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1 Introduction
In the last RAN2#95 meeting, RAN2 received a LS [1] from RAN1, notifying RAN2 about some agreement on synchronization offset indication for V2V, and asking RAN2 to consider the corresponding implementation.
	LS on Synchronization Offset Indication for V2V  [1]
RAN1 has discussed V2V synchronization based on GNSS. RAN1 observed the potential benefit of (pre)configuring an offset to shift the DFN #0 w.r.t the reference synchronization derived from GNSS. RAN1 assumes that RAN2 will decide whether this feature will be included in the outcome of V2V WI.

RAN1 observed that the offset could be in range [0, 1 ms] with the granularity of 1 us.


This issue was discussed and the following was agreed by RAN2
=>
 The following formula for DFN calculation from GNSS is used:
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=>  The reference UTC time (Tref) in the above formula is suggested to 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900).
=> Include offset [0, 1 ms] with the granularity of 1 us.
During the email discussion after RAN2#95 meeting, there were some discussion on how to capture the above agreement, but no conclusion was achieved.
For this reason, the following new item has been included in the revised WID for LTE-based V2X Services [2]
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.
In this contribution, we provide some more background information on the benefit of this synchronization offset and indicate how to capture it in specification. In the companion CR [3], we provide a possible implementation of the DFN offset in RRC specification. 
2 Discussion
2.1 Background

According to the agreement from RAN1, UE can derive synchronization information for V2V transmission from GNSS, as shown below.

UE can obtain UTC time from GNSS. As already captured in the specification, the UE can derive DFN from the current UCT time and a reference UTC time. With the introduction of the DFN offset, the DFN and corresponding subframe border can be shifted.

According to RAN1 discussion, the main purpose of this offset is to mitigate the possible interference towards UL and DL due to misalignment between eNB synchronization and GNSS synchronization;

An example is shown in the Figure 1 below. eNB allocates resources locating in SFN#1 to UE. UE transmits during DFN#1. Because of the misalignment between eNB synchronization and GNSS synchronization, there might be an overlap T1 between V2V transmission during DFN#1 and eNB UL during SFN#2. The V2V traffic from UE during T1 will lead to interference to UL during SFN#2 for a FDD system, and interference to both UL and DL for a TDD system, especially when the cyclic prefix is not enough to cope with GNSS and eNB timing misalignment.
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Figure 1 Sync misalignment between GNSS & eNB
Observation 1 Misalignment between GNSS synchronization and eNB synchronization may lead to V2V traffic interfering cellular UL and DL.

With the introduction of the DFN offset, it would be possible to shift the DFN computed by the UE, thereby compensating possible misalignment between eNB synchronization and GNSS synchronization and mitigating possible interference of V2V sidelink transmissions towards the UL/DL. For example, the eNB can set the DFN offset configuration such that the misalignment between the UTC timing (available at the eNB) and the eNB timing is smaller than the guard period. 
Observation 2 The DFN offset can be used to compensate possible misalignment between GNSS and eNB synchronization in order to alleviate interference of sidelink transmissions towards the UL/DL within the cell.
2.2 Configuration
Regarding how to configure the DFN offset, several alternatives can be considered:
1. Preconfigured (e.g. per PLMN, or per carrier)

2. Configured (e.g. per cell, or per resource pool, or per UE) 
We first note that the configuration of a DFN offset is mainly targeting synchronized network since in unsynchronized networks the use of different DFN offsets in different cells might compromise the performance of inter-cell V2V communications.

Observation 3 The use of DNF offset is mainly targeting synchronized network.
Therefore, pre-configuring the DFN offset per PLMN might not be a good choice because different PLMNs are typically not synchronized and this would impair the performances of inter-PLMN sidelink communication. Similarly, also pre-configuring a proper DFN offset value per carrier might not be an easy task because different eNB operating in same carrier might require a different value of DFN offset to minimize the interference towards UL/DL. 

Observation 4 Pre-configuration of the DFN offset is not required since the main objective of the DFN offset is to minimize the interference of the sidelink towards UL/DL.

As such, in our opinion the DFN offset should be configured by the eNB.

The configuration can per UE, i.e. different UEs can have different offset. However, this may lead to the side effect that UEs with significantly different DFN offset will not be able to communicated each other using GNSS. Even though one can assume that UEs close to each other would be assigned approximately with the same DFN offset by the eNB, this option does not seem to be the preferred one.
Further alternatives are to configure the offset per cell, i.e. all UEs within the cell will share same offset or per resource pool, i.e. for those resource pools configured with GNSS type of synchronization also the DFN offset to be applied is signalling.
In our understanding, configuring the DFN offset per resource pool has the merit to allow for different DFN offset configuration for different zones. Since RAN2 has agreed that one zone will be associated to one resource pool, the eNB would have the possibility to configure different DFN offsets for different zones depending on the distance from the eNB. Assuming that neighbouring zones will have similar DFN offset, this inter-zone sidelink communications should not be affected. 
Observation 5 If DNF offset is configured per resource pool, it would be possible to configure different DFN offsets for different zones, thereby accounting for possible different misalignment between GNSS and eNB timing for zones at different distances from the eNB.
Proposal 1 The DFN offset is configured within the cell per resource pool. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
Misalignment between GNSS synchronization and eNB synchronization may lead to V2V traffic interfering cellular UL and DL.
Observation 2
The DFN offset can be used to compensate possible misalignment between GNSS and eNB synchronization in order to alleviate interference of sidelink transmissions towards the UL/DL within the cell.
Observation 3
The use of DNF offset is mainly targeting synchronized network.
Observation 4
Pre-configuration of the DFN offset is not required since the main objective of the DFN offset is to minimize the interference of the sidelink towards UL/DL.
Observation 5
If DNF offset is configured per resource pool, it would be possible to configure different DFN offsets for different zones, thereby accounting for possible different misalignment between GNSS and eNB timing for zones at different distances from the eNB.


Based on the discussion in section 2 we propose the following:
Proposal 1
The DFN offset is configured within the cell per resource pool.
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