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1. Introduction
In the Rel-12 WID for LTE D2D [1], the following is decided to be studied for D2D synchronization signal:
1) Define physical signals and channels and related UE behaviors for D2D discovery and broadcast communication [RAN1]

a) Specify synchronization signal (D2DSS) and, if supported, synchronization channel (PD2DSCH)

In the report for D2D SI in Rel-12 [2], the working assumption for D2D synchronization signal design is:
Working assumption: 
D2D Synchronization Sources transmits a D2DSS that:

· May (FFS) carry the identity and/or type of the D2D Synchronization Source(s)

· Comprises of at least a Primary D2D Synchronization Signal (PD2DSS) 

· PD2DSS is a Zadoff Chu sequence

· Length FFS

· May also comprise of a Secondary D2D Synchronization Signal (SD2DSS)

· SD2DSS is a M sequence

· Length FFS
The concept of Physical D2D Synchronization Channel (PD2DSCH) transmitted by a D2D Synchronization Source should be further discussed. This is not implying that such a channel will be defined. 
The channel may carry information including: 

· Identity of Synchronization Source

· Type of Synchronization Source

· Resource allocation for data and/or control signaling

· Data

· Others (FFS)
Based on the working assumption, we discuss the design of D2DSS and PD2DSCH in this contribution. To simplify the specification effort and UE design, the synchronization signal design in LTE is reused as much as possible. 
2. Discussion
In our contribution [3], we discuss the resource allocation for D2DSS/PD2DSCH, and solve the issue of multiplexing D2DSS/PD2DSCH transmitted by different D2D UEs synchronized to the same eNB or ISS. However, similar issue also exists for D2DSS/PD2DSCH transmitted by D2D UEs synchronized to different eNBs or ISSs which are synchronized to each other. The information carried by D2DSS/PD2DSCH could be different if the original synchronization sources are different. A typical scenario is that for synchronized neighboring cells belonging to different eNBs, the resource pool carried by PD2DSCH could be independent. This issue is similar to the case of PSS/SSS and PBCH transmission from synchronized cells in LTE. In this case, to differentiate the D2DSS/PD2DSCH from different cells and also reduce interference, a PSSID can be introduced for generation of D2DSS/PD2DSCH similar to cell ID in LTE. The details are discussed in the following section.
Proposal 1: PSSID is used to distinguish D2DSS/PD2DSCH from different original synchronization sources which are synchronized to each other, e.g. synchronized neighboring cells.
2.1. D2DSS design
To reduce the specification effort and UE complexity to generate D2DSS, the structure and sequence generation method of LTE PSS/SSS can be reused as much as possible for D2DSS. D2DSS can comprise of a PD2DSS and a SD2DSS. PD2DSS is a ZC sequence with the same length and sequence generation as that of PSS, while SD2DSS is an m sequence with the same length and sequence generation as that of SSS. The PSSID is derived from N_D2DID_1 and N_D2DID_2, which are individually carried by PD2DSS and SD2DSS. For D2DSS synchronized to eNB, it is natural that PSSID is the cell ID so as to distinguish different cells. For D2DSS synchronized to an ISS, the PSSID can be determined by the ISS.
Proposal 2: The D2DSS reuses the structure and sequence generation of LTE PSS/SSS using PSSID instead of Cell ID.
· For D2DSS synchronized to eNB, the PSSID is the cell ID. 
· For D2DSS synchronized to ISS, the PSSID is determined by the ISS.
For FDD, the three values of root index u for PSS can be fully reused. But for TDD, since the blind detection of PSS and PD2DSS would be performed in the same bandwidth, different sequence from that of PSS for PD2DSS is expected to avoid D2D UEs to detect both SD2DSS and SSS after detection of PD2DSS or PSS. This can also avoid legacy TDD UEs to unnecessarily detect SSS when receiving PD2DSS and increase additional complexity.  A simple method to differentiate the sequence is adopting three different root indexes u for PD2DSS in TDD.
Proposal 3: Different root indexes u from those of LTE PSS are used for PD2DSS to avoid unexpected detection for TDD system. 
2.2. PD2DSCH design
As proposed in [4], to carry some synchronization information to supplement inter-cell synchronization or synchronization in partial scenarios, PD2DSCH should be defined. The PD2DSCH can also reuse the PUSCH structure to simplify the design. Considering similar functionality between that of PD2DSCH and PBCH, some design of PBCH can also be reused for PD2DSCH. For example, as the payload of PD2DSCH is not likely to be larger than 100bits, QPSK modulation, tail-biting convolutional code and 16bits CRC can be reused. The scrambling method of PBCH can also be reused, and the scrambling sequence can be generated using PSSID instead of Cell ID. If D2DSS and PD2DSCH are TDMed in the same subframe as described in [3], D2DSS can be the DMRS of PD2DSCH for its channel estimation. 
Proposal 4: The structure of PD2DSCH can reuse that of PUSCH and PBCH.
· QPSK modulation.
· Tail-biting Convolutional code and 16bits CRC
· D2DSS reused as the DMRS.
· The scrambling sequence generated similar to that of PBCH using PSSID instead of Cell ID.
The contents that may be carried by PD2DSCH are summarized below:
· Identity of Original Synchronization Source (PSSID)*
· Can also be carried by D2DSS
· Type of Original Synchronization Source*
· Can also be implicitly indicated by PSSID via D2DSS
· Stratum level
· It is beneficial to carry stratum level information (maximum of 3 levels) for D2DSS selection as proposed in [5].
· In-coverage resource pools used for D2D synchronization/discovery/ control channel/communication
· Bandwidth of in-coverage D2D transmission (could also be included in resource pool information)
· TDD configuration (could also be included in resource pool information)
· CP length (if the CP length for D2D signal is configurable by eNB)
· Time-domain resources information
· Radio frame number
· FFS: current subframe index
· FFS: a D2D system frame number
The resource pool and possible CP length and TDD configuration is only possible to be carried by PD2DSCH whose original synchronization source is eNB. Whether the resource pool is forwarded in such a PD2DSCH is depended on the allowed hop number for resource pool, which is discussed in [5]. Although only discovery within coverage is supported in Rel-12, carrying discovery resource pool in PD2DSCH would help D2D UEs in other cells to detect the discovery signal for reception. In the case of partial communication,  at least the Mode 2 resource pool for communication control channel and data should be forwarded in PD2DSCH for neighboring out-of-coverage UEs to transmit in the resource pool. The indication of Mode 1 resource pool would also assist out-of-coverage UEs or UEs in neighboring cells to detect the Mode 1 communication signal. Furthermore, if the synchronization resources are independently configured by each eNB, some time-domain synchronization resource information should also be indicated in PD2DSCH, e.g. the periodicity and offset of D2DSS/PD2DSCH. Considering the overhead of these information would be significantly larger than that of other information, at least two different PD2DSCH formats with or without resource pools can be defined. The details can be found in Table 1 and Table 2.
Table 1: PD2DSCH with resource pool

