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1 Introduction
At RAN1 #83 meeting [1], synchronization for V2X was discussed. The following agreements were reached: 
SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.
· [...]
· Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.

· FFS PSBCH contents

In this contribution, we continue to discuss SLSS and PSBCH design for PC5 based V2V.
2 Information needed on the V2V PC5

2.1 Information needed on the D2D PC5:
Table 1 lists the existing contents of the D2D PSBCH.
Table 1. Existing contents of D2D PC5 PSBCH
	Indication content
	Number of bits

	Sidelink system bandwidth
	3

	TDD UL-DL configuration
	3

	Direct frame number (DFN)
	14

	Direct subframe number
	

	In-coverage indicator
	1

	Reserved bits
	19

	Total
	40 bits


Since the shared carrier can also be used for V2V PC5, the information in Table 1 would be needed for V2V PC5 communication. For example, the system frame number of out-of-coverage V2V PC5 could be different from the in-coverage Uu link, both for shared and dedicated carriers. Hence the DFN is needed. TDD UL-DL configuration is also needed, since TDD can be used for V2V PC5 at least in shared carrier. For the in-coverage indicator, we agreed in the last meeting that the indicator will be reused in V2V PC5. Sidelink system bandwidth indicates the V2V PC5 system bandwidth. 
Proposal 1: the existing contents in the D2D PC5 PSBCH is kept for V2V PC5.
2.2 Additional information indicated in V2V PC5:
The following information should be indicated for the V2V PC5 link:
· If the timing comes from GNSS. We denote the in-GNSS indicator ‘inGNSS’. As discussed in [2], this information can be used for both in-coverage and out-of-coverage. For partial-coverage, as in Figure 1, SLSS1 and SLSS2 have the same priority [2]. However, UE2 and UE3 may have different timing if they have different operator networks. If the timing from eNB1 is different from GNSS, it is necessary to indicate the timing type information at least for the shared carrier. UE1 should choose the timing from eNB1 in the shared carrier in order to protect cellular transmission. For out-of-coverage, if the timing type is indicated to the receiver, it can differentiate GNSS/eNB timing from the local UE’s timing. As shown in Figure 1, if UE1 only receives SLSS4 and SLSS3, then it should choose SLSS3, for the SLSS3 from UE5 has higher priority [2]. 
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Figure 1. Partial coverage with different timing
· If PC5 uses the shared carrier. We denote the carrier indicator as ‘inShared’. If this information is indicated by V2V PC5 UE, then cellular traffic can be protected when the out-of-coverage UE selects a different synchronization source. For example, when the eNB timing is different than GNSS-based out-of-coverage PC5 timing, the out-of-coverage UE should choose the eNB timing if the shared carrier is used, although they have the same priority as in [2]. As shown in Figure 2, UE1 can receive UE2’s and UE3’s timing. UE2’s timing is derived from the eNB. The UE3’s timing is derived from GNSS. If the shared carrier is used for V2V PC5, UE1 should choose the timing from the in-coverage UE. Otherwise, potential interference can occur to cellular traffic. 
· If V2V operation is enabled. This bit will be used from the eNB to enable or disable the UE’s transmission in V2V PC5, especially for out-of-coverage UEs [3]. We denote the transmission indicator as ‘inTx’.
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Figure 2. Synchronous network has different timing with OOC GNSS-based timing
Proposal 2: the following new information is needed for the V2V PC5 link:

· inGNSS: indicates if SLSS timing comes from GNSS

· inShared: indicates if PC5 link uses the shared carrier

· inTx: indicates if V2V operation is enabled
2.3 How to indicate the additional information in V2V PC5

The inTx field can be indicated in the PSBCH reserved bits as described in [3]. The inGNSS and inShared fields can be indicated by the SLSS or the PSBCH reserved bits. Possible ways to indicate the four combinations of inGNSS and inShared include:
· Option 1: add new PSSS root index.
· Option 2: separate the SSSS ID into different groups. We can define or configure the existing SSSS ID into several different groups. Hence, we can use different SSSS group ID to indicate the combinations. 
· Option 3: use PSBCH reserved bits. 
From the RAN#70 meeting [4], since SLSS-based synchronization has lower priority, it is not preferable to indicate inGNSS and inShared information using option 1. Option 2 and option 3 have less specification impact. 
Proposal 3: The indications of inGNSS and inShared can be based on SLSS or PSBCH. 
3 Discussion on SLSS/PSBCH transmission
For SLSS and PSBCH transmissions, one issue is the potential modification to V2V PC5 PSBCH. since four DMRS symbols have been proposed to improve the performance of V2V PC5 PSBCH at high Doppler rates [5]. The number of symbols for PSBCH would be reduced by two symbols. As a result, the coding rate of PSBCH will increase. To maintain similar performance as PSBCH for D2D, we considered several options:
· Option 1: reduce the payload size for PSBCH. The original payload is 40 bits in D2D. We can reduce the PSBCH for V2V, for example to 24~30 bits and hence improve the code rate. However, the reduction can limit the design flexibility for further V2X enhancements. 
· Option 2: add an additional synchronization subframe within a synchronization period, as shown in Figure 3. This results in providing more subframes for the PSBCH, allowing a receiver to combine more transmissions.. Although the overhead for synchronization will be higher the SLSS period can be increased to reduce the overhead impact. 
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Figure 3. Two sync subframes within per SLSS period for one sync source
· Option 3: split the V2V PSBCH channel across two adjacent synchronization subframes, as shown in Figure 4, to obtain a low code rate. This option will not increase the resource overhead but it will increase the PSBCH detection time slightly. 
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Figure 4. Two parts V2V PSBCH transmission
Proposal 4: after accounting for more two DMRS symbols in V2V PSBCH, modifications should be considered to address the fewer PSBCH symbols in each synchronization subframe.
Another issue is to whether to differentiate the V2V sidelink and D2D sidelink transmissions. If the V2V PC5 SLSS is the same as D2D PC5 SLSS, both D2D UEs and V2V UEs will detect these SLSS. However, the synchronization procedure and mechanism in V2V PC5 will be different from D2D because GNSS will be introduced for V2V PC5. A D2D UE may not understand the newer synchronization features. Hence, a simple method is to differentiate the V2V PC5 SLSS with D2D PC5 SLSS.
Proposal 5: V2V PC5 SLSS/PSBCH should be differentiated from D2D PC5 SLSS/PSBCH. 

4 Conclusions

In this contribution, we discussed the SLSS and PSBCH design for PC5 based V2V, and we have the following observations and conclusions: 
Proposal 1: the existing contents in the D2D PC5 PSBCH is kept for V2V PC5.

Proposal 2: the following new information is needed for the V2V PC5 link:

· inGNSS: indicates if SLSS timing comes from GNSS

· inShared: indicates if PC5 link uses the shared carrier

· inTx: indicates if V2V operation is enabled
Proposal 3: The indications of inGNSS and inShared can be based on SLSS or PSBCH. 
Proposal 4: after accounting for more two DMRS symbols in V2V PSBCH, modifications should be considered to address the fewer PSBCH symbols in each synchronization subframe.
Proposal 5: V2V PC5 SLSS/PSBCH should be differentiated from D2D PC5 SLSS/PSBCH. 
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