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1 Introduction
In RAN1 #83 meeting, the following agreements are made [1]: 
Agreements:
SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 

· UE capability of SLSS transmission will be discussed later.
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.

· FFS number and location of PSBCH DM RS
· FFS PSSS root index, SLSS ID
· Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.

· FFS PSBCH contents
· “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.”

· RAN1 needs to study the impact of this existing agreement on Uu operation.
Agreements:
The following sync procedure should be supported:
· Priority of synchronization source includes at least transmission timing reference.

· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions

· SLSS transmitted from out-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is differentiated from SLSS_net with in coverage indicator 1
Synchronization source priority

Agreements:
· At least reuse priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon

· FFS: any new priorities can be defined if benefits are shown

· FFS: Definition of SLSS_net, SLSS_oon
· FFS: GNSS or GNSS equivalent priority
· Working assumption: Priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of SLSS_net with in coverage indicator 1

· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB

· FFS: whether the configured SLSS uses the same configuration as Rel-12 D2D SLSS or not
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1

· FFS: Periodicity of synchronization resource
· FFS: Criteria to select between signals received with the same priority (e.g., up to UE implementation)
In this contribution, enhancements to synchronization related mechanism are discussed.
2 The number and location of PSBCH DM RS
In RAN1 #83 meeting, 4 options for DMRS location of data subframe for normal CP are provided: 
· Option 1: #2, #5, #8, #11
· Option 2: #1, #5, #8, #12
· Option 3: #2, #4, #9, #11
· Option 4: #3, #6, #7, #10
Only option 4 can be used in order to keep the continuous transmission of PSSS and SSSS to introduce the DMRS enhancement in the D2DSS subframe, as shown in figure 1.
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Figure 1: Synchronization subframe uses the same DMRS design as data subframe
Otherwise, synchronization subframe has to be independent DMRS design to that in data subframe. Then, more option of DMRS can be considered. Some designs of the number and location of PSBCH DMRS are analyzed as follows. Further analyses based on the simulation are given.
· The number of PSBCH DMRS is 3
For normal CP with 15 kHz subcarrier spacing, as shown in figure 2, five options of PSBCH DMRS location are selected for evaluation:
· Option 1：#3, #6, #9
· Option 2：#4, #7, #10

The above two options are regular spacing.
· Option 3：#4, #7, #9

Frequency offset estimation first using {#7, #9}
· Option 4：#4, #6, #9

Frequency offset estimation first using {#4, #6}
· Option 5：#5, #7, #9

Frequency offset estimation first using {#5, #7} and {#7, #9}
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Option 1
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Option 2
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Option 3
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Option 4
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Option 5
Figure 2: The number of PSBCH DMRS is 3 for normal CP
Link level simulation is done for comparison. The detailed simulation parameters are listed in the Appendix. The above five options are given with simulation results in figure 3. It can be seen that option 1 has the best the performance, option 2, 3 and 4 has the similar performance and option 5 has the worst performance. For 3 DMRS, option 1 is preferred.
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Figure 3: Simulation results of the five different options for 3 PSBCH DMRS for normal CP
For extended CP with 15 kHz subcarrier spacing, as shown in figure 4, two options of PSBCH DMRS location are for evaluation:
· Option 1：#3, #5, #7
· Option 2：#2, #5, #8
Both are regular spacing.
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Option 2
Figure 4: The number of PSBCH DMRS is 3 for extended CP
The simulation results of the above two options are shown in figure 5. It can be seen that option 1 is slightly better than option 2. 
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Figure 5: Simulation results of the two different options for 3 PSBCH DMRS for extended CP
· The number of PSBCH DMRS is 4
For normal CP with 15 kHz subcarrier spacing, as shown in figure 6, two options of PSBCH DMRS location are for evaluation:
· Option 1：#3, #5, #7, #9
· Option 2：#4, #6, #8, #10
Both are regular spacing.
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Option 1
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Option 2
Figure 6: The number of PSBCH DMRS is 4 for normal CP
The simulation results of the above two options are shown in figure 7. It can be seen that option 1 is slightly better than option 2.
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Figure 7: Simulation results of the two different options for 4 PSBCH DMRS for normal CP
For extended CP with 15 kHz subcarrier spacing, as shown in figure 8, four options of PSBCH DMRS location are for evaluation:
· Option 1：#2, #4, #6, #8
This is for regular spacing.
· Option 2：#2, #4, #5, #8

Frequency offset estimation first using {#4, #5}
· Option 3：#2, #5, #6, #8
· Option 4：#3, #5, #6, #8

