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1. Introduction

In RAN1#78 meeting, following agreements on D2D synchronization signal design was discussed [1].
- For PD2DSS,

▪ Sequence:

▫ New root indices

∙ FFS: Detailed root indices

▪ Waveform:

▫ SC-FDM without DFT-precoding

▪ Number of symbols in a subframe is 2

- For SD2DSS,

▪ Sequence:

▫ Same sequence as Rel-8 SSS

▪ Waveform:

▫ SC-FDM without DFT-precoding with reduced power with respect to PD2DSS

∙ FFS: how to specify reduced power mechanism for SD2DSS
▪ Number of symbols in a subframe is 2

- For reception, in-coverage UEs may need D2DSS from another in-coverage UEs for time/freq. synchronization in some inter-cell scenarios

- Within a subframe, D2DSS symbol location is fixed for a given CP length
In this contribution, we will discuss remaining details on D2D synchronization signal design based on above agreements.

2. Considerations on PD2DSS/SD2DSS design
PD2DSS ZC sequence
There are some problems by the exactly same sequence between PD2DSS and Rel-8 PSS. For example, legacy UEs always recognize synchronization source as an eNodeB even though it is not an eNodeB and obtain wrong synchronization. Furthermore, D2D UEs could not be identified whether the detected PD2DSS is transmitted from an eNodeB or from an UE.

In FDD, PD2DSS from an eNodeB will be transmitted on DL carrier frequency while the PD2DSS from an UE will be transmitted with UL carrier frequency. However, some solutions to distinguish PD2DSS from an eNodeB (which is Rel-8 PSS) and PD2DSS from an UE are needed to solve above problems in TDD.

Therefore, as agreed in RAN1#78 meeting, the different root indexes between PD2DSS from an eNodeB and PD2DSS from an UE could be used for D2D. PD2DSS from an eNodeB which is Rel-8 PSS uses one of current 3 root indexes (i.e. 25, 29, 34) while PD2DSS from an UE uses additionally specified root index. 
Furthermore, with considerations on usage of the rood indexes - indicate type of SS(synchronization source), identity of SS and/or stratum level, new root indexes for PD2DSS from an UE could be 3 values (= root index X, Y, Z) as 3 values of current root indexes for Rel-8 PSS (= root index 25, 29, 34).
[Equation 1]
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where u∈{1, 2, ..., NZC-1} is a root index of the sequence, NZC is a length of the sequence, m=0, 1, ..., NZC-1 and l is an integer value (l=0 for Rel-8 PSS).
For root indexes of Zadoff-Chu sequences defined by Equation 1, the Zadoff-Chu sequences can have good cross-correlation property if the root index satisfy following principles [2], i.e. the absolute value of cyclic cross-correlation function between any two Zadoff-Chu sequences having root index u1 and u2 respectively can be constant value (= 1/
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) if  
- gcd(u1, NZC)=1, gcd(u2, NZC)=1 and gcd(u1-u2 , NZC)=1 (NZC=63=32∙9, gcd: greatest common divisor)
Therefore, among 6 root indexes (= 25, 29, 34, X, Y, Z), following conditions should be satisfied as much as possible for good cross-correlation property.
- Condition 1: the value of any root index is not multiples of 7
- Condition 2: the value of any root index is not multiples of 3
- Condition 3: the value of difference between any two root indexes is not multiples of 7
- Condition 4: the value of difference between any two root indexes is not multiples of 3
Base on the above principles, several examples of the root indexes (which perfectly satisfy Condition 1 & Condition 2 & Condition 3, and almost satisfy Condition 4, and conjugate pairs (i.e. u1+u2=NZC) among root indexes are also considered) are described in Table 1.
Furthermore, based on Table 2 with consideration of PAPR [3], Example 3 (= 38, 16, 47 for new root indexes) in Table 1 could be one of good choices.
Table 1: Examples of new root indexes for Zadoff-Chu sequences
	
	current root indexes for PSS
	new root indexes for PD2DSS

	Example 1
	29
	34
	25
	38
	2
	61

	Example 2
	29
	34
	25
	38
	5
	58

	Example 3
	29
	34
	25
	38
	16
	47

	Example 4
	29
	34
	25
	38
	19
	44

	Example 5
	29
	34
	25
	38
	23
	40

	Example 6
	29
	34
	25
	38
	26
	37


Table 2: PAPR of several conjugate pairs for new root indexes (SC-FDM, length-62 Zadoff-Chu sequence)
	conjugate pairs for root indexes
	2, 61
	5, 58
	16, 47
	19, 44
	23, 40
	26, 37

	PAPR
	5.58
	7.31
	3.88
	5.60
	5.68
	4.52


Proposal 1

- For PD2DSS ZC sequence
▪ PD2DSS transmitted  from an eNodeB (which is Rel-8 PSS)

