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1
Introduction
The updated V2X WID has the following:

a) 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.
Based on this, RAN WGs should decide remaining details of synchronization enhancements in the October meeting. It is also possible that WGs decide not to support some of the enhancements. 

In this contribution we discuss synchronization priority, SLSS based synchronization and signalling of offset w.r.t. GNSS based timing.

2
Prioritization of synchronization sources for out of coverage UEs

The following agreement was reached in RAN1 #86:

Agreement:
· GNSS is at the highest priority of synchronization source for time and frequency when the following conditions are met:

· The UE is out of coverage  on the V2X carrier (as defined by RAN2)

· The UE does not receive any eNB synchronization configuration 

· The UE directly receives GNSS with sufficient reliability (as defined by RAN4)
· The UE does not receive any SLSS_net signal  with in-coverage indicator 1
· The existing agreements apply when at least one of the above conditions is not met.

· FFS UE behaviour when the UE is out-of-coverage and receives SLSS_net.
After this agreement it is still open what the priority order of synchronization sources is for out of coverage (ooc) UEs receiving SLSS_net and good GNSS signal or ooc UEs not receiving SLSS_net and not having GNSS signal. We think that for ooc UE synchronization it would be beneficial if SLSS selection or PSBCH would carry information whether (a) in-coverage UE’s synchronization reference is GNSS or eNB timing and (b) whether a UE is synchronizing directly or indirectly to GNSS timing reference.  Information (a) would allow ooc UE with good GNSS signal to synchronize directly to GNSS timing rather than relying on synchronizing with in-coverage UE or another ooc UE synchronizing to an in-coverage UE. Information (b) would allow a UE without GNSS signal to synchronize to the UE providing the best GNSS timing reference. 
Assuming the above information (a) and (b) is available, the priority order of synchronization sources is

Proposal 1: The priority order of synchronization source for ooc UE with good GNSS signal:
1. In-coverage UE indicating that follows eNB timing.

2. Ooc UE synchronizing to an in-coverage UE and indicating it has eNB timing.

3. GNSS signal.
Proposal 2: The priority order of synchronization source for ooc UE without GNSS signal: 

1. In-coverage UE indicating that it follows eNB timing
2. Ooc UE synchronizing to an in-coverage UE and indicating that it follows eNB timing
3. UE with direct GNSS synchronization
4. UE with indirect GNSS synchronization

5. UE without GNSS synchronization

3
Offset between GNSS timing and eNB timing
In the last meeting the following agreement was made:

· RAN1 observed the potential benefit of (pre)configuring an offset to shift the DFN #0 w.r.t the reference timing derived from GNSS. RAN1 assumes that RAN2 will decide whether this feature will be included in the outcome of V2V WI.

· The offset is in range [0, 1 ms] with the granularity of 1 us.

The agreement can be interpreted from UE point of view so that UE could deduce eNB timing by using GNSS timing and applying offset received from eNB. Benefit of this operation would be that potential Doppler shift between UE and eNB can be eliminated. Another way of applying offset signaling is that eNB configures GNSS as a timing reference for V2V transmissions and signals also offset between GNSS and eNB timing. Then UEs that do not receive GNSS can deduce GNSS timing from the eNB timing. We think that offset should be applicable in both cases.
Proposal 3: Configured offset can be used to shift the DFN #0 w.r.t the reference timing derived from GNSS or from eNB. 
Offset signaling means that eNB has knowledge of GNSS timing but does not use it for eNB timing. It is somewhat questionable why eNB would have GNSS receiver if it is not used for synchronization. On the other hand all the V2V UEs (likely) have a GNSS receiver. One option proposed in [6] could be that V2V UEs that receive both GNSS and eNB timing, signal the offset to eNB and eNB distributes the offset to all the UEs in the cell.
Proposal 4: eNB can configure UE to measure and report timing difference between eNB and GNSS.
4
SLSS based synchronization
If enhancements to SLSS based synchronization are not specified, V2V transmissions in long tunnels, underground parking lots etc. where eNB and/or GNSS signal is not available, may be problematic.
In order to support prioritization of synchronization sources as described in Section 2, we think that the following higher layer signalling, SLSS sequence selection and PSBCH contents need to be defined: 

· Based on agreement in RAN1#84bis meeting higher layer signalling from eNB indicates whether eNB or GNSS timing is preferred for V2V

