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1 Introduction
In RAN1 #82bis meeting, the following agreements are made [1]: 
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

In this contribution priority order of synchronization sources in different scenarios and enhancement on synchronization mechanism are discussed.
2 Priority of synchronization sources
It can be seen from the above agreements that priority of synchronization source is depending on application scenarios. It has been agreed that when vehicle UE has available GNSS and in the case of out of network coverage scenario, GNSS is at the highest priority of synchronization source. In addition, in the case of inside network coverage scenario when Uu link and PC5 link are at the same carrier, eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS. However, priority of synchronization source for other cases is still FFS and the following will describe priority of synchronization source in three different cases in details.

· Case 1：out of network coverage scenario and GNSS is not available 
There are some exceptional situations where neither eNB nor GNSS is available such as tunnel, underground and possibly urban canyon. In addition, out of network coverage scenario also include that an eNB exists but it cannot support V2X transmission or a RSU exists. If a RSU with GNSS timing is not available, synchronization can only be derived from another vehicle UE. This case is the same as D2D out of network coverage scenario and Rel-13 SLSS/PSBCH design is used as the baseline for the V2V link. 
Proposal 1: Rel-13 SLSS/PSBCH based synchronization should be supported in the V2X. 
In this case we suggest that priority order of other synchronization sources should be the same as D2D out of coverage scenario, e.g.: RSU with GNSS timing > UE with GNSS timing > in coverage UE > out of coverage UE synchronization to in coverage UE > Based on UE’s own internal clock timing
Proposal 2: when neither eNB nor GNSS is available, the priority order of other synchronization sources should be: RSU with GNSS timing > UE with GNSS timing > in coverage UE > out of coverage UE synchronization to in coverage UE > Based on UE’s own internal clock timing
· Case 2: Asynchronous network case
In such case, transmission timing between vehicle UEs which are under the coverage of different eNB/RSU is different.  We suggest that vehicle UEs’s timing is instructed by eNB of asynchronous network. The specific scheduling principles are as follows:
1) If V2X uses 6G dedicated frequency band and GNSS is available, eNB/RSU will instruct vehicle UE to prioritize GNSS timing. So vehicle UEs has to maintain two set of timings, i.e. eNB/RSU timing and GNSS timing. If GNSS is not available, eNB/RSU will give vehicle UEs eNB/RSU-based transmission timing. Meanwhile vehicle UEs should periodically monitor the timing of the neighboring cells and maintain multiple receiving timing which can be derived directly from the synchronization signal transmitted by neighboring eNB/RSU or from the synchronization signal retransmitted by neighboring cell edge UEs.
2) If V2X uses the same 2G frequency band as eNB, eNB will instruct vehicle UE to prioritize eNB-based transmission timing. Meanwhile vehicle UEs periodically monitors the timing of the neighboring cells. So vehicle UEs maintain multiple receiving timing which can be derived directly from the synchronization signal transmitted by neighboring eNB or from the synchronization signal retransmitted by neighboring cell edge UEs.
In conclusion, if V2X uses 6G dedicated frequency band, priority order of synchronization sources in this case should be: GNSS > eNB-based timing > RSU-based timing. If V2X uses 2G frequency band, vehicle UEs uses the eNB/RSU-based transmission timing and maintain multiple receiving timing of the neighboring cells.
Proposal 3: In the case of asynchronous network, in coverage vehicle UEs’s timing is determined:
If V2X uses 6G dedicated frequency band, priority order of synchronization sources in this case should be: GNSS > eNB-based timing > RSU-based timing.
If V2X uses 2G frequency band, vehicle UEs uses the eNB/RSU-based transmission timing and maintains multiple receiving timing of the neighboring cells.
· Case 3: Multi-carrier case
In RAN1#82 the following agreement was made on the operating scenarios for V2X [2]:
· (Aspect 3) Multi-carrier operation

· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers.

· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation
· Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 
· Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits only on the carrier allocated to the operator which it belongs to.
· FFS: Case 4D: No operator operation
The above agreement also highlights that all scenarios and combinations should be considered in scope of the study item, 3 combinations of multicarrier operations can be derived. 
1. case 3A + case 4B: Vehicle UEs subscribed to different operators may transmit on the same PC5 carrier, i.e. Uu link is multi-carrier operation and PC5 link is signal carrier operation.
Synchronization scheme in this scenario is similar to synchronization between UEs belong to different cells. The timing of vehicle UEs subscribed to different operators may be instructed by eNB/RSU. If GNSS is available, GNSS is at the highest priority of synchronization source. If GNSS is not available, eNB will instruct vehicle UEs to use eNB-based synchronization timing. Meanwhile, vehicle UEs need to periodically monitor the synchronization signal retransmitted by other UEs and maintain multiple receiving timing. The priority order of synchronization sources in this case should be: GNSS > in coverage UE.
2. case 3B + case 4A: Vehicle UEs subscribed to a signal operator operation may transmit across multiple PC5 carriers, i.e. Uu link is signal carrier operation and PC5 link is multi-carrier operation.
In such case, eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS. Different PC5 carriers use the same timing.
3. case 3B + case 4C: Vehicle UEs subscribed to different operators may transmit on across multiple PC5 carriers, i.e. Uu link and PC5 link is multi-carrier operation.
Synchronization can be same as that for combination 1.
Proposal 4: in multi-carrier case, eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS. If GNSS is not available, vehicle UEs should maintain multiple receiving timing. 
3 Synchronization signal Enhancement
When neither eNB nor GNSS is available, D2D outside of coverage synchronization scheme is reused for V2X, i.e. based on SLSS and PSBCH. Considering the requirement of V2X, some enhancements as follows need to be considered based on Rel-13 SLSS/PSBCH.
· The symbol location of PSSS/SSSS and PSBCH
In R12/13 D2D, the symbol location of PSSS/SSSS and PSBCH is showed in fig.1. It can be seen from fig.1 that if DMRS enhancement is not jointly considered with synchronization signals, the symbol location of PSSS/SSSS and PSBCH may be heavily affected by the location of the DMRS.
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(a) Normal CP
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(b) Extended CP
Fig.1. the symbol location of PSSS/SSSS and PSBCH in R12/13 D2D
For one DMRS enhancement scheme, i.e. more OFDM symbols are occupied by DMRS within a subframe, DMRS enhancement for V2X will occupy the symbol location of PSSS/SSSS and/or PSBCH. For example, if DMRS is transmitted on OFDM symbol #2, #5, #8 and #11[3], then symbol #2 occupies PSSS, symbol #5 and #8 occupy PSBCH and symbol #11 occupies SSSS. The obvious solution is shown in fig.2, i.e. OFDM symbol #3 and #10 which originally used for DMRS transmission now changes to transmit PSSS and SSSS respectively. However this solution will cause discontinuous transmission of PSSS and SSSS which may degrade the performance of synchronization signals. 
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Fig.2 DMRS enhancement without considering the symbol location of PSSS/SSSS
Another DMRS enhancement scheme, i.e. mapping DMRS to all OFDM symbols with every nth subcarrier (e.g., every 6th) [5], may bring even larger impact to synchronization signal. For synchronous signal located in the central 6 PRBs, there are 12 subcarriers are occupied by DMRS. Therefore it is not able to send complete synchronization sequence.
Considering that fact that DMRSs in synchronization subframe mainly take the role of PSBCH demodulation, more DMRS symbols can be inserted within OFDM symbols which are occupied by PSBCH. This ensure PSSS and SSSS are not affected by DMRS enhancement. As shown in fig. 3, OFDM symbol #4, #7 and #10 for normal CP and OFDM symbol #3, #5 and #7 for extended CP are used to transmit DMRS. PSBCH is mapped to the central 6 PRBs in all symbols in the subframe except PSSS and SSSS symbols, DMRS symbols and the last symbols.
[image: image4.png]13

