverage. Besides GNSS, there might not be other reliable synchronization sources. 

Observation 3: for out-of-coverage scenarios, GNSS may be the most reliable synchronization source

Based on these observations, it makes sense to use both eNB-derived and GNSS-derived synchronization. The question is then how and when to use each of these two synchronization techniques.

2.2 How to use GNSS

As observed earlier, eNB synchronization works well when in coverage. Besides, GNSS is not always available (e.g., case 0). In addition, there are cases where neither eNB nor GNSS is available (case 3). In such a case, synchronization can only be derived from another vehicle. This case is the same as D2D out of coverage case and can be reused for the V2V link.
For V2P, the availability of pedestrian GNSS is usually worse than for vehicles. The V2P use cases have been defined by SA1[2]. For V2P use cases, the pedestrian UE should use the network as synchronization source. 
We propose the following for V2X synchronization
Proposal 1: for V2X synchronization, the D2D synchronization mechanism is used as the baseline and relies on the SLSS and PSBCH
For case 2, when both GNSS and eNB coverage are available, both the eNB and the GNSS are potential synchronization sources. When the network is synchronized, all eNBs have the same timing. In such a case it is natural to use the serving eNB as the synchronization source. This is especially important when V2X services and cellular services share the same band. 
Proposal 2: in a synchronized network, the V2V synchronization source is the eNB
When the network is not synchronized, vehicles located in different cells may not obtain the same timing from their serving eNBs. Since V2V communications can occur over multiple cells, obtaining synchronization from the network may be complicated.  If GNSS is used as the external synchronization source, all vehicles can synchronize to the same timing. 
Proposal 3: if eNBs are not synchronized, GNSS is the primary synchronization source
Case 1 with GNSS available and no coverage is a typical D2D out of coverage case. The GNSS can then be used as the external synchronization source, and all vehicles can use UTC. In addition, the D2D synchronization mechanism is also helpful in case of loss of GNSS. 
The current D2D synchronization procedure does not rely on a GNSS source. It is then necessary to indicate (e.g., on the PSBCH) that the synchronization source is GNSS. 
Proposal 4: for out-of-coverage scenario, 
· GNSS is the primary synchronization source
· A UE must indicate to other UEs that it is using GNSS for synchronization
The hop number from synchronization source will affect the synchronization accuracy, as extensively discussed in Rel-12. When there are multiple synchronization sources, i.e. network, GNSS, UE and GNSS, priority rules will need to be defined such that the receiver can select the best synchronization source. For example, one option would be to indicate the current synchronization source type and hop count.
Proposal 5: synchronization source priority rules need to be defined to assist the synchronization source selection
3 Conclusions

In this contribution, we discussed the synchronization related issues for V2X. For each of the case described, Table 2 summarizes what synchronization source to used:

Table 2. Primary synchronization source to use according to scenario

	Case
	eNB available
	GNSS available
	Primary synchronization source

	0
	Yes
	No
	eNB

	1
	No
	Yes
	GNSS

	2
	Yes
	Yes
	eNB if synchronized, GNSS otherwise

	3
	No
	No
	Other UEs, similar to D2D synchronization


Our conclusions and observations are as follows:
Observation 1: GNSS cannot be relied on all the time forV2V synchronization

Observation 2: When the vehicle has network availability, there is no problem obtaining the synchronization from the network

Observation 3: for out-of-coverage scenarios, GNSS may be the most reliable synchronization source

Proposal 1: for V2X synchronization, the D2D synchronization mechanism is used as the baseline and relies on the SLSS and PSBCH

Proposal 2: in a synchronized network, the V2V synchronization source is the eNB

Proposal 3: if eNBs are not synchronized, GNSS is the primary synchronization source

Proposal 4: for out-of-coverage scenario, 

· GNSS is the primary synchronization source

· A UE must indicate to other UEs that it is using GNSS for synchronization
Proposal 5: synchronization source priority rules need to be defined to assist the synchronization source selection
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