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[bookmark: OLE_LINK11]In this contribution, we discuss the remaining priority rules for synchronization sources and timing issues for V2V PC5. For other synchronization-related issues, please refer to our companion contributions on SLSS and PSBCH design [7], timing alignment [8], and co-existence issues [9]. 
Discussion on the synchronization priority and timing issues
In-coverage
For the priority for in-coverage case, there are some agreements: 
At the RAN1 #82bis meeting [1]:
· 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
At RAN1#84b meeting [3]:
· Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps
· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured
· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case
· FFS: The priority order for out of coverage case
From the configurable priority, there are some remaining issues to complete the WI for in-coverage UE in timing and priority.
Issue 1: SLSS transmission for in-coverage
For D2D, SLSS can be transmitted for the inter-cell case. A pair of parameters of w1 and w2 is configured to indicate the search window for SLSS. SLSS transmission for the inter-cell case is also needed for V2V since the adjacent cell may have different timing or a different timing reference. When GNSS timing is used, the same RSRP mechanism to trigger the SLSS transmission can be reused for V2V. As shown in Figure 1, UE2 and UE3 are located in adjacent cells, with UE2 synchronized to eNB1 timing and UE3 synchronized to eNB2 timing. The timing from eNB1 and eNB2 may be different. The SLSS transmitted by UE2 can be used by UE3 get a quick synchronization to UE2 in the sidelink. 
From the above discussion, we get the following observation:
Observation 1: for in-coverage SLSS transmission:
· The cell configured downlink RSRP mechanism can be reused for V2V to determine timing reference
· Only one hop SLSS transmission is supported

[bookmark: _Ref450031645]Figure 1. Adjacent cells have different timing reference

Issue 2: fallback mechanism when the UE loses GNSS when in-coverage
When the GNSS signal is lost while in-coverage, the UE can try to synchronize to the SLSS associated with GNSS. If it cannot detect any, it can simply fall back to use the eNB timing reference. A timer may be used to determine after how long the UE falls back to eNB timing.
Proposal 1: when GNSS is lost in coverage, the UE falls back to use the eNB timing if no SLSS associated with GNSS has been detected.

Out-of-coverage
At RAN1#84 [3] it was decided that:
· RAN1 may investigate following coexistence issues of PC5-based V2V operation and legacy Uu operation 
· Inter-UE coexistence in the same carrier frequency 
· Intra-UE coexistence in the same carrier frequency 
· Intra-UE coexistence in different carrier frequency 
· This is similar to the issue of ‘intra-UE coexistence in the same carrier frequency’ but differs from the fact that the transmissions/receptions are in two different carrier frequencies. 
We investigate coexistence for Cases 5A and 5B as described in Figure 2.
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Case 5A: Dedicated carrier for V2x. There is no uplink (Uu) traffic on the PC5 operation carrier.
	[image: ]
Case 5B: V2x carrier is shared with Uu


[bookmark: _Ref450032418]Figure 2. Two cases for out-of-coverage

Priority for out-of-coverage case 5A
For case 5A, if the UE on CC2 cannot detect any cell, it is out of coverage for CC2 [10]. Following the synchronization procedure in Rel-13 eD2D, the UE assesses it is out of coverage on CC2. For D2D, only case 5B has been considered. Hence, whether case 5A dedicated carrier can be configured should be discussed, and is a RAN2 decision. However, we need to address the priority rules for this case to make sure it is adequately addressed if RAN2 provides a configuration for case 5A.
For case 5A, the eNB may not need to configure the priority rules since there is no need to protect the WAN on the dedicated carrier. Thus, the following priority rule can be used:
GNSS>SLSS directly synchronized with GNSS> SLSS indirectly sync with GNSS>SLSS from the standalone UE.
Proposal 2: if there is no uplink (Uu) traffic on the PC5 operation carrier (case 5A) and the UE did not receive any configuration on this carrier, the pre-configured priority rule is:
· GNSS>SLSS directly synchronized with GNSS>SLSS indirectly synchronized with GNSS>SLSS from the standalone UE.

Priority for out-of-coverage case 5B
For the priority for out-of-coverage case, there are some agreements at RAN1 #83 meeting [2], notably that GNSS has the highest priority. There are two possible options:
Option 1: GNSS > {SLSS from in-coverage UE directly synchronized with GNSS = SLSS_net with in-coverage indicator 1 = SLSS from OOC UE directly synchronized with GNSS} > SLSS indirectly synchronized with GNSS   SLSS_net with in-coverage indicator 0> standalone UE.
Option 2: {SLSS_net with in-coverage indicator 1 = SLSS from in-coverage UE directly synchronized with GNSS} > SLSS_net with in-coverage indicator 0 > GNSS > SLSS from OOC UE directly synchronized with GNSS > SLSS indirectly synchronized with GNSS > standalone UE.
Option 1 is more aligned to the agreement in RAN1 #83 meeting [2]: 
“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.”
For case 5B, when the vehicle UE is out-of-coverage, the UE does not detect any cell on any carrier. From the above agreement, GNSS should have the highest priority. This choice will be beneficial for the V2V link, and can be used at least when the eNB is synchronized to the GNSS.
Option 2 can be useful for the case shown in Figure 3. As shown in Figure 3, vUE1 is out-of-coverage of eNB1 and synchronized to GNSS timing. In this case, vUE1 may potentially interfere with cellular UE cUE1 (for TDD downlink) or interfere with cell eNB2 when the network is asynchronous. Option 2 may help protect the cellular system.

