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1
Introduction

During RAN1#77 further progress was made on the design of the synchronisation signals and channels for ProSe device-to-device communication and discovery.  In particular there were the following agreements [1]:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number

· D2D frame number is a frame number used for D2D communication

· FFS: Detailed of D2D frame number

· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number

· SD2DSS is specified

· If D2D transmitter is in-coverage, D2D frame number is derived from SFN
Although not an agreement this was one of the summarising proposals from the chair:

· Following information is indicated by D2DSS

· Source type
· FFS: other information
There was also this working assumption agreed:

· A synchronization resource contains 

· In a sub-frame:

· FFS whether 1 or 2 symbols are PD2DSS

· If 2 symbols, sequences in the different PD2DSS symbols use the same root indices 

· FFS whether 1 or 2 symbols are SD2DSS

· Number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS

· Exact symbol locations are FFS

· PD2DSS is 62 length Rel-8 PSS sequence mapped centrally symmetric around D.C. frequency – FFS if root indices are same or different than  Rel-8 PSS root indices (note that if OFDM and Rel-8 PSS root indices, then the waveform would be the same as Rel-8 PSS)

· FFS: if PD2DSS is OFDM or SC-FDM without DFT pre-coding

· FFS if SD2DSS is OFDM or SC-FDM 

· If SD2SS is SC-FDM, FFS if it is DFT pre-coded 

Companies can check performance of PD2DSS ZC sequence until RAN1#78 in presence of frequency offset.

This contribution provides proposals in order to resolve some of the FFSs in these agreements, summarising proposals and working assumptions.
2
Discussion
2.1
D2D frame number
It has been agreed that the D2D frame number is derived from the SFN while the D2D transmitter is in coverage.  We propose that it should be identical with the same counting period and granularity.  That is any in coverage UE should use and transmit an identical D2D frame number to the eNode B SFN that it receives.  For out of coverage UEs the D2D frame number, if it is transmitted, should also be identical to any source that it receives.  If the out of coverage UE is an independent synchronisation source (ISS) then the D2D frame number, if it is transmitted, should have the same counting period and granularity as the cellular case.  However the count will start from an arbitrary time.
There should be no attempt to resolve any conflict between D2D UEs with a different knowledge of D2D frame number.  If the SFN is not consistent then this is likely to be because the network is not synchronous or because the UEs are from asynchronous clusters.  If the synchronisation itself is not consistent then there does not seem to be any advantage in attempting to resolve conflicts in the D2D frame number.
Proposal 1:  If a UE is not an ISS and it transmits D2D frame number then it should be identical to the SFN or D2D frame number that it receives from the source that it is using.  If it does not receive an SFN or D2D frame number or is an ISS and it also transmits D2D frame number then this will be the same as the cellular case but start at an arbitrary position.
2.2
Information indicated by D2DSS
It has been agreed that the set of D2DSS is divided into two groups in order to distinguish between those UEs that are using an eNode B as a timing reference and those that are not using an eNode B.  Thus the source type can be immediately determined by any UE receiving that D2DSS.  It has also been agreed as quoted in the introduction that if two symbols are PD2DSS then they will both use the same root index.  There are also good reasons for keeping the number of different P2D2SS and SD2DSS sequences as small as possible, as discussed in section 2.4, thus the amount of information that can be conveyed by D2DSS is limited.  In addition any other type of information that could be sent on the SD2DSS could just as easily be sent by the PD2DSCH since it is now agreed that this channel is going to be used.  Hence it is proposed that the only information that is sent on the D2DSS is the source type, i.e. whether the transmitting UE is using an eNode B as its timing reference or not.
Proposal 2: The only information sent on the D2DSS is the source type, D2DSSue_net or D2DSSue_oon.  That is whether the UE transmitting the D2DSS is using an eNode B as timing reference or not.

2.3
Structure of D2DSS

It has been agreed as a working assumption that there are 1 or 2 symbols of PD2DSS and 1 or 2 symbols of SD2DSS, although the number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS.  We propose that there are 2 symbols each of PD2DSS and SD2DSS.  The final symbol in the subframe is also reserved as a gap according to the agreement reached at RAN1#77 [1].  Hence there are up to 9 remaining symbols in the normal CP case and 7 remaining symbols in the extended CP case.  We propose that all of these are used for the PD2DSCH. Therefore there will be a link budget difference between the normal and extended CP cases.  However it is considered that the PD2DSCH is not link budget limited.

