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1. Introduction

In RAN1#74-bis meeting, following working assumptions on D2D synchronization signal design was discussed and captured in [1].
- Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

▪ May be used by D2D UEs at least to derive time/frequency

▪ May (FFS) also carry the identity and/or type of the synchronization source(s)

▪ Comprises at least a PD2DSS 

▫ PD2DSS is a ZC sequence

▫ Length FFS

▪ May also comprise a SD2DSS

▫ SD2DSS is an M sequence

▫ Length FFS

- Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel

▪ May carry information including one or more of the following (FFS):

▫ Identity of synchronization source

▫ Type of synchronization source

▫ Resource allocation for data and/or control signalling

▫ Data

▫ others FFS

- A synchronization source is any node transmitting D2DSS 

▪ A synchronization source has a physical identity PSSID

▪ If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

▪ Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s). 

In the RAN #76-bis meeting, there are further discussions on D2D synchronization signal and channel design, and following working assumptions was also captured in [2].
- A synchronization source transmits D2DSS periodically

▪ D2DSS period is not smaller than 40 ms

▫ FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios

- More than one symbol is used for D2DSS transmission in a subframe containing D2DSS

▪ FFS detailed structure

▪ FFS the number of PD2DSS symbols in the same subframe

▪ FFS: Whether SD2DSS is necessary, and if so, how many symbols are used

▪ FFS: Whether D2DSS can be used to demodulate PD2DSCH if PD2DSCH is supported and transmitted in the same subframe

In this contribution, we will discuss detail considerations on D2D synchronization signal design based on above working assumptions.
2. Considerations on information carried by D2DSS and PD2DSCH

Indication of type of SS(synchronization source), identity of SS and stratum level 

First of all, as mentioned in above working assumptions, 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
	1st
(Index 0)
	current root

indexes

	
	
	eNodeB
	eNodeB
	
	
	

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

of eNodeB
	2nd
(Index 1)
	new root

index Y

	
	
	UE(=UE1)
	eNodeB
	
	
	

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

of eNodeB
	3rd
(Index 2)
	new root

index Z

	
	
	UE(=UE2)
	eNodeB
	
	
	

	④
	ISS(=UEA)→UEB
	ISS
	based on

ISS(=UEA) ID
	1st
(Index 0)
	new root

index X


	
	
	UE(=UEA)
	ISS(=UEA)
	
	
	

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

ISS(=UEA) ID
	2nd
(Index 1)
	new root

index Y

	
	
	UE(=UEB)
	ISS(=UEA)
	
	
	

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

ISS(=UEA) ID
	3rd
(Index 2)
	new 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 1.
To indicate type of SS, type of Tx SS(=eNodeB or UE) could be firstly indicated by PD2DSS. However, 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.

The most straightforward way is to use different root indexes between PD2DSS from an eNodeB and PD2DSS from an UE. 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. 

The other way is to use different relative position between PD2DSS and SD2DSS. PD2DSS from an eNodeB uses current relative position between PSS and SSS while PD2DSS from an UE uses additionally specified relative position. This modification could severely affected by resource allocation for synchronization signals and channels, could need more changes from current things.

Other than above two methods, PD2DSS sequences having different sequence length could be applied between PD2DSS from an eNodeB and PD2DSS from an UE. However, orthogonality between two partially overlapped sequences having different sequence could not be guaranteed (e.g. two partially overlapped UL DM-RS sequences for two UEs having different allocated bandwidth), and could give some interference to each other (e.g. D2D UE in partial coverage network which can receive D2DSS both from an eNodeB and from an UE).