▫  Using one of current root indexes: 25, 29, 34
▪ PD2DSS transmitted  from an UE

▫  Using one of new root indexes: X, Y, Z (X, Y, Z could be one of examples in Table 1, e.g. 38, 16, 47)
Indication of type of SS(synchronization source), identity of SS and stratum level 

The type of SS(synchronization source), indentify of SS (=PSSID) and stratum level may be carried by D2DSS and/or PD2DSCH.
Table 1: An example of type of SS, identity of SS and stratum level (Total 6 cases - ①, ②, ③, ④, ⑤ and ⑥)
	Case
	Type of SS
	PSSID
	Stratum level

(hop count)
	Root index

for PD2DSS

	
	Tx SS
	original SS
	
	
	

	①
	eNodeB→UE1
	eNodeB
	PCID

of eNodeB
	level 0
	current root

indexes

	
	
	eNodeB
	eNodeB
	
	
	

	②
	eNodeB→UE1→UE2
	SS relaying eNodeB
	based on PCID

of eNodeB
	level 1
	root index Y

	
	
	UE(=UE1)
	eNodeB
	
	
	

	③
	eNodeB→UE1→UE2→UE3
	SS relaying eNodeB
	based on PCID

of eNodeB
	level 2
	root index Z

	
	
	UE(=UE2)
	eNodeB
	
	
	

	④
	ISS(=UEA)→UEB
	ISS
	based on

ISS(=UEA) ID
	level 0
	root index X

	
	
	UE(=UEA)
	ISS(=UEA)
	
	
	

	⑤
	ISS(=UEA)→UEB→UEC
	SS relaying ISS
	based on

ISS(=UEA) ID
	level 0
(or level 1)
	root index X
(or root index Y)

	
	
	UE(=UEB)
	ISS(=UEA)
	
	
	

	⑥
	ISS(=UEA)→UEB→UEC→UED
	SS relaying ISS
	based on

ISS(=UEA) ID
	level 0
(or level 2)
	root index X
(or root index Z)

	
	
	UE(=UEC)
	ISS(=UEA)
	
	
	


1) Type of SS(synchronization source)

4 types of SS could be considered - eNodeB, SS relaying eNodeB, ISS, SS relaying ISS. If original SS is a SS from which synchronization signal is originated and Tx SS is a SS from which synchronization signal is transmitted, above 4 types of SS can be classified as seen in Table 2.
Therefore, with using different root indexes between PD2DSS from an eNodeB and PD2DSS from an UE, type of SS could be indicated as below.
- Indication of 'type of Tx SS'

▪ 'eNodeB(①) or UE(②/③/④/⑤/⑥)' is indicated by root indexes used for PD2DSS

▫ eNodeB(①): using current root indexes (=25, 29, 34)

▫ UE(②/③/④/⑤/⑥): using new root indexes (=root index X, root index Y, root index Z)

- Indication of 'type of original SS' in the case that 'type of Tx SS' is an UE

▪ 'eNodeB(②/③) or ISS(④/⑤/⑥)' is indicated by SD2DSS sequence mapping order between two interleaved m-sequences as Equation 2.
[Equation 2]
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where condition A: 'type of original SS' is eNodeB (= SD2DSS in D2DSSue_net), condition B: 'type of original SS' is ISS (= SD2DSS in D2DSSue_oon).
If flat structure is applied as proposed in [4], i.e. stratum level is not defined in out-of-coverage (= case ④ and case ⑤/⑥ could be expressed as one case with one stratum level (= stratum level 0)), PD2DSCH does not used to indicate 'type of original SS' as below.
- Indication of 'type of SS'

▪ Each 'type of SS' is indicated by root indexes used for PD2DSS

▫ eNodeB(①): using current root indexes (=25, 29, 34)

▫ UE(SS relying eNodeB, ②/③): using new root indexes (=root index Y, root index Z) 
▫ UE(ISS or SS relaying ISS, ④/⑤/⑥): using new root indexes (=root index X)
2) Identity of SS(=PSSID)

