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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1 #83 meeting [1], synchronization for V2X was discussed. The following agreements were reached: 
SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.
· [...]
· Rel. 12/13 synchronization procedure (e.g., synchronization reference priority) is the starting point.
· FFS PSBCH contents
[bookmark: OLE_LINK11]At RAN1 #84 meeting [2], further progress was made: 
· For PSBCH, reuse the same reference signal type that will be agreed for PSSCH and PSCCH
· DMRS density for PSBCH is FFS between 2 and 3 symbols per 1 ms.
· PSSS/SSSS location is not changed.
· Synchronization resource period for this new PSBCH format/synchronization signal is X(FFS) ms.
· Companies are encouraged to investigate the PSBCH periodicity from 40 ~ 640.
· No new synchronization signal sequence is defined in V2V 
In this contribution, we continue to discuss SLSS and PSBCH design for PC5 based V2V. Our related companion contributions include: synchronization priority and timing [3], DMRS for PSBCH [6] and network protection from out of coverage UEs [4].
[bookmark: _Ref445216675]Discussion on the safety-ITS and non safety-ITS differentiation
From the RAN1#84bis meeting, there are proposals to distinguish the safety-ITS and non safety-ITS traffic by SL SS [9]. There are some benefits in differentiating these services so that non-safety services can be treated with lower priority. However, in our view, using one bit on the PSBCH to differentiate these services is easier: it does not require attempting to look at two different sequences, thus is slightly simpler. Furthermore, this may provide more reliability, especially at high speeds.
Observation 1: PSBCH is more suitable than SLSS to differentiate the safety-ITS and non safety-ITS for PC5-based V2V. 
Differentiation between V2V and D2D PC5 synchronization
If the V2V and D2D traffic occur on the same carrier, differentiation between V2V and D2D traffic is needed. One way is to use different resource pools for V2V and D2D. However, for synchronization, the problem is a little bit more difficult:
· For the out-of-coverage (OOC) case, the timing for most V2V UEs will be based on GNSS whereas the D2D UEs can have multiple different timing sources. When a vehicle UE loses GNSS timing, it should synchronize to a GNSS-based SLSS. If there is a D2D SLSS transmission near this vehicle, it may synchronize to the D2D SLSS and not have the right timing 
· For the in-coverage case, the eNB may configure the vehicle UEs to use the GNSS as a synchronization source. If the GNSS signal is too weak, the vehicle should synchronize to GNSS-based SLSS, which can have a different timing than a D2D UE.
· For D2D discovery, when the SLSS is transmitted, there is no PSBCH transmission. Hence we cannot use PSBCH to distinguish D2D and V2V synchronization. 
Observation 2: differentiation between V2V and D2D PC5 during synchronization is necessary. The PSBCH cannot be used to distinguish them.
To differentiate D2D and V2V synchronization sources, both SLSS and PSBCH can be used. For PSBCH, differences in the V2V PC5 PSBCH, for example the number of DMRS symbols, can be used to identify the source. However, a preferable approach is to use the SLSS since it is faster and less complex: when the SNR is low, the detection of multiple SLSS is needed before the PSBCH detection. If PSBCH is used to differentiate between V2V and D2D, this will occur after SLSS detection, hence additional delays.
Observation 3: for the differentiation between V2V and D2D PC5 synchronization, the use of SLSS is suitable
We give two possible options to differentiate the D2D SLSS and V2V SLSS. 
Option 1: switch SSSS frequency domain mapping location
[bookmark: _Ref446346385][bookmark: _Ref446346362]
Figure 1: switch SSSS frequency domain mapping location
As shown in Figure 1, with option 1, we can change the SSSS frequency mapping for V2V PC5. The SSSS is mapped as follows:


Option 2: use LTE subframe 5 SS as V2V PC5 SSSS
This option uses LTE subframe 5 SS as the PC5 V2V SSSS. LTE subframe 5 SS is as following:


The V2V PC5 SSSS would be the following:






For both options, the set of SLSSIDs for V2V should be the same as for D2D, since a D2D SSSS and a V2V PC5 SSSS are different, even if the same SLSS ID is used to generate them. Therefore, if the V2V PC5 SSSS ID is defined by , the two sequences  shall be generated with  and .
Proposal 1: Select one of the two following options to differentiate the V2V SLSS and D2D SLSS:
· Option 1: switch SSSS frequency domain mapping location. For V2V PC5, the SSSS is mapped as:
· 

· Option 2: take the LTE subframe 5 SS as V2V SSSS. For V2V PC5, the SSSS is mapped as:
· 




where the two sequences  are generated with  and .
Discussion on V2V PC5 SLSS/PSBCH transmission
Discussion on the V2V PC5 PSBCH periodicity
The D2D PSBCH periodicity is fixed to 40ms. Because the subframe cannot be used by the other sidelink channels, the overhead is about 2.5% which is relatively high. It is desirable to reduce this overhead since the UE may have to obtain several PSBCHs. However, increasing the period for PSBCH also increases the detection time. In addition, since the minimum V2V message periodicity is 100ms, the detection time and stability time for PSBCH should be comparable to this value. Aligning the V2V SLSS resource to V2V traffic periodicity is also desirable.
[image: ]
Figure 2: the PSBCH detected performance for {40, 200, 640}ms periodicity
In Figure 2, we present some link level simulation results. The simulation assumptions are given in [7]. We use 3 DMRS symbols (#3, #6, #10). From the simulation results, after two periods, the PSBCH detection performance can satisfy the 99% detection probability requirement. If the PSBCH periodicity is 640ms, in some cases, 1280ms will be needed obtain acceptable PSBCH detection performance. Considering the 100ms V2V traffic periodicity and 40ms D2D synchronization period, we suggest using 80ms or 200ms as PSBCH periodicity. For 200ms periodicity, the synchronization overhead is about 0.5% and the impact on the PSBCH detection performance is acceptable. 
Proposal 2: The PSBCH periodicity is 200ms
If we want further to reduce the system overhead from synchronization subframe. We can consider using the synchronization subframe resource for data transmission. Since most vehicles UE will synchronize to GNSS, at least this kind of UE can use the synchronization subframe resources because they does not need to detect SLSS.
Proposal 3: to further reduce synchronization overhead, consider using the synchronization subframe for data transmission when the GNSS is the synchronization source.
Discussion on the V2V PC5 synchronization resource

[bookmark: _Ref446346574]Figure 3: the V2V SLSS/PSBCH periodicity and resource
To keep the SLSS detection performance and not to increase the additional system overhead, the V2V SLSS subframes should be aligned with the D2D SLSS subframes, as shown in Figure 3. There are two benefits:
· No increase in the system overhead. As shown in Figure 3, if D2D synchronization subframes and V2V synchronization subframes are located in different subframes, more synchronization resources will be needed. If the V2V periodicity is the same as D2D, then the system overhead will double. 
· Reducing the interference between V2V SLSS and D2D data. If the V2V synchronization subframes are different than the D2D subframes, V2V synchronization subframes overlap with D2D data subframes. Interference will occur between D2D data and V2V SLSS. 
If the V2V and D2D do not coexist on the same carrier, a simple way is to keep the same design as D2D.
Proposal 4: The V2V transmits the synchronization signals on D2D synchronization subframes. 
· V2V specific SLSS is used to differentiate them.
Information needed on the V2V PC5
Information needed on the D2D PC5:
Table 1 lists the existing contents of the D2D PSBCH.
[bookmark: _Ref440631990]Table 1. Existing contents of D2D PC5 PSBCH
	Indication content
	Number of bits

