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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #82bis meeting [1], a key agreement for synchronization was reached:
Agreements:
· 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
Further decisions were taken at RAN1 #83 meeting [2]:
· Priority of synchronization source includes at least transmission timing reference.
· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions
· SLSS transmitted from out-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is differentiated from SLSS_net with in coverage indicator 1
· At least reuse priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon
· Working assumption: Priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of  SLSS_net with in coverage indicator 1
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1
· FFS: Criteria to select between signals received with the same priority (e.g., up to UE implementation)
· Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.
·  “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.”
A short working assumption has been agreed in RAN1#84 meeting [3] as:
· No new synchronization signal sequence is defined in V2V

[bookmark: OLE_LINK11]In the last RAN1#84 meeting, V2V priority and timing issues has been discussed mostly during the offline sessions. However these two issues need to be solved for V2V. In this contribution, we continue to discuss the synchronization source priority and timing issues for V2V PC5. For other parts synchronization-related issues, please refer to our companion contributions on SLSS and PSBCH design [4], timing alignment [5], and co-existence issues [6]. 
Discussion on the synchronization priority
In this section, we first discuss the synchronization priority. 
Priority for out-of-coverage vehicular UE


[bookmark: _Ref446347036]Figure 1. Vehicular UEs have different synchronization source
In this sub-section, we discuss the synchronization priority for OOC vehicular UEs.
As described in Figure 1, each UE has a different coverage state and synchronization source based on its location and environment. UE1 and UE2 are in-coverage of eNB. UE7 is out-of-coverage but can receive the GNSS signal. UE5 and UE6 are out-of-coverage and cannot receive GNSS signals. UE5 can receive one of UE2, UE4, and UE7 SLSSs. UE6 does not receive any synchronization signal. Such a UE has no choice but to be an independent synchronization source. 
For the out-of-coverage vehicular UE, the following priority rules can be used:
· P1: GNSS synchronization source. Since the vehicle UEs cannot receive the eNB signal, the GNSS should be the highest synchronization source. Since UE7 can receive the GNSS signal directly, it should choose GNSS as its synchronization source. Actually this has been agreed in RAN1 #83 meeting [2].
· P2: the following signal has the same priority.
· SLSS transmitted from in-coverage UE directly synchronized with GNSS
· SLSS_net with in-coverage indicator 1
· The above two signal is a WA taken at the RAN1 #83 meeting [2], we propose to confirm it. It means: priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability (UE4UE5) is the same as that of SLSS_net with in-coverage indicator 1 (UE2UE5). Hence both synchronization techniques have the same priority. 
· SLSS_oon with in-coverage indicator 0 but directly synchronized to GNSS
· Since GNSS has the highest priority for OOC, and both UE4 and UE7 directly synchronize to GNSS, they do not have any difference in the priority although the coverage states are different (UE7UE5).
· P3: SLSS_net with in-coverage indicator 0. These kinds of signal timing come from the eNB with two hops. For example, if UE5 sync to UE2, then the SLSS from UE5 is this kind of signal. 
· P4: SLSS_oon. This UE use its local timing (UE6). When nothing else is available, a UE should derive timing received by another UE acting as a local synchronization source.
Proposal 1: When the vehicle UE does not detect any cell in any carrier, the priority of synchronization sources for V2V PC5 is as follows:
· P1: GNSS
· P2: the following signal has the same priority:
· SLSS from in-coverage UE directly synchronized with GNSS
· SLSS_net with in-coverage indicator 1
· SLSS from OOC UE directly synchronized with GNSS
· P3: SLSS_net with in-coverage indicator 0
· P4: SLSS_oon
Priority for in-coverage vehicular UE
In this section, we discuss the synchronization priority for in-coverage vehicular UEs. The eNB can instruct which synchronization technique the vehicle UE through direct eNB configuration. 
eNB instructs GNSS sync source over eNB sync source
eNB can instruct the UE to use the GNSS synchronization source instead of eNB-derived synchronization. This can be useful for instance when the network is asynchronous. Note that a universal timing for V2V is necessary regardless of the synchronization source used. See section 3 for details. 
