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[bookmark: _Ref174151459][bookmark: _Ref189809556]The work item for LTE-based V2X services [1] has the following objective;
e) Remaining enhancement to sidelink synchronization including SLSS-based synchronization and offset to shift the DFN #0 w.r.t the reference timing derived from GNSS [RAN1, RAN2, RAN4]
i) A solution not agreed by RAN1#86bis/RAN2#95bis shall not be considered for standardization.
In this contribution, we discuss the remaining issues on synchronization enhancement for PC5 based V2V.  

Discussion
Synchronization source priority
From the working assumption in previous meetings, priority of SLSS transmitted from in coverage UE directly synchronization with GNSS is the same as that of SLSS_net with incoverage indicator 1. Also it was agreed that SLSS transmitted from out-coverage UE directly synchronization with GNSS is differentiated from SLSS_net with in coverage indicator 1. It is natural that priority of SLSS transmitted from out coverage UE directly synchronization with GNSS is the same as that of SLSS_net with incoverage indicator 1 because there is no reason to differentiate GNSS based synchronization signal between in and out of coverage UEs. 
For out-of-coverage, the priority of synchronization source is as follows:
P1: GNSS
P2: the following SLSS signals have the same priority:
· SLSS_net with in-coverage indicator 1
· one ID is reserved in SLSS_net for UE directly synchronized with GNSS
P3: SLSS_net with in-coverage indicator 0
P4: SLSS_oon with in-coverage indicator 0
Proposal 1: One ID e.g. id=0 in SLSS_net is reserved for UE directly synchronized with GNSS. 
Proposal 2: For out-of-coverage, the priority of synchronization source is as follows:
P1: GNSS
P2: SLSS_net with in-coverage indicator 1
· one ID is reserved in SLSS_net for UE directly synchronized with GNSS
P3: SLSS_net with in-coverage indicator 0
P4: SLSS_oon with in-coverage indicator 0
SLSS/PSBCH transmission condition
In coverage, network can control SLSS/PSBCH transmission. When eNB configures that eNB timing is prioritized, rel. 12/13 D2D mechanism can be reused. In other words, network signaling or RSRP threshold to trigger SLSS/PSBCH transmission. When eNB configures that GNSS timing is prioritized, to minimize specification impact, it can be specified that UE always transmits SLSS/PSBCH if UE has GNSS timing with sufficient reliability. The meaning of “sufficient reliability” can be discussed in RAN4. For out of coverage, rel. 12/13 SLSS/PSBCH transmission condition can also be reused. Additionally, if a UE has GNSS timing with sufficient reliability, it is proposed that the UE always transmits SLSS/PSBCH.  
Proposal 3: For in-coverage UE, when eNB configures that eNB timing is prioritized over GNSS timing, reuse rel.12/13 mechanism of SLSS/PSBCH transmission is reused. 
Proposal 4: For in-coverage UE, when eNB configures that GNSS timing is prioritized over eNB timing, UE always transmits SLSS/PSBCH if the UE has GNSS timing with sufficient reliability. 
Proposal 5: For out-coverage UE, rel. 12/13 SLSS/PSBCH transmission mechanism is reused. In addition, if a UE has GNSS timing with sufficient reliability, the UE always transmits SLSS/PSBCH.
Synchronization resource configuration
In rel. 12/13, one synchronization resource is configured for in-coverage UE and two synchronization resources are configured for out-coverage UE. In V2V, one additional synchronization resource can be configured for in-coverage UE when the UE selects GNSS as a timing reference. GNSS can be considered as a very wide cell but GNSS cannot configure synchronization resource, so eNB can configure the SLSS resource instead of GNSS. 
When eNB configures the additional synchronization resource, timing reference should be discussed. In rel. 12/13 D2D, all timing offset is configured with respect to SFN 0. If eNB has GNSS reception capability, SFN will be aligned with DFN, so eNB can configure the additional synchronization resource with respect to SFN 0. However, if there is no GNSS reception capability to eNB, there will be SLSS timing misalignment between cells. Since the synchronization resource for GNSS based SLSS transmission is for the so-called GNSS cell, the reference timing should be relative to DFN 0. This can be beneficial to have common SLSS transmission timing especially in asynchronous scenario. 