	Sidelink system bandwidth
	3

	TDD UL-DL configuration
	3

	Vehicle frame number (VFN)
	14

	Direct subframe number
	

	In-coverage indicator
	1

	Reserved bits
	19

	Total
	40 bits


Since the shared carrier (case 5B) has been agreed to support for V2V PC5, the information in Table 1 would also be needed for V2V PC5 communication. Hence all the existed fields in D2D PSBCH should be supported in V2V PSBCH. 
Proposal 5: the existing contents in the D2D PSBCH is kept for the V2V PSBCH to support the case 5B shared carrier.
Additional information indicated in V2V PC5:
The following information is necessary for the V2V PC5:
· If the timing comes from GNSS. We denote the in-GNSS indicator ‘inGNSS’. As discussed in [3], this information can be indicated by some reserved SLSS ID(s).  
· Whether eNB timing aligned to GNSS timing. This also discussed in [3], if the eNB is not aligned with GNSS then at least at case 5B (shared carrier), we need to protect the cellular traffic from out-of-coverage transmission. This information is better indicated in the PSBCH.
· Whether V2V operation is enabled. This bit will be used from the eNB to enable or disable the UE’s transmission in V2V PC5, especially for out-of-coverage UE [4]. We denote the transmission indicator as ‘inTx’. This information can be indicated in the PSBCH.
Proposal 6: the following additional information is needed for the V2V PC5 link:
· inGNSS: indicates if SLSS timing comes from GNSS
· indicated by reserved SLSS ID(s)
· Aligned: indicates if PC5 link uses the shared carrier(case 5A and case 5B)
· inTx: indicates if V2V operation is enabled
· both ‘Aligned’ and ‘inTx’ are indicated by PSBCH reserved bits.
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the SLSS and PSBCH design consideration for PC5 based V2V, and we have the following observations and conclusions: 
Observation 1: PSBCH is more suitable than SLSS to differentiate the safety-ITS and non safety-ITS for PC5-based V2V. 
Observation 2: differentiation between V2V and D2D PC5 during synchronization is necessary. The PSBCH cannot be used to distinguish them.
Observation 3: for the differentiation between V2V and D2D PC5 synchronization, the use of SLSS is suitable
Proposal 1: Select one of the two following options to differentiate the V2V SLSS and D2D SLSS:
· Option 1: switch SSSS frequency domain mapping location. For V2V PC5, the SSSS is mapped as:
· 

· Option 2: take the LTE subframe 5 SS as V2V SSSS. For V2V PC5, the SSSS is mapped as:
· 




where the two sequences  are generated with  and .
Proposal 2: The PSBCH periodicity is 200ms
Proposal 3: to further reduce synchronization overhead, consider using the synchronization subframe for data transmission when the GNSS is the synchronization source.
Proposal 4: The V2V transmits the synchronization signals on D2D synchronization subframes. 
· V2V specific SLSS is used to differentiate them.
Proposal 5: the existing contents in the D2D PSBCH is kept for the V2V PSBCH to support the case 5B shared carrier.
Proposal 6: the following additional information is needed for the V2V PC5 link:
· inGNSS: indicates if SLSS timing comes from GNSS
· indicated by reserved SLSS ID(s)
· Aligned: indicates if PC5 link uses the shared carrier(case 5A and case 5B)
· inTx: indicates if V2V operation is enabled
· both ‘Aligned’ and ‘inTx’ are indicated by PSBCH reserved bits.
References
[bookmark: _Ref440294565][bookmark: _Ref345171425][bookmark: _Ref350843677][bookmark: _Ref351104297][bookmark: _Ref354672140][bookmark: _Ref394565143][bookmark: _Ref398279322][bookmark: _Ref401844427][bookmark: _Ref415126044]Chairman notes, 3GPP RAN1 #83, Nov. 15 - 22, 2015.
[bookmark: _Ref445191355]Chairman notes, 3GPP RAN1 #84, Feb. 15 - 19, 2016.
[bookmark: _Ref440294770]R1-164101, “The remaining issues for V2V PC5 synchronization priority”, Huawei, HiSilicon, 3GPP RAN1 #85, May 23 - 27, 2016. 
[bookmark: _Ref447185045][bookmark: _Ref449617863][bookmark: _Ref440299620]R1-164112, “Network protection of out of coverage V2V UEs”, Huawei, HiSilicon, 3GPP RAN1 #85, May 23 - 27, 2016. 
Chairman notes, 3GPP RAN# 70, Dec. 7-10, 2015.
[bookmark: _Ref440300616]R1-164095, “DMRS for PSBCH”, Huawei, HiSilicon, 3GPP RAN1 #85, May 23 - 27, 2016.
[bookmark: _Ref447010737]Email discussion [84-17], “Summary of PSBCH evaluation assumptions and criterion for V2V”, Samsung.
[bookmark: _Ref447272690]R1-162639, “Synchronization priority and timing consideration for V2V”, Huawei, HiSilicon, 3GPP RAN1 #84bis, April 11 – 15, 2016.
[bookmark: _Ref449608803]R1-162829, “Distributed Synchronization Procedure for V2X over PC5”, Ericsson, 3GPP RAN1 #84bis, April 11 – 15, 2016.
[bookmark: _Ref449608811]R1-162814, “Coexistence approaches between different technologies for ITS services”, Ericsson, 3GPP RAN1 #84bis, April 11 – 15, 2016.