· Indication whether eNB timing or GNSS timing is preferred in the network can be communicated to the ooc UEs by SLSS sequence index selection. In some specific cases explicit signalling of timing preference via PSBCH could be considered: e.g. when UE sends SLSS index 169 – 335 (as described below) it could still indicate to the receiving UEs that they should prioritize this SLSS signal over GNSS. It is however unclear if this case requires special handling. We think that explicit signalling besides of SLSS index selection method is not necessary
· As agreed in the last meeting potential offset between GNSS timing and eNB timing is indicated to the UEs
· We assume that this information is only available within eNB coverage area and offset is not included in the PSBCH transmissions

· Regarding to whether higher layer signalling is needed to indicate if eNB timing is equivalent to GNSS timing, it should be noted that information about equivalence of eNB and GNSS timing can be derived from the signalling of the offset between GNSS timing and eNB timing, so no new signalling is needed. If eNB timing and GNSS timing are the same, UE should select SLSS sequence index so that indicates GNSS timing.
Regarding SLSS sequence index selection we propose the following procedure for the case when eNB timing is preferred:
· In-coverage UE selects SLSS sequence index 1 – 167 and set PSBCH bit to “in-coverage” 
· Out-of-coverage UE that receives sequence 1 – 167 from UE with PSBCH “inC” uses the same sequence in its own SLSS transmission and sets the bit in PSBCH to “out-of-coverage”
· Out of coverage UE that receives SLSS index 1 – 167 and PSBCH “out-of-coverage” uses received SLSS index + 168 and PSBCH “out-of-coverage”
· In the case that UE does not receive indication that eNB is preferred or UE receives info that eNB and GNSS timing are equivalent

· If UE receives GNSS directly it selects SLSS sequence index 0

· If UE configured to use GNSS does not receive GNSS, but receives SLSS index 0 from another UE, it uses SLSS index 168 in its own SLSS transmission
· If offset signalling is configured to indicate timing difference between GNSS and eNB timing:

· If based on offset signalling, UE deduces eNB timing from GNSS, it selects SLSS index 1 – 167

· If based on offset signalling, UE deduces GNSS timing from eNB timing, it selects SLSS index 168 (offset maybe 0 in this case)
Proposal 5: Indication whether eNB timing or GNSS timing is preferred in the network is done by SLSS sequence index selection

Proposal 6: SLSS sequence index 0 is used by UEs receiving GNSS directly, index 168 is used by UEs receiving GNSS indirectly or deducing GNSS timing from eNB timing. Indices 1 – 167 are used by in-coverage UEs or UEs receiving synchronization directly from in-coverage UEs. Indices 169 – 335 are used by UEs that receive synchronization from out-of-coverage UEs synchronized to in-coverage UEs. Also if UE does not receive synchronization from external sources and it has to use its own clock it selects randomly one of the SLSS indices between 169 – 335.
5
Conclusions
In this contribution we discussed enhancements to sidelink synchronization and made the following proposals:
Proposal 1: The priority order of synchronization source for ooc UE with good GNSS signal:

1.
In-coverage UE indicating that it follows eNB timing.

2.
Ooc UE synchronizing to an in-coverage UE and indicating it has eNB timing.

3.
GNSS signal.

Proposal 2: The priority order of synchronization source for ooc UE without GNSS signal: 

1.
In-coverage UE indicating that it follows eNB timing

2.
Ooc UE synchronizing to an in-coverage UE and indicating that it follows eNB timing

3.
UE with direct GNSS synchronization

4.
UE with indirect GNSS synchronization

5.
UE without GNSS synchronization

Proposal 3: Configured offset can be used to shift the DFN #0 w.r.t the reference timing derived from GNSS or from eNB. 

Proposal 4: eNB can configure UE to measure and report timing difference between eNB and GNSS.

Proposal 5: Indication whether eNB timing or GNSS timing is preferred in the network is done by SLSS sequence index selection

Proposal 6: SLSS sequence index 0 is used by UEs receiving GNSS directly, index 168 is used by UEs receiving GNSS indirectly or deducing GNSS timing from eNB timing. Indices 1 – 167 are used by in-coverage UEs or UEs receiving synchronization directly from in-coverage UEs. Indices 169 – 335 are used by UEs that receive synchronization from out-of-coverage UEs synchronized to in-coverage UEs. Also if UE does not receive synchronization from external sources and it has to use its own clock it selects randomly one of the SLSS indices between 169 – 335.
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