It is proposed that the 2 PD2DSS symbols are contiguous in time and are used for time acquisition.  The 2 SD2DSS symbols should be separated and are used together with the PD2DSS in order to estimate frequency offset and to provide channel estimation for the PD2DSCH.  One possible configuration for the normal CP case is shown in Figure 1.

[image: image1]
Figure 1 – Symbol configuration for D2DSS and PD2DSCH (normal CP)
Proposal 3: The D2DSS should consist of 2 symbols of PD2DSS, 2 symbols of SD2DSS, a gap in the final symbol and either 7 or 9 symbols for the PD2DSCH.  An example of the location of all the symbols is shown in Figure 1.

2.4
PD2DSS and SD2DSS design
It is proposed that the UE should be able to easily distinguish between a conventional cell synchronisation signal and a PD2DSS.  Particularly in the case of TDD, then a legacy UE could easily mistake a PD2DSS for a PSS originating from an eNode B if the same sequences are used.  What happens next depends on the search algorithm that is implemented in the UE but it is preferable to design so that this situation is avoided.  Therefore either the PD2DSS should employ different root sequences or there should be an offset in PD2DSS transmission frequency so that it does not coincide with the 100kHz LTE frequency raster.  It is also possible to use both these methods to increase the separation between the PD2DSS and PSS.
It would also be advantageous to try and reduce the number of sequences, which would simplify the scan in the receiver.  For example if two PD2DSS root sequences were used then these could be used to distinguish between the UEs that use an eNode B as a timing reference and those that don’t.  Alternatively a single root sequence could be defined and then the SD2DSS could be used to distinguish between the groups D2DSSue_net and D2DSSue_oon. On balance our preference is to use two root sequences. 
Proposal 4:  The root sequence used for the PD2DSS is different to those used for conventional cell synchronisation signals and / or the transmission frequency of the PD2DSS does not coincide with the 100kHz LTE frequency raster.
Proposal 5:  Two root sequences are used for the PD2DSS and these are used to separate the D2DSS into the groups D2DSSue_net and D2DSSue_oon.
Regarding the FFS on whether to use OFDM or SC-FDM for the PD2DSS and SD2DSS our preference is to use SC-FDM for both.  For the further FFS on the SD2DSS regarding DFT pre-coding it is desirable to take advantage of the gain across the UE and use DFT pre-coding.  There is another advantage of DFT pre-coding the SC-FDM symbols for the SD2DSS which is that the Cubic Metric (CM) value will be reduced.
Proposal 6:  Use SC-FDM for both the PD2DSS and SD2DSS.  Also use DFT pre-coding on the SD2DSS.
3
Conclusion 
This contribution has addressed some of the remaining FFS issues in the design of the synchronisation signals and channels for device-to-device communication and discovery.  In conclusion the following proposals are made:
Proposal 1:  If a UE is not an ISS and it transmits D2D frame number then it should be identical to the SFN or D2D frame number that it receives from the source that it is using.  If it does not receive an SFN or D2D frame number or is an ISS and it also transmits D2D frame number then this will be the same as the cellular case but start at an arbitrary position.
Proposal 2: The only information sent on the D2DSS is the source type, D2DSSue_net or D2DSSue_oon.  That is whether the UE transmitting the D2DSS is using an eNode B as timing reference or not.
Proposal 3: The D2DSS should consist of 2 symbols of PD2DSS, 2 symbols of SD2DSS, a gap in the final symbol and either 7 or 9 symbols for the PD2DSCH.  An example of the location of all the symbols is shown in Figure 1.
Proposal 4:  The root sequence used for the PD2DSS is different to those used for conventional cell synchronisation signals and / or the transmission frequency of the PD2DSS does not coincide with the 100kHz LTE frequency raster.

Proposal 5:  Two root sequences are used for the PD2DSS and these are used to separate the D2DSS into the groups D2DSSue_net and D2DSSue_oon.
Proposal 6:  Use SC-FDM for both the PD2DSS and SD2DSS.  Also use DFT pre-coding on the SD2DSS.
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