D2DSS is exactly same to the Rel-8 PSS/SSS if type of SS is an eNodeB. Therefore,  PCID of the eNodeB can be used as PSSID and it can be indicated by Rel-8 PSS/SSS.
If type of SS is other than eNodeB (i.e., UE relaying eNodeB's synchronization, UE which is ISS, UE relaying ISS's synchronization), D2DSS can reuse Rel-8 PSS/SSS as much as possible to give minimum specification impacts. Therefore, D2DSS includes PD2DSS and SD2DSS having the same shape of Rel-8 PSS/SSS. The only differences between PD2DSS/SD2DSS and Rel-8 PSS/SSS could be the periodicity in time-domain, the total number of symbols allocated within a subframe, root indexes to generate Zadoff-chu sequences and the range of identity indicated by these synchronization signals.
In the case that type of SS is other than eNodeB, the number of PSSIDs could not be very large (e.g. around 100 as mentioned in [5]) by a consideration that PSSID is used mainly to distinguish the adjacent UEs and theses SSs located in only a localized area.
By the above, PSSID could be indicated by SD2DSS if type of SS is an UE. In the case that type of SS is a SS relying eNodeB, PSSID could be derived based on PCID of eNodeB. In the case that type of SS is an ISS or a SS relying ISS, PSSID could be derived based on ProSe UE ID of ISS. The total number of IDs used for PSSID in these cases is same to the total number of discriminated sequences used for SD2DSS (e.g. 168). The PSSID indicated by SD2DSS is a kind of short identity based on eNodeB's PCID or UE's ProSe ID. Therefore, full identity or remaining part of identity for eNodeB's PCID or UE's ProSe ID could be indicated by PD2DSCH if needed.
3) Stratum level
Stratum level may be indicated by root indexes used for PD2DSS. In the case that type of Tx SS is an UE, each stratum level could be indicated by new root index X, Y, Z as below.
- Indication of stratum level

▪ stratum level 0: using new root index X

▪ stratum level 1: using new root index Y

▪ stratum level 2: using new root index Z
4) D2DSSue_net and D2DSSue_oon
The definitions of D2DSSue_net and D2DSSue_oon are captured in RAN1#77 meeting's agreements. It can be applied cases in Table 2 as below and described in Figure 1 if the flat structure is applied.
- Case ①: eNodeB transmits a PSS/SSS to an in-coverage UE.

- Case ②: An in-coverage UE receives a PSS/SSS from eNodeB, and the in-coverage UE transmits a D2DSS in D2DSSue_net (with root index Y, stratum level 1) to an out-of-coverage UE.

- Case ③: An out-of-coverage UE receives a D2DSS in D2DSSue_net (with root index Y, stratum level 1) from an in-coverage UE, and the out-of-coverage UE transmits a D2DSS in D2DSSue_net (with root index Z, stratum level 2) to the other out-of-coverage UE.

- Case ④/⑤/⑥: An ISS or UE which receives a D2DSS from ISS transmits a D2DSS in D2DSSue_oon (with root index X,  stratum level 0) to an out-of-coverage UE.
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Figure 1: An example of D2DSS transmission
Proposal 2
- The type of Tx SS(=eNodeB or UE) and  identity of SS(=PSSID) should be indicated by D2DSS.

▪ One of current root indexes could be used for PD2DSS if type of Tx SS is eNodeB, and one of new root indexes could be used for PD2DSS if type of Tx SS is UE.

▪ The identity of SS(=PSSID) is indicated by SD2DSS.
- The type of original SS(=eNodeB or ISS) and stratum level should be indicated by D2DSS.
▪ e.g. with definition of D2DSSue_net and D2DSSue_oon

▫  in-coverage UE which transmits D2DSS sequence in D2DSSue_net
∙ using new root index Y, stratum level 1
▫  out-of-coverage UE which transmits D2DSS sequence in D2DSSue_net
∙ using new root index Z, stratum level 2

▫ UE which transmits D2DSS sequence in D2DSSue_oon
∙ using new root index X, stratum level 0 (if flat structure is applied)

3. Conclusion

In this contribution, we discussed considerations on D2D synchronization signal design and provided some remaining details with following our proposals:

Proposal 1

- For PD2DSS ZC sequence
▪ PD2DSS transmitted  from an eNodeB (which is Rel-8 PSS)

▫  Using one of current root indexes: 25, 29, 34
▪ PD2DSS transmitted  from an UE

▫  Using one of new root indexes: X, Y, Z (X, Y, Z could be one of examples in Table 1, e.g. 38, 16, 47)
Proposal 2
- The type of Tx SS(=eNodeB or UE) and  identity of SS(=PSSID) should be indicated by D2DSS.

▪ One of current root indexes could be used for PD2DSS if type of Tx SS is eNodeB, and one of new root indexes could be used for PD2DSS if type of Tx SS is UE.

▪ The identity of SS(=PSSID) is indicated by SD2DSS.
- The type of original SS(=eNodeB or ISS) and stratum level should be indicated by D2DSS.

▪ e.g. with definition of D2DSSue_net and D2DSSue_oon

▫  in-coverage UE which transmits D2DSS sequence in D2DSSue_net
∙ using new root index Y, stratum level 1

▫  out-of-coverage UE which transmits D2DSS sequence in D2DSSue_net
∙ using new root index Z, stratum level 2

▫ UE which transmits D2DSS sequence in D2DSSue_oon

∙ using new root index X, stratum level 0 (if flat structure is applied)
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