
3GPP TSG RAN WG1 Meeting #76bis
R1-141260
Shenzhen, China, 31st March - 4th, April 2014
Agenda Item:
7.2.7.3.2
Source:
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title:
Considerations on D2D synchronization signal design
Document for:
Discussion and decision

1 Introduction
In RAN1#74bis and RAN1#76, the following working assumptions were made on D2D synchronization:
· 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

· Synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage.
· After giving priority to synchronization sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:

· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.
· FFS: Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D selection criterion.

· FFS whether to define the measurement for received D2DSS quality.

· FFS on how synchronization source type and stratum level can be carried by D2DSS/PD2DSCH.
In this paper, we discuss the synchronization signal design and make some proposals. 
2 Considerations on D2D synchronization
D2DSS for different source types
According to previous discussions, there are generally three kinds of synchronization sources (SS), that is, in descending order of priority, the eNB, the UE SS in network coverage, and the UE SS out of network coverage. It is already agreed that the eNBs transmit the synchronization signals of PSS/SSS as synchronization reference for the D2D related activities in network coverage. For the SS UEs, whether in network coverage or out of network coverage, new synchronization signals of D2DSS need to be defined. According to the working assumptions in RAN1#74bis, the D2DSS can be designed in a similar manner to the PSS/SSS, that is, Zadoff-Chu sequence for the PD2DSS and M-sequence for the SD2DSS. The actual sequences should reuseRel-8 PSS/SSS, different root sequences for PSS, or different M-sequence for SSS. If Rel-8 PSS/SSS are used for D2DSS, it would allow UE to reuse PSS/SSS detection for D2DSS detection.  However, it sets the limit of number of D2DSS.   The available D2DSS set can be partitioned into two subsets, one for UE SSs in network coverage, and the other for SS UEs out of network coverage. Thus, we have the following proposal.
D2DSS format

The sequence used for the PD2DSS signal can be generated from the Zadoff-Chu sequence in the frequency domain. The sequence length could be 63 as in PSS definition, but with the middle element used instead of being nulled as in PSS, to keep consistent modulation operations with the SC-FDMA discovery message signals (In LTE, with the UL SC-FDMA, the original DC subcarrier is shifted by half subcarrier and thus could be used, while with DL OFDM, the DC is unused). 
For PD2DSS, two (or more) root indexes should be defined with good cross-correlation property.The number of PD2DSS sequences needed should be studied further. The partitioning of D2DSS signals into two subsets mentioned above could be based on the root index of the PD2DSS. 
The SD2DSS is needed to carry more synchronization information together with PD2DSS. SD2DSS could reuse Rel-8 SSS design for simplicity.  
Proposal 1: PD2DSS is a length-63 ZC sequence mapped to the central 63 subcarriers. At least 2 ZC root sequences are defined, for in and out of network coverage respectively. SD2DSS reuse Rel-8 SSS M- sequences. 
Synchronization information contained in D2DSS
The information that should be contained by the synchronization signal D2DSS includes: 
· SS type (eNB, in-network UE, or out-of-network UE)

· synchronization source ID 
As mentioned above, the SS type information is implicitly indicated by the used D2DSS subset. Regarding the synchronization source ID, here it is a physical layer ID (like physical layer cell ID indicated by PSS/SSS), and it serves the purpose of collision avoidance. Since the SS IDs are thus used mainly to differentiate the adjacent SS UEs (i.e., they make sense only in a localized area), the set of SS IDs generally need not be very large (e.g., 7 bits may be sufficient). 
Thus, the number of combinations of PD2DSS/SD2DSS sequences available needs to be at least 128 in each of the two subsets for in and out of coverage. 

Note that configuration information of the resource pool (e.g., resource pools for discovery, for scheduling assignment, and for broadcast data, respectively) could be broadcast by eNB in SIB for in-network use case or could be preconfigured for out-of-network use case. Thus, such information need not be conveyed by the D2DSS signals. 
Proposal 2: SD2DSS is an M-sequence with at least 128 indices for collision avoidance within a localized area.   
D2D synchronization in discovery and broadcast
The D2D synchronization signal design shall support all D2D related operations, including device discovery and data broadcast. 
Proposal 3: A single D2D synchronization design is used for both device discovery and broadcast communications. 

3 Conclusion
In this paper, we present our considerations on the D2D synchronization signal designs. The following are proposed:
Proposal 1: PD2DSS is a length-63 ZC sequence mapped to the central 63 subcarriers. At least 2 ZC root sequences are defined, for in and out of network coverage respectively. SD2DSS reuse Rel-8 SSS M- sequences.
Proposal 2: SD2DSS is an M-sequence with at least 128 indices for collision avoidance within a localized area.    
Proposal 3: A single D2D synchronization design is used for both device discovery and broadcast communications.
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