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1. Introduction
In this contribution, we discuss synchronization enhancements for PC5-based V2V.
2. Discussions
2.1. Synchronization procedure enhancement 
In RAN1 #82bis, the following agreements were made:

Agreements:
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.

· 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.

· 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

· Priority of GNSS or GNSS-equivalent for other cases needs further study

· Priority of other synchronization source needs further study

· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied

· RAN1 will not optimize only for this scenario

· This scenario needs to be supported from the synchronization perspective

· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent

· Asynchronous network case should be supported.

· Perspectives for further study:

· eNB assistant information, e.g.

· Timing offset to UTC

· TA or eNB location

· others
Based on the agreement, synchronization procedure enhancement for PC5 V2V operations is discussed. 
Following terminologies are defined for sake of explanation, 

· UE N-1: a UE transmitting SLSS based on eNB timing and using id_net and coverage indicator = 1. 

· UE N-2: a UE transmitting SLSS based on the timing of UE N-1 and using id_net and coverage indicator = 0.

· UE G-1: a UE transmitting SLSS based on GNSS timing. Note that SLSS id and PSBCH setting will be discussed later. 
· UE G-2: a UE transmitting SLSS based the timing of UE G-1. Note that SLSS id and PSBCH setting will be discussed later.   

· OON UE: out-of-coverage UE

Fig. 1 illustrates an example of V2V synchronization. 
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Figure 1 an example of V2V synchronization
Synchronization priority

Synchronization priority order can be determined by considering the following aspects, 

· Hop count from GNSS: less hop count has higher priority and the maximum hop count should be limited as rel. 12. 
· Frequency offset: This aspects is related with frequency offset requirement of eNB and UE, and hop count from GNSS.
· Priority indication via eNB: Network can explicitly or implicitly indicate which timing is prioritized between eNB based timing and GNSS based timing. 
· GNSS reception capability of eNB: If there is no GNSS reception capability, GNSS based timing could be higher priority than eNB based timing for better V2V operation.  However, even if eNB has no GNSS reception capability, eNB based timing could be prioritized for better cellular operation. 
· Impact on Uu: This is related with GNSS reception capability of eNB. Cell edge UE performance and Uu operation should be taken into account. 
Let us consider out-of-coverage UE’s synchronization priority first. In the agreement, GNSS is the highest priority. Then, we need to determine the priority between GNSS based UE (UE G-1) and eNB based UE (UE N-1) in out-of-coverage. UE G-1 is one hop from GNSS, and UE N-1 is two-hop from GNSS when eNB has GNSS reception capability. Therefore, UE G-1 can have higher priority than UE N-1. However, if it could be accepted that frequency offset requirement of eNB is very small when eNB is capable of receive GNSS signal, UE G-1 is the same priority with UE N-1. Note that equal priority means that the synchronization source will be selected by based on S-RSRP measurement for multiple visible synchronization sources with same priority. 
The other issue to determine the priority between UE G-1 and UE N-1 is interference to Uu. If UE G-1 has higher priority than UE N-1, the cell edge performance in TDD cell may be much degraded and in FDD, V2V operation is not TDMed well. This issue is also related with the priority between GNSS and UE N-1. However, in out-of-coverage, it was agreed that GNSS is the highest priority. To have higher priority for UE N-1 than GNSS, modifying the agreement can be an approach. In summary,  
GNSS> UE G-1> UE N-1, 
GNSS> UE G-1 = UE N-1,
or UE N-1> GNSS> UE G-1 (If the agreement is modified to “eNB can prioritize synch source originated from eNB” and network (pre)configures that synchronization reference originated from eNB has higher priority than GNSS.)
can be considered. Next, it is necessary to determine the priority between two-hop GNSS based UE (UE G-2) and eNB based UE (UE N-1). UE G-2 is two-hop from GNSS that is same hop count of UE N-1 from GNSS when eNB has GNSS reception capability. This means that UE G-2 and UE N-1 have same priority. On the other hand, eNB has always fixed location, but UE G-1 can move around. Therefore, UE N-1 has higher priority than UE G-2 since total frequency offset of UE N-1 is smaller than UE G-2. When eNB does not have GNSS reception capability, the priority between UE N-1 and UE G-2 can be dependent on network configuration. If network configures GNSS based synchronization is always prioritized, UE G-2 can have higher priority than UE N-1. Therefore, the following priority between UE N-1 and UE G-2 can be considered,  
UE N-1 = UE G-2, 
UE N-1 > UE G-2, 
or UE G-2 > UE N-1.
Similar analysis can be applied to determine the priority between UE N-2 and UE G-2. Finally, it is natural that OON UE is the lowest priority. 
Let us consider the priority in network coverage where UE can detect eNB signal. As agreed in RAN1 82bis, network can configure priority between eNB based synchronization and GNSS based synchronization. Even if network configures that eNB has higher priority than GNSS based synchronization, prioritization of eNB can be broken when UE is in out-of-coverage due to the agreement in RAN1 #82bis. Therefore, eNB based synchronization prioritization may not be implemented perfectly if the agreement is not modified. 
In addition, the explicit signaling for GNSS based synchronization prioritization may not be needed if eNB can set SLSS id and PSBCH contents properly. The details will be discussed later. 

