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1 Introduction

In the meeting RAN1 #78, the details of D2D synchronization design were extensively discussed, and some related agreements were made in the following [1]:

	Agreements:
· 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
Possible observations:
· Information carried by PD2DSCH

· D2D frame number

· Whether D2D frame number is derived by accurate method or not

· System BW

· TDD configuration

· Transmission resource pool

· Receiving resource pool

· Synchronization source ID

· Current stratum level

· TDD/FDD differentiation

· Time to scan

· PCID of eNB from which UE derives Tx timing

· UE power capability

· UE power limitation from NW

· Current hop number is carried by

· Alt. 1: Sequence of D2DSS

· Alt. 2: PD2DSCH


The agreements of the meeting RAN1 #77 on D2DSS sequences definitions were listed below as well [2]:

	Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither


In this contribution, further discussions about D2DSS syncrhonization signal design are provided.

2 Discussion
In legacy LTE, besides carrying information like physical layer cell identity, the PSS/SSS synchronization signals mainly act as transmission timing reference providers. In D2D communications, the original timing reference can either be from eNB or from some synchronization cluster heads (SCHs), which are independent UEs which transmit its own timing without deriving timing from any other UEs or eNB. Correspondingly, the D2DSS sequence groups “D2DSSue_net” and “D2DSSue_oon” are defined in RAN1 #77. Therefore, it was implicitly agreed that synchroinzation source type information should be carried by D2DSS. However, how to carry this information is unknown yet in RAN1. 

The current agreements give the available sequence sources which can carry information: PD2DSS with new root index and SD2DSS with same sequences as Rel-8 SSS. Before addressing the issue of how to carry information, the question of what information is carried by D2DSS should be discussed firstly, so as to make the best use of D2DSS resources and minimize the overhead cost of PD2DSCH.    
Differing from legacy LTE synchronization with only eNB SS, the D2D synchronization may face multiple D2DSS received in the same synchronization period. The D2D UE has to decide which timing it should select for its own timing. According to [3], the UE needs to consider the priority relationship among synchronization source, the received D2DSS signal strength and the stratum level, when UE decides which D2DSS it will synchronize to. The exact D2DSS timing selection method can be specified, or up to UE’s implementation. No matter how to handle the timing selection, we think stratum level is important information for the UE to determine the accuracy of received D2DSS, as each D2DSS hop may introduce synchronization errors due to local oscillator phase noise. If the stratum level is carried by PD2DSCH, the UE has to wait till the PD2DSCH is successfully decoded so it can determine its timing; it’s not efficient. What’s more, since the UE should have to decode all the PD2DSCHs associated with detected D2DSS for priority handling, it causes additional UE complexity for synchronization source selection. In addition, carrying stratum level information with PD2DSCH even makes it impossible for synchronization source selection during the initial D2D synchronization phase, because without synchronization to indicate things like frame timing, the PD2DSCH can’t be decoded. On the other hand, as agreed in RAN1#78, “For PD2DSCH, only transmitted from synchronization source”, e.g., eNB or independent synchronization source, it can’t be relayed by UEs. Therefore, when the UE receives multiple D2DSS, some D2DSS may not have stratum level information as there are no PD2DSCH associated with these D2DSS; Finally, as mentioned above, statistically more D2DSS hops mean less accurate timing, when D2DSS reaches some limits, it shouldn’t be relayed anymore. If no PD2DSCH is associated to provide stratum level information, the UE won’t know whether this D2DSS timing should be relayed or not.

Proposal 1: 

· Stratum level should be carried by D2DSS, instead of PD2DSCH.
Secondly, many physical synchronization source (PSS) Ids will potentially be defined (According to QC’s simulations [4], more than 200 sync sources exist if three-hopping protocols is used, this number becomes larger if less hopping protocols are used). If this information is carried by PD2DSCH, 8 or more bits are needed, it is a quite large overhead cost. If it is carried by D2DSS, there are hundreds of SD2DSS which are not defined and can be used for this purpose. 
Proposal 2: 

· PSS ID should be carried by D2DSS, instead of PD2DSCH.
As a matter of fact, another great benefit from carring PSS ID with D2DSS is it can save “synchronization source type” information cost in D2DSS. If there is some explicit mapping relationship defined between physical synchronization source ID and synchronization source type, there is even no need to use particular D2DSS to indicate synchronization source type. The details of this mapping relationship can be FFS, e.g., some particular synchronization source IDs (with corresponding SD2DSS) are used for “D2DSSue_net”, and the remaining SD2DSS are defined for “D2DSSue_oon” only.  

Proposal 3: 

· If PSS ID is carried by D2DSS, there is no need to use extra D2DSS resources to specify “synchronization source type”.
Based on the above analysis which maximizes the use of D2DSS sequence resources, we propose the following D2DSS design:
Proposal 4: 

· The PD2DSS carries the information of stratum level; and the SD2DSS carries the information of synchronization source ID.
3 Summary

Based on the discussion above, we propose the following:
Proposals: 

· Stratum level should be carried by D2DSS, instead of PD2DSCH.
· PSS ID should be carried by D2DSS, instead of PD2DSCH.  
· If PSS ID is carried by D2DSS, there is no need to use extra D2DSS resources to specify “synchronization source type”. 

· The PD2DSS carries the information of stratum level; and the SD2DSS carries the information of synchronization source ID.
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