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1 Introduction
In RAN1 #82 meeting, the following three synchronization schemes are mentioned 
· GNSS (Global Navigation Satellite System)[1][2][3]：At present most of the vehicles are equipped with navigation system, so GNSS can provide the fast and high accuracy synchronization for V2V.

· UTC [1][2][3]：In some scenarios, vehicles may lose satellite positioning and timing, e.g. through the urban canyons, tunnels, underground parking, and etc., UTC reference clock pre-configured by eNB or RSU is adopted. 
· UE-to-UE time and frequency synchronization [2]：In the absence of GNSS and vehicles are out of the network coverage, similar D2D synchronization scheme can be used.  
In most scenarios, GNSS can provide fast and more accurate synchronization for PC5-based V2V. When GNSS is not available while  eNB or RSU exists, synchronization for PC5-based V2V also can be easily realized by UTC timing. However, when GNSS and UTC are both unavailable, UE-to-UE time and frequency synchronization should be enhanced based on R12/13 D2D synchronization scheme. 

In this contribution UE-to-UE time and frequency synchronization enhancement based on R12/13 D2D synchronization is discussed. 
2 Synchronization signal Enhancement
2.1 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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(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) [3], 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.emf]0 1

2

3 4 5

6

P

S

B

C

H

P

S

S

S

P

S

S

S

P

S

B

C

H

DMRS

P

S

B

C

H

P

S

B

C

H

DMRS

P

S

B

C

H

P

S

B

C

H

DMRS

S

S

S

S

S

S

S

S

GP

7 8

9

10 11 12

13


(a) Normal CP


[image: image5.emf]0 1

2

3 4 5

6 7 9 10 11

P

S

S

S

P

S

S

S

DMRS

P

S

B

C

H

DMRS

P

S

B

C

H

DMRS

P

S

B

C

H

S

S

S

S

S

S

S

S

GP

8

P

S

B

C

H


(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 1：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.
2.2 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 2: Whether to increase the number of symbols for PSSS/SSSS in V2V is FFS.
2.3 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 3: Considering low latency requirement for V2V, vehicle which has data to transmit should send one PSSS/SSSS and PSBCH every 10ms or 20ms.
3 Synchronization procedure Enhancement
3.1 V2VSS transmission condition
In Rel-12 D2D, data transmission is an essential prerequisite for SLSS transmission of D2D UEs or signaling indication of eNB for communication UEs. For V2V, UEs can reuse the condition of SLSS transmission in the resource period in which periodic data is transmitted and V2VSS (V2V Synchronization Signal) can be transmitted periodically. While in those resource periods no periodic data transmission, V2VSS transmission need to be discussed further.

For some emergency scenarios, such as emergency brake, alert message transmission is triggered by emergency situation which may appear during a resource period without periodic data transmission. Both eNB and UEs cannot know the situation and transmit V2VSS in advance. So, proximate UEs may miss timing reference for receiving alert message. Furthermore, emergency message transmission is random, if UEs transmit V2VSS based on local clock, different UEs may be asynchronous. This also results in incorrect message reception for receiver UEs.

Considering the problem above, we suggest two optional schemes as follows.

Option 1: V2V UEs transmit V2VSS once every synchronization signal resource period.

Option 2: V2V UEs transmit V2VSS once in V2V resource period without periodic data transmission.

Option 1 can maintain receiving timing of periodic data and emergency message for receiver UEs. But for those UEs transmitting periodic data in a low frequent, it will affect power consumption.

