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1. Introduction

During the study on PC5-based V2V, necessity and benefit to include GNSS as an additional synchronization reference has been identified [1]. As GNSS or eNB based synchronization is not available in some situation, e.g., in-tunnel or underground, it is also agreed that SLSS based synchronization is supported for PC5-based V2V [1]. We discuss further detail of synchronization aspect in this contribution. 
2. Priority and mapping to SLSS/PSBCH
For the scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage, SLSS and PSBCH need to support GNSS as a synchronization reference. Synchronization priority for the UE synchronized to GNSS needs to be clarified. In Rel-12, three synchronization priority groups and associated synchronization reference have been defined for SLSS based synchronization. In order to consider appropriate priority, following agreements on the synchronization priority needs to be considered.

	· 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 
· “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.”
· At least reuse priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon

· FFS: any new priorities can be defined if benefits are shown
· FFS: Definition of SLSS_net, SLSS_oon

· FFS: GNSS or GNSS equivalent priority
· 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: whether the configured SLSS uses the same configuration as Rel-12 D2D SLSS or not
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1
· FFS: Periodicity of synchronization resource


As direct GNSS synchronization has highest priority for out of coverage case and it provides common synchronization reference, we consider that impact on Uu operation needs to be accepted as long as out of coverage PC5 operation can be disabled similar to Rel-12. Assuming that, synchronization priority between UE directly synchronized to GNSS and eNB does not provide major difference. So we propose to keep the current mechanism for priority mapping using SLID (SLSS_net and SLSS_oon) and in-coverage indicator in PSBCH. On the other hand, we consider that relayed SLSS needs to be de-prioritized to the UE directly synchronized to eNB or GNSS. Therefore, UE directly synchronized to GNSS has to set in-coverage indicator as 1 and two possible SLSS (SLSS_net or SLSS_oon) is considered. Although further discussion is needed for SLSS relay, starting point would be Rel-12 mechanism. Proposed priority order and mapping to SLSS/PSBCH is shown in Figure 1. 
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Figure 1: Synchronization priority order
For alternative 1, UE directly synchronized to GNSS transmits a SLSS from SLSS_net, but the SLID is reserved or pre-defined for GNSS based synchronization. Same priority order as the UE directly synchronized to eNB is applied. In this case, if higher priority is configured for GNSS synchronization, eNB may disable SLSS transmission directly synchronized to eNB. In an opposite case, all the in-coverage UE directly synchronized to eNB and no duplication expected in coverage. For Alt. 1, relayed SLSS which has synchronization reference to eNB or GNSS is always prioritized to the isolated synchronization.

For alternative 2, UE directly synchronized to GNSS transmits SLSS from SLSS_ooc with in-coverage indicator 1. As new priority group is introduced for Alt. 2, different priority order can be set from UE directly synchronized to eNB. We consider UE directly synchronized to eNB should have equal or higher priority. Similar to Alt. 1, SLSS transmission from the UE directly synchronized to eNB can be disabled if higher priority is configured for GNSS synchronization. For Alt. 2, if we keep the existing mechanism for SLSS relay, the UE indirectly synchronized to GNSS transmits SLSS_oon with in-coverage indicator which has same priority as isolated UE. Therefore, some optimization for SLSS relay is further considered.

Both alternative 1 and alternative 2 has backwards compatibility as Rel-12 D2D synchronization in terms of SLSS design and synchronization procedure if eNB synchronization is utilized. If DM-RS for PSBCH can be backward compatible, SLSS and PSBCH can be backward compatible except SLSS_oon with in-coverage indicator 1 in Alt. 2. Even if additional indicator is introduced for PSBCH, reserved bits in the PSBCH can carry new contents for V2X. Necessity of enhancement for the case PC5-based V2X and legacy D2D operation is co-existed in the same carrier needs to be further discussed.

As we have agreed not to optimize only for the scenarios with there is no eNB coverage and GNSS, Alt. 1 is preferred unless any critical issues are found.

Proposal 1: UE directly synchronized to GNSS transmits SLSS_net with in-coverage indicator 1. The SLID for GNSS is reserved or pre-configured.
Proposal 2: UE directly synchronized to GNSS and UE directly synchronized to eNB have same priority.
Proposal 3: SLSS transmission for UE directly synchronized to GNSS and UE directly synchronized to eNB are separately configured.
3. SLSS Transmission condition
For V2X with GNSS based synchronization, SLSS based synchronization is only necessary in-tunnel, underground and urban canyon case. Since we assume that number of vehicle UEs are participating in the V2V message transmission, unnecessary SLSS transmission should be avoided. Most of the UEs are directly synchronized to GNSS or eNB and eNB can control which UE transmits SLSS if it is in coverage. In the remaining cases, SLSS transmission from the out of coverage UE directly synchronized to GNSS is the target of the enhancement. This enhancement is not only for efficient synchronization but also contribute to mitigate the interference on uplink in case of co-existence with Uu.

Observation 1: If the SLSS transmissions by UEs directly synchronized to GNSS are limited, unnecessary SLSS transmission can be significantly reduced.
In Rel-12 D2D, transmission condition of SLSS is controlled by a threshold of S-RSRP. If we apply similar rule for the UE directly synchronized to GNSS, the S-RSRP should be highest S-RSRP instead of S-RSRP measurement result of the selected UE for synchronization reference. If the measurement based SLSS transmission cannot adopt high mobility, speed dependent optimization needs to be considered. For example, if S-RSRP threshold for SLSS transmission can be speed dependent, UE with high mobility can be configured with higher S-RSRP threshold in order to increase the opportunity of SLSS transmission. Nevertheless the benefit to reduce unnecessary transmission of SLSS, impact on the time for initial synchronization needs to be avoided.

Proposal 4: If the UE is out of coverage and the UE is directly synchronized to GNSS, the UE transmits SLSS when highest S-RSRP is below a pre-configured threshold.

4. Conclusion

In this contribution, we discussed. Observation and proposals are summarized below.

· Observation 1: If the SLSS transmissions by UEs directly synchronized to GNSS are limited, unnecessary SLSS transmission can be significantly reduced.
· Proposal 1: UE directly synchronized to GNSS transmits SLSS_net with in-coverage indicator 1. The SLID for GNSS is reserved or pre-configured.
· Proposal 2: UE directly synchronized to GNSS and UE directly synchronized to eNB have same priority.
· Proposal 3: SLSS transmission for UE directly synchronized to GNSS and UE directly synchronized to eNB are separately configured.
· Proposal 4: If the UE is out of coverage and the UE is directly synchronized to GNSS, the UE transmits SLSS when highest S-RSRP is below a pre-configured threshold.
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