12

1

10

oF

ssss

ssss

RS

Hogsd

Hogsd

RS

Hogsd

Hogsd

MRS

Hogsd

sssd

sssd

Hogsd





(a) Normal CP

[image: image5.png]1

10

[

ssss

ssss

Hodsd

DMRS

Hodsd

MRS

Hoasd

MRS

Ho8Sd

sssd

sssd





(b) Extended CP

Fig. 3 DMRS enhancement considering continuous transmission of PSSS/SSSS
Base on the above discussion we suggest that DMRS symbols which are used to demodulate PSBCH should not affect the cyclically continuous transmission of PSSS/SSSS. Or, DMRS enhancement for synchronization is independent with DMRS enhancement for data subframe, such as fig.3. 
Proposal 5: When synchronization subframe has the same DMRS design with data subframe, DMRS enhancement scheme should not affect the cyclically continuous transmission of PSSS/SSSS. Or, DMRS enhancement for synchronization subframe is independent with DMRS enhancement for data subframe.
· Number of symbols for PSSS/SSSS
In R12/13 D2D, two consecutive symbols are used for PSSS/SSSS transmission mainly because that the using two symbols can achieve higher accuracy of timing synchronization as well as more effective frequency offset estimation. For V2V high speed scenarios, two symbols may not guarantee the receive performance of synchronization signal. So some simulation should be taken to see if it is necessary to increase the number of symbols for PSSS/SSSS.
Proposal 6: Whether to increase the number of symbols for PSSS/SSSS in V2V should be evaluated. 
· PSBCH contents
The difference among GNSS, in coverage and out of coverage timing should be reflected in PSBCH. Detailed operations need to be studied further.

· Synchronization period
In R12/13 D2D, a communication UE with SA/data transmission will transmit one PSSS/SSSS and PSBCH every 40ms. While a discovery UE has two modes: one is the same as the communication UE which transmits PSSS/SSSS every 40ms, the other is transmitting PSSS/SSSS in the first subframe of the discovery pool if this subframe is in the PSSS/SSSS resource, or in the latest subframe of the PSSS/SSSS resource before the start of the discovery pool.
However for V2V, there is no need to differentiate communication UE and discovery UE. So we suggest using a uniform synchronization period. Furthermore, considering that low latency requirement should be achieved for V2V, a shorter synchronization period can be used, such as 10ms or 20ms. 

Proposal 7: Considering low latency requirement for V2V, vehicle which has data to transmit should send one PSSS/SSSS and PSBCH every 10ms or 20ms.
Such SLSS transmissions should be differentiated from those following Rel-13 procedure by using different resource, SLSS ID, and/or. Detailed operations need to be studied further. 
4 Conclusions
In this paper UE-to-UE time and frequency synchronization enhancement based on R12/13 D2D synchronization is discussed. We suggest the following: 
Proposal 1: Rel-13 SLSS/PSBCH based synchronization should be supported in the V2X. 
Proposal 2: When neither eNB nor GNSS is available, the priority order of other synchronization sources should be: RSU with GNSS timing > UE with GNSS timing > in coverage UE > out of coverage UE synchronization to in coverage UE > Based on UE’s own internal clock timing
Proposal 3: In the case of asynchronous network, in coverage vehicle UEs’s timing is determined:

If V2X uses 6G dedicated frequency band, priority order of synchronization sources in this case should be: GNSS > eNB-based timing > RSU-based timing.
If V2X uses 2G frequency band, vehicle UEs uses the eNB/RSU-based transmission timing and maintains multiple receiving timing of the neighboring cells.
Proposal 4: in multi-carrier case, eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS. If GNSS is not available, vehicle UEs should maintain multiple receiving timing. 
Proposal 5：When synchronization subframe has the same DMRS design with data subframe, DMRS enhancement scheme should not affect the cyclically continuous transmission of PSSS/SSSS. Or, DMRS enhancement for synchronization subframe is independent to DMRS enhancement for data subframe.
 Proposal 6: Whether to increase the number of symbols for PSSS/SSSS in V2V should be evaluated. 
Proposal 7: Considering low latency demand for V2V, the periodicity of PSSS/SSSS and PSBCH should be reduced to 10ms or 20ms.
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