[bookmark: _Ref450031325]Figure 3. Interference from case 5B vehicle UE to Uu link
On another hand, for case 5B, since the shared carrier is used for V2V, the same principle as in D2D to protect the cellular traffic is also reasonable. 
From the discussion we have the following proposal. 
Proposal 3: if V2x carrier is shared with Uu (case 5B), for out-of-coverage, select one of the priority rules:
· Option 1: GNSS > {SLSS from in-coverage UE directly synchronized with GNSS = SLSS_net with in-coverage indicator 1 = SLSS from OOC UE directly synchronized with GNSS} > SLSS indirectly synchronized with GNSS ≥ SLSS_net with in-coverage indicator 0> standalone UE.
· Option 2: {SLSS_net with in-coverage indicator 1 = SLSS from in-coverage UE directly synchronized with GNSS} > SLSS_net with in-coverage indicator 0 > GNSS > SLSS from OOC UE directly synchronized with GNSS > SLSS indirectly synchronized with GNSS > standalone UE.
Note that if the eNBs are synchronized to GNSS, the problem is simplified since there is one less timing to consider. In such a case, one bit in the PSBCH can indicate that the UE is linked with a GNSS-synchronized eNB, and the priority rules can be simplified.
Proposal 4: one bit from in-coverage PSBCH to indicate whether eNB is synchronized to GNSS.
The SLSS’s from GNSS and eNB have different priority, thus need to be differentiated Since it was agreed that no new sequence will be introduced, using a dedicated value(s) for the SLSS IDs is an option. 
Proposal 5: for the V2V PC5 SLSS, SLSSID from GNSS timing uses a dedicated value

Vehicle frame number definition for PC5 based V2V transmission
When the UE is synchronized to the eNB’s timing, the SFN will be used for PC5 based V2V transmission. When the UE is synchronized to the GNSS, the frame number can be derived from the GNSS or UTC timing. We note that different GNSS systems will have different time mapping relationships [11]; hence UTC timing can be used to derive the sidelink frame number and subframe number. One example for the vehicle frame number (VFN) is:  


where the parameters Tref, a, b, c1 and c2 can be configured/pre-defined. For example, tcurrent is the time derived fromUTC; Tref is reference time; a and b are scale parameters to map the time to milliseconds; c1 can be 1024, c2 can be 10. The detailed definition can be provided by RAN2.
Proposal 6: PC5 TTI index/subframe number and frame number are derived from the UTC timing at least when GNSS is the direct synchronization reference for PC5 based V2V transmission.

[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed sync source priority, sync procedure and PC5 timing issues. From the discussion, we have the following conclusions: 
Observation 1: for in-coverage SLSS transmission:
· The cell configured downlink RSRP mechanism can be reused for V2V to determine timing reference
· Only one hop SLSS transmission is supported.

Proposal 1: when GNSS is lost in coverage, the UE falls back to use the eNB timing if no SLSS associated with GNSS has been detected
Proposal 2: if there is no uplink (Uu) traffic on the PC5 operation carrier (case 5A) and the UE did not receive any configuration on this carrier, the pre-configured priority rule is:
· GNSS>SLSS directly synchronized with GNSS>SLSS indirectly synchronized with GNSS>SLSS from the standalone UE.
Proposal 3: if V2x carrier is shared with Uu (case 5B), for out-of-coverage, select one of the priority rules:
· Option 1: GNSS > {SLSS from in-coverage UE directly synchronized with GNSS = SLSS_net with in-coverage indicator 1 = SLSS from OOC UE directly synchronized with GNSS} > SLSS indirectly synchronized with GNSS ≥ SLSS_net with in-coverage indicator 0> standalone UE.
· Option 2: {SLSS_net with in-coverage indicator 1 = SLSS from in-coverage UE directly synchronized with GNSS} > SLSS_net with in-coverage indicator 0 > GNSS > SLSS from OOC UE directly synchronized with GNSS > SLSS indirectly synchronized with GNSS > standalone UE.
Proposal 4: one bit from in-coverage PSBCH to indicate whether eNB is synchronized to GNSS.
Proposal 5: for the V2V PC5 SLSS, SLSSID from GNSS timing uses a dedicated value
Proposal 6: PC5 TTI index/subframe number and frame number are derived from the UTC timing at least when GNSS is the direct synchronization reference for PC5 based V2V transmission.
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