In summary, we discussed synchronization prioritization. There are many possibilities and we choose several options that seem reasonable. Table 1 summarizes synchronization source priority options for out of network coverage UE.  

Table 1 Synchronization priority for out-of-coverage UE

	Option
	Priority order

	option 1
	GNSS> UE G-1> UE N-1> UE G-2> UE N-2> OON UE

	option 2
	GNSS > UE G-1= UE N-1> UE G-2= UE N-2> OON UE

	option 3
	GNSS > UE G-1> UE N-1= UE G-2> UE N-2> OON UE

	option 4
	UE N-1> UE N-2> GNSS> UE G-1> UE G-2> OON UE
Note: modifying agreement is necessary.

	option 5
	GNSS> UE G-1> UE G-2> UE N-1> UE N-2> OON UE

Note: GNSS synchronization prioritization is preconfigured or signaled via PSBCH.


SLSS ID and PSBCH setting 
As discussed priority earlier, the important thing is how to specify them. First, it is desirable to separate the GNSS based SLSS ID with eNB based SLSS ID. To minimize specification impact, it is possible to reserve one of the existing SLSS ID to the GNSS based SLSS ID. Note that in this case the eNB is not prohibited to configure for in coverage UE to transmit the GNSS based SLSS ID. For example, if the eNB is able to receive GNSS, it may indicate to for in-coverage UE to use the GNSS based SLSS ID. 
PSBCH field can be set differently depending on priority option. In option 2 UE G-1 and N-1, UE G-2 and UE N-1 have the same priority. In this case, if set to the coverage indicator = 1 for UE G-1, the synchronization signals of UE N-1 and UE G-1 can be SFNed. If different types of synchronization signals are SFNed, UE implementation can be simplified because each UE does not need to measure separately the synchronization measurement. Table 2 summarizes the SLSS ID and PSBCH field setting method for each option. 
It is observed that option 1 and 2 do not require usage of reserved bits in PSBCH. The difference between option 1 and 2 is whether prioritization of GNSS in same hop count is performed or not. In option 2, UE will determine its synchronization source based on S-RSRP measurement, but in option 1, GNSS will be prioritized in same hop count. To see more specific issue between option 1 and 2, let us consider a situation where a UE can see two UEs; UE N-1 and UE G-1 within a coverage and a receiver UE is nearby UE N-1 a little bit. In option 1, the receiver UE will be suffered from strong interference by UE N-1 because the receiver UE will prioritize to UE G-1, but in option 1, the receiver UE will prioritize UE N-1. Option 2 seems more reasonable approach, but any option should be able to handle multiple timing issues when eNB is not capable of GNSS reception. 
Table 2 SLSS ID and PSBCH setting
	Option
	SLSS ID and PSBCH setting for UE G-1 and UE G-2


	option 1
	Priority: GNSS> UE G-1> UE N-1> UE G-2> UE N-2> OON UE
SLSS ID for UE G-1: An ID in in_net is reserved for GNSS based synchronization