Observation 1: If eNB configures SLSS resource for GNSS timing w.r.t. SFN 0, there will be timing misalignment between cells in asynchronous network. 
Proposal 6:  For in-coverage UE, two synchronization resources can be configured; one is for eNB based SLSS/PSBCH transmission, another is for GNSS based SLSS/PSBCH transmission. 
Proposal 7: For GNSS based SLSS/PSBCH transmission for in-coverage UE, the synchronization resource is configured w.r.t DFN 0.
For out-coverage UE, two resources can be configured as well. For the GNSS based synchronization, one resource can be configured for SLSS transmission for the UE directly synchronized to GNSS, and another resource can be configured for SLSS transmission for the UE indirectly synchronized to GNSS. If a UE does not select the GNSS as timing reference, one of the two resources is used for SLSS transmission, and the other is used for SLSS tracking if the UE selects the other UE as a SynRef. 
Proposal 8: For out-coverage UE, two resources are configured as well w.r.t. DFN 0. 
PSBCH bit size
We observe that 40-bit PSBCH has error floor with the agreed DM RS structure. The bit number needs to be changed. Table 1 shows the PSBCH decoding performance for different PSBCH bit size. 
Table 1. BLER performance for different PSBCH bit size.
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In this table, “No” means symbol #0 is used, “Yes” means symbol #0 is punctured. When the first symbol is punctured, the BLER performance has error floor. 
Observation 2: 40-bit PSBCH has error floor with the agreed DMRS structure. 
Proposal 9: the reserved bit size can be changed to avoid poor BLER performance of PSBCH. 
PSBCH DMRS CS/OCC
There is remaining issue on PSBCH DMRS CS/OCC. Since the number of DMRS is increased to three, length 3 OCC should be used. For example, length 3 DFT matrix can be used for length 3 OCC. The number of OCC can be limited to two to minimize specification impact. From this proposal, no change is necessary for DMRS CS. 
Proposal 10: length 3 DFT matrix is used for V2V PSBCH DMRS OCC. 
Proposal 11: Two codewords in length 3 DFT matrix are used for V2V PSBCH DMRS OCC to minimize specification impact.   
Conclusion
This contribution discussed on sidelink synchronization. The discussions can be summarized as follows:
Proposal 1: One ID e.g. id=0 in SLSS_net is reserved for UE directly synchronized with GNSS. 
Proposal 2: For out-of-coverage, the priority of synchronization source is as follows:
P1: GNSS
P2: SLSS_net with in-coverage indicator 1
· one ID is reserved in SLSS_net for UE directly synchronized with GNSS
P3: SLSS_net with in-coverage indicator 0
P4: SLSS_oon with in-coverage indicator 0
Proposal 3: For in-coverage UE, when eNB configures that eNB timing is prioritized over GNSS timing, reuse rel.12/13 mechanism of SLSS/PSBCH transmission is reused. 
Proposal 4: For in-coverage UE, when eNB configures that GNSS timing is prioritized over eNB timing, UE always transmits SLSS/PSBCH if the UE has GNSS timing with sufficient reliability. 
Proposal 5: For out-coverage UE, rel. 12/13 SLSS/PSBCH transmission mechanism is reused. In addition, if a UE has GNSS timing with sufficient reliability, the UE always transmits SLSS/PSBCH.
Observation 1: If eNB configures SLSS resource for GNSS timing w.r.t. SFN 0, there will be timing misalignment between cells in asynchronous network. 
Proposal 6:  For in-coverage UE, two synchronization resources can be configured; one is for eNB based SLSS/PSBCH transmission, another is for GNSS based SLSS/PSBCH transmission. 
Proposal 7: For GNSS based SLSS/PSBCH transmission for in-coverage UE, the synchronization resource is configured w.r.t DFN 0.
Proposal 8: For out-coverage UE, two resources are configured as well w.r.t. DFN 0. 
Observation 2: 40-bit PSBCH has error floor with the agreed DMRS structure. 
Proposal 9: the reserved bit size can be changed to avoid poor BLER performance of PSBCH. 
Proposal 10: length 3 DFT matrix is used for V2V PSBCH DMRS OCC. 
Proposal 11: Two codewords in length 3 DFT matrix are used for V2V PSBCH DMRS OCC to minimize specification impact.   
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