In option 2, V2V UEs transmit V2VSS with cycle of synchronization signal resource period if periodic data is transmitted. The UE only transmit V2VSS once, e.g. in the first synchronization subframe, in V2V resource period without periodic data transmission to maintain timing for receiving UEs., ass is shown in Fig. 4.
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Fig. 4 one scheme of V2VSS transmission

Base on the tradeoff  receiving timing maintenance and UE transmitting power consumption, we have the following proposal:
Proposal 4：In V2V resource period without data transmission, V2V UEs transmit V2VSS once at least.
3.2Synchronization source selection/re-selection
In general, V2V UEs may receive multiple timing references from different synchronization source such as GNSS, eNB, UE, and RSU. So it is necessary to have priority order of different synchronization source type in order to avoid confusion..
For indoor scenario, it is possible that V2V UE can detect both GNSS and eNB synchronization. If UE choose synchronization based on GNSS, it could have differences with cellular network. In a shared band with LTE, v2v transmission could cause interference to cellular UL data transmission. Therefore, it is recommend that in this scenario eNB synchronization has higher priority. 

For outdoor scenario, GNSS should have higher priority. If no GNSS is detected, naturally the synchronization enhancement can be based on d2d out-of-coverage scenario. Note in v2v system RSU is possible. Therefore we discuss v2v UE synchronization selection (without GNSS) in two categories (with and without RSU)
· scenarios with RSU
For scenarios with RSU (Road Side Unit), if UEs synchronize to RSU first, a uniform timing reference would be attained in the area where RSU V2VSS can cover. Thereforefrequent adjustment of timing among different UEs can be avoid. With additional synchronization among different RSU, all UEs in a large area can achieve timing alignment.

Based on the description above, synchronization procedure of V2V UEs in scenarios with RSU can be summarized as follows. UEs get a uniform timing reference when they can detect V2VSS from RSU, and UEs out of RSU coverage can adjust timing shifting which arises from UE mobility by detecting V2VSS each other. An example is illustrated in Fig. 5.
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Fig. 5 an illustration of synchronization source selection for out of coverage with RSU
Out of RSU coverage UEs adjust timing shifting based on the rule that UEs align with the preceding timing reference. To be specific, if a UE detects V2VSS with timing reference ahead of itself, it will synchronize to that preceding timing reference. If a UE detects several different synchronization sources, it will select the timing with the maximal advanced time as synchronization reference.

This scheme has the benefit that UEs adjust timing in one direction only and avoid aligning back and forth. However, the shifting of timing may become larger and larger. So, UEs need to revise timing reference by RSU timely.

· scenarios without RSU
If no RSU and other synchronization sources exist, UEs may send V2VSS based on local clock. After running for some time, UEs may detect V2VSS with different timing from other proximal UEs. Moreover, they cannot judge the timing reference detected is preceding or behind strictly because of large offset.

As illustrated in Fig. 6, when a V2V UE, e. g. UE1 or UE 2, detect V2VSS from other UEs, it can acquire subframe index from V2V broadcast channel assuming that V2V broadcast channel is transmitted along with V2VSS just like PSBCH transmission in D2D. If the value of receiving subframe index is greater than that of local subframe index, the UE adjust timing to receiving timing reference. If the difference of received timing reference and timing reference is less than one subframe duration with same subframe index, the detecting UE will synchronize to preceding timing with the same rule in the case of with RSU.
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Fig. 6 an illustration of synchronization source selection for out of coverage without RSU
Proposal 5：For out of coverage, UEs synchronize to RSU with higher priority in the case of no GNSS.
Proposal 6：For out of coverage scenario, UEs should adjust timing reference in one direction when they select/re-select synchronization source.
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：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. 
 Proposal 2: Whether to increase the number of symbols for PSSS/SSSS in V2V depend on simulation evaluation. 
Proposal 3: Considering low latency demand for V2V, the periodicity of PSSS/SSSS and PSBCH should be reduced to 10ms or 20ms.
Proposal 4：In V2V resource period without data transmission, V2V UEs transmit V2VSS once at least.
Proposal 5：For out of coverage, UEs synchronize to RSU with higher priority in the case of no GNSS.
Proposal 6：For out of coverage scenario, UEs should adjust timing reference in one direction when they select/re-select synchronization source.
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