Frequency offset estimation first using {#5, #6}
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Option 1
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Option 2
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Option 3
[image: image17.png]"

10

oF

ssss

558

sssd

sssd





Option 4
Figure 8: The number of PSBCH DMRS is 4 for extended CP
The simulation results of the above four options are shown in figure 8. It can be seen that option 1 archive better performance. Options 2, 3 and 4 have the similar performance. 
[image: image18.png]BLER

10

10

CFO=0.1pprm 4 DMRS 280km/h Extended CP

optiont
option2
option3

optiond

Eil




Figure 8: Simulation results of the four different options for 4 PSBCH DMRS for extended CP
As for normal CP, figure 3 and figure 7 can be compared together. It can be seen that the performance of option 1 of 3 DMRS and 4 DMRS is close. Considering that more DMRS numbers occupy more PSBCH symbols, code rate of PSBCH is more impacted by 4DMRS. We suggest that the number of PSBCH DMRS is 3 and the location is #3, #6, and #9 for normal CP. 

For extended CP in figure 5 and figure 8, Option 1 of both figures shows close performance. It is recommended to use location is #3, #5, and #7 for extended CP.
Proposal 1: Considering all the evaluated performance metrics, we suggest that the number of PSBCH DMRS is 3 and the location is #3, #6, and #9 for normal CP. The location is #3, #5, and #7 for extended CP.
3 PSSS root index, SLSS ID
In Rel-12/13 D2D, new root indices for PSSS are introduced to differentiate the PSSS from PSS. Especially in TDD system, synchronization signals of the cellular will interfere with the D2D synchronization signals. This taken into account on CM/PAPR, signal properties to frequency offsets of PSSS for different root indices and cross-correlation with the PSS. It uses 26 for D2DSSue_net and 37 for D2DSSue_oon. 
In Rel-12/13 D2D, SSSS use the same sequence as SSS. The range of SLSS ID is {0-335}, with {0-167} for D2DSSue_net and {168-335} for D2DSSue_oon.
For V2X, if PC5 link operates on 2 GHz, in order to avoid confusion, it is necessary to differentiate V2X-PSS and PSSS/PSS. If PC5 link operates on 6 GHz, the root indices for PSSS can be reused. However, a uniform scheme is preferred.
If V2X-PSS sequence still use the length-62 PSS sequence, i.e. 
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, then the root indices should be relatively prime to 63 are considered. The specific values are in table 1 in which except {25, 29, 34} for PSS (marked as yellow) and {26, 37} for PSSS (marked as green). Remaining 30 root indices are considered.
Table 1: available values for root indices
	1
	2
	4
	5
	8
	10
	11
	13
	16
	17
	19
	20

	22
	23
	25
	26
	29
	31
	32
	34
	37
	38
	40
	41

	43
	44
	46
	47
	50
	52
	53
	55
	58
	59
	61
	62


Several principles are taken into account to select appropriate root indices for V2X-PSS:
1. Root indices which the sum equal to 63 and are as close as possible: {31, 32}, {23, 40}, {22, 41}, {20, 43}, {19, 44}, {17, 46}.
2. Lower CM/PAPR:
The CM of different root indices simulation results are listed in table 2.

Table 2: CM of different sequence root indices
	Root indices pairs
	OFDM

CM[dB]

	{31, 32}
	0.0796

	{23, 40}
	0.9303

	{22, 41}
	1.4140

	{20, 43}
	1.7107

	{19, 44}
	0.9359

	{17, 46}
	2.1998


3. Root indices with robustness against frequency offset:
For V2X high speed feature, sequences should have good signal properties subject to frequency offset. 

The signal properties subject to frequency offset of different root indices are simulated in [1]. It can be seen that {31, 32} and {20, 43} have poor properties to against frequency offset which are also not suitable for V2X. {19, 44} and {17, 46} have good properties to against frequency offset. {22, 41} is slightly better than {23, 40}.

We suggest that {23, 40} or {22, 41} is used for V2X-PSS.
Proposal 2: Root indices should be introduced for V2X-PSS.{23, 40} or {22, 41} 
Further, in order to distinguish the synchronization signal is come from GNSS or from other in-coverage or out-of -coverage vehicle UEs. One more root index is considered to be introduced. For example, {20, 23, 40}, in which u=20 for GNSS, u=23 for in-coverage vehicle UEs and u=40 for out-of-coverage vehicle UEs.

