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1 Introduction

D2D synchronization signals have been evaluated and were discussed during the SI phase. 

In this contribution, we present our design proposal on transmission formats for D2D synchronization signals and channels to support out-of-coverage operation for the PS use case.

An accompanying discussion document [1] presents our proposal on transmission formats for the D2D physical channels carrying broadcast communication data, discovery messages and control signalling in the form of scheduling assignments. We discuss the necessity and details of control signalling to support D2D in [2].
2 Synchronization signals for D2D
We propose that the R8 LTE PSS/SSS sequences are reused as D2DSS. The motivation for this design approach is that changes to existing handset implementations are minimized and that acquisition performance of R8 PSS/SSS is well understood and sufficient to meet the link budgets for D2D.
However, to allow for seamless inter-operability with existing LTE networks, PSS/SSS symbol positions and alignment in D2D subframes need to be changed when compared to R8 LTE FDD and TDD frame structures. When a D2D UE acquires synchronization signals in its vicinity, it is still necessary to distinguish between LTE FDD/TDD networks providing infra-structure access and D2D ad-hoc networks using LTE radio access in PS out-of-coverage use cases. In consequence, D2DSS design must use symbol position, PSS/SSS symbol distance and subframe mappings in LTE radio frames that are distinct from those used in R8.
The D2DSS must be sent every 40-60 ms to guarantee sufficient acquisition and oscillator lock performance.
When reusing R8 PSS/SSS as D2DSS, up to 504 distinct identifiers can be used, which we deem enough for the purpose of providing a sufficiently large number of synchronization groups even in presence of operating LTE infrastructure.

For PS out-of-coverage:
The D2D UE is an independent synchronization source and the D2DSS identifier can simply be derived from the PS UE ID. Other PS UE’s that acquire synchronization from another D2D UE will simply use the same D2DSS identifier of that UE when starting to transmit their own D2DSS and instead increase the hop counter in the synchronization message.
For in-coverage:
The PSS/SSS of the serving cell eNB provide the DL synchronization reference.

3 Synchronization channel for D2D

We propose the introduction of a separate synchronization message, the Physical D2D Synchronization Control Channel (PD2DSCH) to carry information in the order of up to 30 bits that the D2DSS cannot provide without extensive design changes when compared to the R8 LTE baseline.
The synchronization message, i.e. the PD2DSCH in fact serves two purposes. Firstly, it identifies the synchronization source and provides a hop counter. Secondly, it serves as a mechanism to convey information about the resource pool allocations to transmit scheduling assignments in the area.
Unlike the D2DSS, the PD2DSCH only needs to be sent infrequently, i.e. in the order of once up to every 2.56 sec.
In our view, the PD2DSCH should contain the following information fields,

- 16 bit sync ID derived from PS identifier

- 1 bit sync source type (“eNB derived” or “UE propagated”)
- 2 bit max (allowed) hop counter (to be increased when propagating timing)
- 4 bit broadcast data resource pool configuration (for transmission of scheduling assignments)

- 4 bit frame counter (for D2D multiframe structure)

- TDD carrier only: 3 bit frame configuration
We note that the 4 bit resource pool configurations will indicate 1 out of 16 possible sets of subframes according to an indexed list of preferred subframes for transmission of the scheduling assignments.

D2DSS, when transmitted, will occur every 4-6 frames and will occupy 2 OFDM symbols using 6 RB’s in center BW of an LTE carrier. Therefore it is desirable that the PD2DSCH L1 design follows the principles of the R8 PBCH, i.e. occupy the remaining OFDM symbols in a subframe containing D2DSS. Furthermore, because of initial acquisition performance being more robust when using Extended CP, we think PD2DSCH should only use Extended CP, and accordingly PSS/SSS when reused for D2DSS should then be based on the LTE R8 Extended CP formats.
It derives from these considerations that the PD2DSCH cannot reuse the transmission format of PDBCH carrying broadcast data, discovery and control in the form of scheduling assignments. A separate physical channel is needed.
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Figure 1: D2DSS and PD2DSCH transmission patterns for a multi-frame period

For PS out-of-coverage:
The D2D UE is an independent synchronization source and it will intermittently transmit the PD2DSCH together with its D2DSS. Other PS UE’s that acquire synchronization from another D2D UE will acquire the PD2DSCH of that UE increase the hop counter up to the maximum allowed value when transmitting their own synchronization message.

For in-coverage:
The PD2DSCH is not necessary, i.e. RRC signaling in the D2D SIB from the serving cell eNB provides resource pool allocations for transmission of broadcast data, discovery messages and control in the form of scheduling assignments.

4 Conclusion

In this contribution, we present our design proposal on transmission formats for D2D synchronization signals and channels to support out-of-coverage operation for the PS use case.

In summary we propose,
Proposals

1. R8 PSS/SSS sequences are re-used for the D2DSS.
2. D2DSS uses symbol positions, PSS/SSS symbol distance and subframe mappings distinct from R8 LTE FDD/TDD.

3. D2DSS identifiers in PS out-of-coverage are derived from the PS UE ID.

4.  PD2DSCH is supported for the purpose of transmitter/receiver synchronization in the D2D PS out-of-coverage broadcast data scenario
5. PD2DSCH uses Ext CP, QPSK, 1 symbol DTX at the end of the subframe, convolutional coding with repetition

6. PD2DSCH occurs every 2.56 sec in subframes containing the D2DSS from a transmitter UE and occupies the remaining OFDM symbols in centre 6 PRB BW of such a subframe

7. PD2DSCH carries IE’s for sync ID, sync source, hop counter, resource pool configuration, frame counter and TDD frame configuration (TDD only)
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