From the eNB side, the eNB can configure GNSS as higher priority. From the vehicular UE side, there are more parameters that need to be taken into account for deciding how to synchronize. For example, the detected signal from GNSS may be too weak. Then, the vehicular UE should attempt to detect the SLSS from an in-coverage UE synchronized with GNSS. 
Proposal 2: when the eNB instructs the vehicle UE prioritizes the GNSS sync over eNB sync, the priority of synchronization sources for V2V PC5 is as follows:
· P1: GNSS
· P2: SLSS  from in-coverage UE directly synchronized with GNSS
· (if the vehicular UE detected P1 and P2 signal quality is not good enough)
· P3: eNB
· P4: SLSS_net with in-coverage indicator 1
eNB instructs eNB sync source over GNSS sync source
eNB can instruct to use eNB as the synchronization source instead of GNSS synchronization. There are plenty of cases where such a synchronization is preferable. For instance, when the network is synchronous, using the same timing between Uu link and PC5 link can simplify the PC5 configuration procedure. 
In such a case, the eNB should have the highest priority. When the UE is in-coverage, the SLSS_net can also be transmitted. This may be helpful for the inter-cell case. Note that this applies for the shared Uu-PC5 carrier. For the dedicated carrier, the timing of PC5 and Uu can be decoupled, and the rules of proposal 2 can be used.
We have the following proposal: 
Proposal 3: when the eNB instructs the vehicle UE to prioritize the eNB synchronization over GNSS synchronization, the priority of synchronization sources for V2V PC5 is as follows:
· for the shared Uu-PC5 carrier
· P1: eNB
· P2: SLSS_net with in-coverage indicator 1
· 	For the dedicated carrier: rules listed in proposal 2
From the above discussion, the SLSS from GNSS and eNB will have different priority. The differentiation between SLSS sync with GNSS from SLSS sync with eNB should be defined. Since no new sequence will be introduced, using a dedicated value(s) for the SLSS IDs can be an option. 
Proposal 4: for the V2V PC5 SLSS, SLSSID from GNSS timing can be defined by
· Dedicated value(s) for the SLSS IDs.
Discussion on the timing for V2V PC5
In this section, we discuss how to set the timing for V2V PC5 link.
V2V PC5 timing
V2V PC5 timing for dedicated carrier
eNBs may have different timing due to asynchronous deployments. Thus, if two vehicular UEs synchronize to two different eNBs, their timings might be different. This will hinder V2V performance. 
If PC5-based V2V communication uses a dedicated frequency band, timing can be decoupled and be different from the Uu link carrier. If the V2V PC5 links use the same time reference regardless of the synchronization source, the system can function, provided that accuracy is good enough. Thus, it makes sense to use universal timing for all vehicle UEs regardless of the synchronization source.
Observation 1: for the V2V dedicated carrier, a universal timing is beneficial for PC5 regardless of the synchronization source.
V2V PC5 timing for shared carrier
Timing is more complex for the shared carrier. The eNB may configure the UE to use GNSS as the synchronization source, and V2V PC5 universal timing from GNSS can be different than the Uu link timing.
Observation 2: For the in-coverage UEs, there are two options to obtain PC5 timing:
· Option 1: UEs take the Uu link timing as the PC5 timing
· Option 2: UEs take a universal timing as the PC5 timing
The advantages and disadvantages for both options are discussed in Table 1.
[bookmark: _Ref441650480]Table 1.Advantages and disadvantages for different V2V PC5 timing options
	PC5 timing options
	Advantages
	Disadvantages

	Option 1: UEs take Uu link timing
	The same as D2D, no further standard effort.
	When the inter-eNBs are asynchronous, there will be some negative impact on the PC5 performance when UEs are distributed among inter-eNBs.
The PC5 timing in-coverage will be different from the out-of-coverage PC5 timing. There will be two different timings at PC5 link.

	Option 2: UEs take universal timing
	All the UE use the same universal timing regardless of the PC5 frequency.
	The V2V PC5 timing will be different than the Uu link, and there will be some negative impact on the eNB scheduling between cellular traffic and V2V PC5 traffic in the shared carrier.



The main issue with option 1 is that some UEs will have to maintain multiple PC5 timings in an asynchronous network. As shown in Figure 2, UE1 receives several V2V PC5 signals from neighboring UEs served by different eNBs. UE1 has to track three different timings in the PC5 link. The V2V PC5 receiver needs to switch among multiple PC5 timing group UEs, and it may lose some vehicle UEs transmission packets. This would be cause significant impact if some emergency messages are lost. Another alternative is to use multiple receiving units in the V2V PC5 receiver side. However, the receiver cost will increase. It is thus beneficial for V2V PC5 to use a universal timing when the network is asynchronous. 