As for the range of SLSS ID, it is related to the number of root indices. If 2 root indices are used for V2X-PSS, the range of SLSS ID is {0-335}. If 3 root indices are used for V2X-PSS, the range of SLSS ID is {0-503}.
Proposal 3: One more root index is introduced to distinguish synchronization sources propagating GNSS timing from other synchronization sources.
4 PSBCH contents
In R12/13 D2D, PSBCH contents include：
· DFN：14 bits = 10 bits + 4 bits offset
· TDD UL-DL configuration：3 bits
· In case of FDD, this field is set to 000, purely for the purpose of decoding of PD2DSCH and does not imply any other UE behavior
· The UE is assumed to know a priori the duplex mode of the carrier
· In-coverage indicator: 1 bit. 1 denotes in-coverage UE, 0 denotes out-of-coverage UE.
· Sidelink system bandwidth: 3 bits
· Reserved field: 20 bits set to a SIB-signaled or preconfigured value in Rel-12
One bit or more division of SLSS by group ID needs to be added in PSBCH to indicate the priority of eNB-based synchronization or GNSS or GNSS-equivalent [3][4][5]. In addition to distinguish in coverage and out of coverage synchronization sources, V2X UE need to distinguish direct GNSS synchronization sources and indirect GNSS synchronization sources which is relayed by UEs which has direct GNSS timing. So we suggest using two bits in PBSCH to indicate synchronization types. “00” denotes synchronization sources which can be in coverage or out of coverage with direct GNSS timing, “01” denotes in coverage synchronization sources with indirect GNSS timing, “10” denotes in coverage synchronization sources with eNB timing and “11” denotes out of coverage synchronization sources with eNB timing.
Proposal 4: Extend In-coverage indicator to Two bits in PSBCH to indicate 4 different types of synchronization sources: in coverage or out of coverage UE with direct GNSS timing, out of coverage UE with indirect GNSS timing, in coverage UE with eNB timing, and out of coverage UE with eNB timing.
5 Sync source priority
About sync source priority, the problem need to be further studied mainly focus on the following points:
1. FFS: Definition of SLSS_net, SLSS_oon：
It is necessary to distinguish between SLSS_net and SLSS_oon. Its benefit for the receiver UEs to sort sync source based on priority and finally choose the best one. Link D2D, different root indices are allocated for SLSS_net and SLSS_oon. 
2. FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB
If all the in coverage UE transmits synchronization signals, not only a lot of resource wasting will produce but also some time-frequency offset must exist between UEs which will influence synchronization signal receiving. So we suggest that all in coverage UE whether synchronize to GNSS or eNB must be send SLSS under the control of eNB.
3. FFS: Criteria to select between signals received with the same priority
The most simple and reasonable way is to select the strongest signal among several sync sources.

4. FFS: any new priorities can be defined if benefits are shown
As regard to the priority of sync sources, it can seen from figure 10 that in or out coverage UE direct acquiring timing from GNSS has the highest priority and out of coverage UE acquiring indirect GNSS timing relayed by in coverage UE has the secondly priority. Next, like R12/R13 D2D, the priority of in coverage UE with eNB/RSU timing is higher than out of coverage UE with eNB/RSU timing.
Priority order of sync sources should be defined based 4 different types of sync resources indicated by the 2 bits in PSBCH discussed above. The following diagram can be considered as the procedure of prioritization. 
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Figure 10: priority of sync sources
Proposal 5: New synchronization prioritization should be used for determining sync source. It is shown in figure 10.
6 Conclusions
In this paper V2V synchronization enhancement based on R12/13 D2D synchronization scheme is discussed. We suggest the following: 
Proposal 1: Considering all the evaluated performance metrics, we suggest that the number of PSBCH DMRS is 3 and the location is #3, #6, and #9 for normal CP. The location is #3, #5, and #7 for extended CP.

Proposal 2: Root indices should be introduced for V2X-PSS.{23, 40} or {22, 41} 
Proposal 3: One more root index is introduced to distinguish synchronization sources propagating GNSS timing from other synchronization sources.
Proposal 4: Extend In-coverage indicator to Two bits in PSBCH to indicate 4 different types of synchronization sources: in coverage or out of coverage UE with direct GNSS timing, out of coverage UE with indirect GNSS timing, in coverage UE with eNB timing, and out of coverage UE with eNB timing.
Proposal 5: New synchronization prioritization should be used for determining sync source. It is shown in figure 10.
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Appendix
Level simulation parameters
	carrier frequency
	6GHz

	System bandwidth
	10MHz

	UE relative speed
	280km/h

	CFO
	0.1ppm

	Channel model
	UMI LOS

	Modulation
	QPSK

	Code rate
	1/3

	PRB number
	6

	Antenna configuration
	1TX 2RX

	Channel estimation
	LMMSE
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