oleObject1.bin

image3.wmf
(

)

(

)

(

)

1

0

1

()

10

()

()

011

(2)()

(21)()

m

m

m

dnsncn

dnsncnzn

=

+=


oleObject2.bin

oleObject3.bin

image4.wmf
{

}

335

,...,

1

,

0

ID

Î

N


oleObject4.bin

image5.wmf
2

,

1

),

1

2

(

),

2

(

=

+

i

n

d

n

d


oleObject5.bin

image6.wmf
168

mod

ID

(1)

ID

N

N

=


oleObject6.bin

image7.wmf
ë

û

168

ID

(2)

ID

N

N

=


oleObject7.bin

oleObject8.bin

oleObject9.bin

image8.wmf
2

,

1

),

1

2

(

),

2

(

=

+

i

n

d

n

d


oleObject10.bin

image9.wmf
168

mod

ID

(1)

ID

N

N

=


oleObject11.bin

image10.wmf
ë

û

168

ID

(2)

ID

N

N

=


oleObject12.bin

image11.png
Detection Prob.

Performance of different PSBCH Periodicity

0.995

0,99}

0.985

0.975

— -~ 30kmph Tpgpcy=40ms

— -~ 30kMPh Tpgpc,=200ms

30kmph Ty, =640ms
— — 280kmph. Tpgpcy=40ms
— — 280Kkmph Tgp,=200ms

— — 280Kkmph Tgp,=640ms

0.97
0

L
T o ki
Sync Period

aT




image12.emf
 

D2D SLSS/

PSBCH:40ms

V2V SLSS/

PSBCH: 80ms

V2V SLSS/PSBCH: 

200ms

200ms

80ms

40ms


oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

image1.emf
 

P

S

S

S

P

S

S

S

D

M

R

S

D

M

R

S

D

M

R

S

S

S

S

S

S

S

S

S

(2) dn



(21) dn



SSSS for D2D PC5

P

S

S

S

P

S

S

S

D

M

R

S

D

M

R

S

D

M

R

S

S

S

S

S

S

S

S

S

(2) dn



(21) dn



SSSS for V2V PC5

 

0

()

00

()

m

sncn

 

0

()

00

()

m

sncn

   

0 1

() ()

111

()

m m

sncnzn

   

0 1

()

()

111

()

m

m

sncnzn


image2.wmf
(

)

(

)

(

)

0

1

0

()

()

111

()

00

(2)()

(21)()

m

m

m

dnsncnzn

dnsncn

=

+=