Coverage indicator for UE G-1: 1

SLSS ID for UE G-2: An ID in in_net is reserved for GNSS based synchronization

Coverage indicator for UE G-2: 0
Note: The ID reserved for GNSS based synchronization has higher priority than other IDs in id_net. 

	option 2
	Priority: GNSS > UE G-1= UE N-1> UE G-2= UE N-2> OON UE
SLSS ID for UE G-1: in_net reserved for GNSS based synchronization

Coverage indicator for UE G-1: 1

SLSS ID for UE G-2: in_net reserved for GNSS based synchronization

Coverage indicator for UE G-2: 0

	option 3
	Priority: GNSS > UE G-1> UE N-1= UE G-2> UE N-2> OON UE
SLSS ID for UE G-1: in_net reserved for GNSS based synchronization

Coverage indicator for UE G-1: 1
New field using PSBCH reserved bits for indication of direct GNSS reception: 1

SLSS ID for UE G-2: in_net reserved for GNSS based synchronization

Coverage indicator for UE G-2: 1
New field using PSBCH reserved bits for indication of direct GNSS reception: 0

	option 4
	Priority: UE N-1> UE N-2> GNSS> UE G-1> UE G-2> OON UE
SLSS ID for UE G-1: an ID in id_oon is reserved for GNSS based synchronization

Coverage indicator for UE G-1: 1
Or coverage indicator for UE G-1: 0 and new field for indication direct GNSS reception: 1
SLSS ID for UE G-2: an ID in id_oon is reserved for GNSS based synchronization

Coverage indicator for UE G-2: 0
Or coverage indicator for UE G-1: 0 and new field for indication direct GNSS reception: 0


	option 5
	Priority: GNSS> UE G-1> UE G-2> UE N-1> UE N-2> OON UE
SLSS ID for UE G-1: an ID in id_net is reserved for GNSS based synchronization

Coverage indicator for UE G-1: 1
Or coverage indicator for UE G-1: 1 and new field for indication direct GNSS reception: 1
SLSS ID for UE G-2: an ID in id_net is reserved for GNSS based synchronization

Coverage indicator for UE G-2: 0
Or coverage indicator for UE G-1: 1 and new field for indication direct GNSS reception: 0



Based on the discussion, option 1 or 2 does not require new PSBCH field and minimizes the impact on the current specification on the synchronization procedure. We prefer option 1 or 2. 

Proposal 1: Option 1 or 2 is supported for synchronization procedure enhancement for PC5 based V2V. 

2.2. Synchronization format enhancement
As discussed in [1], higher density DMRS and Comb type RS are considered to cope with high frequency offset. Similar approach should be applied PSBCH for PC5 based V2V. For example, DM RS for PSBCH is located in SC-FDMA symbol 5 in the first slot and symbol 1 in the second slot. Generally, PSBCH DMRS type, number, position can be modified for PC5-based V2V operation. We note that a new PSBCH format can be used in high carrier frequency, and network can configure which PSBCH format is used. 
Proposal 2: PSBCH DMRS type, number, position can be modified for PC5-based V2V operation. 
3. Conclusion
This contribution discussed synchronization enhancements for PC5-based V2V. Based on discussions, the following observation and proposals were made:
Proposal 1: Option 1 or 2 is supported for synchronization procedure enhancement for PC5 based V2V. 
	option 1
	Priority: GNSS> UE G-1> UE N-1> UE G-2> UE N-2> OON UE
SLSS ID for UE G-1: An ID in in_net is reserved for GNSS based synchronization

Coverage indicator for UE G-1: 1

SLSS ID for UE G-2: An ID in in_net is reserved for GNSS based synchronization

Coverage indicator for UE G-2: 0
Note: The ID reserved for GNSS based synchronization has higher priority than other IDs in id_net. 

	option 2
	Priority: GNSS > UE G-1= UE N-1> UE G-2= UE N-2> OON UE
SLSS ID for UE G-1: in_net reserved for GNSS based synchronization

Coverage indicator for UE G-1: 1

SLSS ID for UE G-2: in_net reserved for GNSS based synchronization

Coverage indicator for UE G-2: 0


Proposal 2: PSBCH DMRS type, number, position can be modified for PC5-based V2V operation. 
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