	Indication content
	Number of bits
	description

	Radio frame index
	10 or less
	Current radio frame index or D2D frame index, can be assistant information to confirm resource pool

	PSSID
	0
	The information is carried by D2DSS

	synchronization source type
	0
	The original synchronization source type of PD2DSCH carrying resource pool is always eNB.

	Stratum level
	0 or 1
	If resource pool is only carried PD2DSCH transmitted by UEs within coverage, the stratum level is always 1.
If resource pool is allowed to be transferred once by out-of-coverage UEs[5], 1 bit to distinguish UEs within coverage and out-of-coverage UEs.

	Resource pool configuration
	tens of bits
	In-coverage resource pool used for D2D synchronization/discovery/ control channel/communication may include one or some of the followings:
1) Tx resource pool of discovery (for receiving only)
2) Tx resource pool for Mode 1 control channel (for receiving only)

3) Tx resource pool for Mode 2 control channel
4) Tx resource pool for Mode 1 communication data(for receiving only)

5) Tx resource pool for Mode 2 communication data
6) Time-domain information of synchronization resources, e.g. subframe index, periodicity etc.

	Bandwidth
	0 or 3
	Bandwidth of in-coverage D2D transmission;

could be 0 if it can be included in resource pool information

	TDD UL/DL configuration
	0 or 3
	assistant information to confirm resource pool in TDD;
could be 0 if it can be included in resource pool information or for FDD

	CP length
	0 or 1
	depended on whether CP is configurable by eNB


Table 2: PD2DSCH without resource pool

	Indication content
	Number of bits
	description

	Radio frame index
	0 or10 or less
	If the D2D transmission resource is not associated with radio frame or subframe, the field is not needed; could also be the D2D frame index;

	PSSID
	0
	The information is carried by D2DSS.

	synchronization source type
	0 or 1
	The original synchronization source type may be implicitly indicated by PSSID.
If the synchronization source type is ISS, one additional bit may be used to indicate whether the ISS is synchronized to GPS.

	Stratum level
	2
	If the synchronization source type is eNB, level N=1 corresponding to PD2DSCH transmitted by UEs within coverage; If the synchronization source type is ISS, level N=1 corresponding to PD2DSCH transmitted by ISS;

The maximal value of stratum level is 3 as proposed in [5].


Proposal 5: Two PD2DSCH formats in Table 1 and 2 are proposed
3. Conclusion
In this contribution, the signal design of D2DSS and PD2DSCH is discussed. The D2DSS sequence and information carried by D2DSS is analyzed. Two formats are proposed for PD2DSCH transmission with different information. The proposals are summarized as below.
Proposal 1: PSSID is used to distinguish D2DSS/PD2DSCH from different original synchronization sources which are synchronized to each other, e.g. synchronized neighboring cells.

Proposal 2: The D2DSS reuses the structure and sequence generation of LTE PSS/SSS using PSSID instead of Cell ID.

· For D2DSS synchronized to eNB, the PSSID is the cell ID. 
· For D2DSS synchronized to ISS, the PSSID is determined by the ISS.
Proposal 3: Different root indexes u from those of LTE PSS are used for PD2DSS to avoid unexpected detection for TDD system.

Proposal 4: The structure of PD2DSCH can reuse that of PUSCH and PBCH.

· QPSK modulation
· Tail-biting Convolutional code and 16bits CRC
· D2DSS reused as DMRS.
· The scrambling sequence generated similar to that of PBCH using PSSID instead of Cell ID.
Proposal 5: Two PD2DSCH formats in Table 1 and 2 are proposed.
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