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 PD2DSCH (e.g. 1 bit)

If flat structure is applied as proposed in [3], i.e. stratum level is not defined in out-of-coverage (=SS relying ISS(⑤/⑥) is not introduced), PD2DSCH could not be 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, ④): using new root indexes (=root index X)
2) Identity of SS(=PSSID)

As captured in the working assumption, 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 [4]) 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 a 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 or smaller than the total number of discriminated sequences used for SD2DSS (e.g. 168 or 128). The PSSID indicated by SD2DSS is a kind of short identity based on eNodeB's PCID or UE's ProSe ID. Therefore, full identity of 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

▪ 1st stratum level(④): using new root index X

▪ 2nd stratum level(②/⑤): using new root index Y

▪ 3rd stratum level(③/⑥): using new root index Z

Proposal 1

- Type of Tx SS(eNodeB or UE) and identity of SS 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 is indicated by SD2DSS if  type of Tx SS is UE.

- The type of original SS(eNodeB or ISS) could be indicated by PD2DSS or PD2DSCH.

- The stratum level could be indicated by root indexes used for PD2DSS

Considerations on information carried by D2DSS and PD2DSCH
D2DSS and PD2DSCH may carry other information besides type of SS, identity of SS and stratum level. Considered information carried by D2DSS and PD2DSCH is explained in Table 2 for D2DSS and Table 3 for PD2DSCH.

Table 2: Considered information carried by D2DSS

	Information
	Details

	Type of SS
	Type of Tx SS
(eNodeB or UE)
	Indicated by root indexes used for PD2DSS

	
	Type of original SS
	Indicated by root indexes used for PD2DSS 

(only if flat structure is applied in out-of-coverage, else by PD2DSCH)

	Identity of SS (=PSSID)
	Indicated by SD2DSS

	Stratum level
	Indicated by root indexes used for PD2DSS

	FDD/TDD
	Indicated by relative position between PD2DSS and SD2DSS
(it is similar to the Rel-8 PSS/SSS)


Table 3: Considered information carried by PD2DSCH

	Information
	Details

	Full identity of SS

(optional)
	If needed, depending on RAN 2 decision, ≤16 bits

	Type of original SS
	eNodeB or ISS, 1 bit
(only if flat structure is not applied in out-of-coverage, else by D2DSS)

	TDD configuration
	0~7, 3 bits

	Radio frame index
	10 bits (if current maximum range of SFN is considered)
or less (if periodicity of PD2DSCH is considered as mention in [4]) 

	CP length
	normal or extended, 1 bit

	Configuration for resource pool
(only for scenario with resource pool)
	FFS for details including size

	D2DSS received power setting
	FFS for details, 1 or 2 bits

	Other information
	FFS


3. D2D synchronization channel design
An example of time-frequency resource allocation for D2DSS and PD2DSCH is shown in Figure 1. D2DSS may be transmitted at every A radio frames (A is not smaller than 4 as the working assumption, e.g. 4 or 8) in time-domain and central 6 PRBs among system bandwidth in frequency-domain. Within a radio frame in which D2DSS is transmitted, each of PD2DSS and SD2DSS may be allocated using 1 symbol or 2 symbols (if symbol level synchronization detection is considered). 

PD2DSCH may be transmitted at every A∙B radio frames (by integer number B (e.g. 16 or 64), PD2DSCH period is multiple of D2DSS period) using central 6 PRBs. If the same principle used for Rel-8 PBCH is adopted to PD2DSCH, D2DSS and PD2DSCH may be transmitted in the same subframe and the remaining symbols within the subframe containing D2DSS could be used to allocate PD2DSCH. PD2DSCH could reuse current LTE PUSCH structure including DM-RS. 
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Figure 1: An example of time-frequency resource allocation for D2DSS and PD2DSCH
Proposal 2 

- D2DSS and PD2DSS should be transmitted in the same subframe, and PD2DSCH period should be multiple of D2DSS period.
4. Conclusion

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

Proposal 1

- Type of Tx SS(eNodeB or UE) and identity of SS 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 is indicated by SD2DSS if  type of Tx SS is UE.

- The type of original SS(eNodeB or ISS) could be indicated by PD2DSS or PD2DSCH.

- The stratum level could be indicated by root indexes used for PD2DSS

Proposal 2 

- D2DSS and PD2DSS should be transmitted in the same subframe, and PD2DSCH period should be multiple of D2DSS period.
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