[bookmark: _Ref441649850]Figure 2: Option 1 results in multiple timing in the V2V PC5 under asynchronous network
From the above Table 1 discussion, we prefer option 2 for the in-coverage case.
Observation 3: a universal V2V PC5 timing is beneficial for the shared carrier. 
Combining observation 1 and observation 3, we have the following proposal:
Proposal 5: A universal timing in used for V2V on the PC5 interface:
· A single PC5 V2V Frame Number (VFN) is used at least for in-coverage
· FFS: how to determine the timing offset between VFN and SFN
Synchronization source determination for V2V PC5
When in-coverage, there are two synchronization sources from which the UE can obtain the universal timing: either from GNSS, or from the eNB. If the timing comes from GNSS, the universal timing can be based on UTC (or can even be UTC).
When the universal PC5 timing comes from the eNB, the UE needs to derive the universal timing from the eNB timing. There are two possible options:
· Option 1: the eNB configures itself as the synchronization source. In such a case, the timing difference between PC5 and Uu link timing can be indicated by the eNB. This value can be obtained if the eNB has a GNSS module (note: this does not imply that the network is synchronized), or by having UE(s) with GNSS reporting this value to the eNB.
· Option 2: the eNB configures GNSS as the synchronization source. In that case, there is no issue. The UE knows UTC.
Proposal 6:  the universal V2V PC5 timing can be derived according to the following two options:
· Option 1: the eNB configures the synchronization source and indicates the timing difference between Uu and PC5 link.
· Option 2: the eNB configures GNSS as the synchronization source.
Discussion on GNSS timing maintenance
GNSS is the key module in vehicles for V2X service since it can provide synchronization for transmission and reception. There are some scenarios where GNSS is temporarily lost, such as in a tunnel, or in a narrow street with high buildings along the street. 
According to the specification of a real GNSS module product [9], frequency accuracy is about 5 ppb when GNSS is locked. If GNSS is lost, the frequency accuracy of the oscillator will drift linearly from 5 ppb to less than 100 ppb within 24 hours. Based on this specification, it will take more than 10 minutes for GNSS module to drift out of the normal CP. From the RAN4 assumption for D2D [10] and related analysis for V2X [11], it will take 2 minutes for GNSS module to drift out of the normal CP.
Observation 4: synchronization can be kept for several minutes if GNSS is lost. 
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed sync source priority, sync procedure and PC5 timing issues. 
For the synchronization priority, we have the following conclusions: 
Proposal 1: When the vehicle UE does not detect any cell in any carrier, the priority of synchronization sources for V2V PC5 is as follows:
· P1: GNSS
· P2: the following signal has the same priority:
· SLSS from in-coverage UE directly synchronized with GNSS
· SLSS_net with in-coverage indicator 1
· SLSS from OOC UE directly synchronized with GNSS
· P3: SLSS_net with in-coverage indicator 0
· P4: SLSS_oon
Proposal 2: when the eNB instructs the vehicle UE prioritizes the GNSS sync over eNB sync, the priority of synchronization sources for V2V PC5 is as follows:
· P1: GNSS
· P2: SLSS  from in-coverage UE directly synchronized with GNSS
· (if the vehicular UE detected P1 and P2 signal quality is not good enough)
· P3: eNB
· P4: SLSS_net with in-coverage indicator 1
Proposal 3: when the eNB instructs the vehicle UE to prioritize the eNB synchronization over GNSS synchronization, the priority of synchronization sources for V2V PC5 is as follows:
· for the shared Uu-PC5 carrier
· P1: eNB
· P2: SLSS_net with in-coverage indicator 1
· 	For the dedicated carrier: rules listed in proposal 2
Proposal 4: for the V2V PC5 SLSS, SLSSID from GNSS timing can be defined by
· Dedicated value(s) for the SLSS IDs.

For the V2V PC5 timing issues, we have the following conclusions: 
Proposal 5: A universal timing in used for V2V on the PC5 interface:
· A single PC5 V2V Frame Number (VFN) is used at least for in-coverage
· FFS: how to determine the timing offset between VFN and SFN
Proposal 6:  the universal V2V PC5 timing can be derived according to the following two options:
· Option 1: the eNB configures the synchronization source and indicates the timing difference between Uu and PC5 link.
· Option 2: the eNB configures GNSS as the synchronization source.
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