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1
Introduction

During RAN1#78 further progress was made on the design of the D2DSS synchronisation signal for ProSe device-to-device communication and discovery.  In particular there were the following agreements [1]:
· 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
· Within a subframe, D2DSS symbol location is fixed for a given CP length
Although not an agreement this was one of the summarising proposals from the chair at RAN1#77 [2]:

· Following information is indicated by D2DSS

· Source type
· FFS: other information
There was also a working assumption from RAN1#77 [2] where the FFS has been clarified by the subsequent agreements above. However it does indicate that the two PD2DSS symbols should use the same root index:

· 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
This contribution considers the remaining aspects of the D2DSS design and what information is indicated on it.
2
Discussion
2.1
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 (D2DSSue_net) and those that are not using an eNode B (D2DSSue_oon) [2].  Thus the source type can be immediately determined by any UE receiving that D2DSS.  It has also been agreed that there should be two PD2DSS symbols in a subframe containing D2DSS [1].  In addition it has been agreed as a working assumption that these two PD2DSS symbols in that particular subframe should use the same root index [2].  However the details of how many different root indices can be used and which values should be used are FFS.
It is advantageous to try and reduce the number of sequences of both PD2DSS and SD2DSS because this simplifies the scan in the receiver.  For example if only 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. However if a pair of root sequences is used which contains sequences which are complex conjugates then the receiver can be simplified since they can be detected with a single correlator. Therefore the overhead of detecting two root sequences instead of one is reduced and so it is proposed that two root sequences are used.
Given that it is advantageous to reduce the number of D2DSS sequences as far as possible then a consequence of this is that 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 D2DSS 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.

Regarding the actual values of the two root indices for the PD2DSS it is desirable to use a pair where the sequences are complex conjugates as discussed above. There are also other factors influencing the choice which have been identified in previous contributions, including low CM/PAPR and suitable auto-correlation and cross-correlation performance [3, 4].  An example of a pair which satisfies these requirements consists of the indices 26 and 37.  
The proposals in Section 2.1 are summarised as follows:

Proposal 1:  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 2: The only information sent on the D2DSS is the source type, D2DSSue_net or D2DSSue_oon.
Proposal 3: The two root sequences chosen for the PD2DSS should consist of complex conjugates in order to simplify the receiver.  The CM/PAPR and the auto-correlation and cross-correlation performance should also be taken into account in choosing the values.
2.2
Structure of D2DSS
It has now been agreed that there are 2 symbols of PD2DSS and 2 symbols of SD2DSS in the D2DSS.  The final symbol in the subframe is also reserved as a gap according to the agreement reached at RAN1#77 [2].  Hence there are up to 9 remaining symbols in the normal CP case and 7 remaining symbols in the extended CP case.  It has been agreed that UEs participating only in discovery do not transmit PD2DSCH whereas those UEs participating in broadcast communication which do transmit D2DSS will always also transmit PD2DSCH with the same period [5].  It is proposed that for communication the PD2DSCH is always transmitted in the same subframe as the D2DSS and that no other signals or channels are transmitted in that subframe.  Note that this resolves a further FFS from an agreement on the PD2DSCH regarding whether the symbols in the synchronisation subframe are used only for D2DSS and PD2DSCH [1].
It is also proposed that when PD2DSCH is transmitted that all of the remaining symbols 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.
Next the configuration of the symbols within the subframe is considered.  It is proposed that the two PD2DSS symbols are contiguous in time and are used for time acquisition.  The two SD2DSS symbols should be separated and be situated either side of the PD2DSS symbols.  The SD2DSS symbols are used together with the PD2DSS in order to estimate frequency offset and also to provide channel estimation for the PD2DSCH.  
It has been suggested that a disadvantage of using two consecutive PD2DSS symbols is that the UE has to perform additional blind detection of the SD2DSS since the relative position of SD2DSS would depend on which of the two PD2DSS symbols was detected.  However the extra overhead is not that great since there are only two symbol positions that the SD2DSS could possibly be in and so the set searched is reduced. Alternatively the correlator could be designed to look for pairs of PD2DSS as opposed to a single one.  In this manner the location of the SD2DSS would be known already and no blind detection would be necessary.
As well as being situated either side of the PD2DSSs, the SD2DSS should be an equal number of symbols away from its respective PD2DSS symbol.  One possible configuration for the normal CP case is shown in Figure 1.  However it is also possible to reduce the gap between the PD2DSS and SD2DSS and an alternative configuration is shown in Figure 2.

[image: image1]
Figure 1 – Symbol configuration for D2DSS and PD2DSCH (normal CP)


[image: image2]
Figure 2 – Alternative symbol configuration for D2DSS and PD2DSCH (normal CP)
Similarly for the extended CP case an example of the symbol configuration is shown in Figure 3.

[image: image3]
Figure 3 – Symbol configuration for D2DSS and PD2DSCH (extended CP)

Note in these figures the structure is shown for the broadcast communication case.  For Discovery it can be assumed that the PD2DSCH symbols are unused.

A further advantage of detecting the two PD2DSSs together is that the cyclic prefix length can be immediately determined at this stage by using the separation between the two. The current situation for the cellular case is that blind detection of the SSS has to be performed in order to determine the cyclic prefix and frame type.  Regarding the correlator structure, it can be similar to what is used already with non-coherently combined sub-correlations.

One crucial aspect for off-network operation of D2D communication is that of frequency error.  The frequency offset can be higher than in the cellular case.  When two UEs are operating in coverage it can be assumed that the UEs are both using a standard AFC feedback loop with a low-pass response where Doppler is the main cause of frequency error. For the out-of-coverage case this may not be possible and so the frequency offset detection needs to be more robust.  The main benefit of separating the PD2DSS and SD2DSS is to provide additional resolution for frequency estimation and correction.  The frequency estimate made from a coherent comparison between the PD2DSS symbols needs to be sufficiently accurate to allow a second estimate of frequency error to be obtained from SD2DSS alias-free. A similar comment applies to the separation between the PD2DSS and SD2DSS and also to the separation of the two SD2DSS.
The proposals in Section 2.2 are summarised as follows:
Proposal 4: When the PD2DSCH is transmitted it is always in the same subframe as the D2DSS.  Either 7 or 9 symbols should be used for the PD2DSCH, depending on CP length and there should be no other signals or channels transmitted in the synchronisation subframe.

Proposal 5: The D2DSS should consist of:

· Two contiguous symbols of PD2DSS at the centre of the subframe

· Two separated symbols of SD2DSS either side of the PD2DSS.
3
Conclusion 
This contribution has addressed some of the remaining FFS issues of the D2DSS design and has also suggested symbol configurations for the synchronisation subframe.
Time and frequency acquisition are implementation dependant but the configurations proposed in Section 2 provide flexibility in how they may be implemented.  The separation of the PD2DSS and SD2DSS provides additional resolution for frequency estimation and correction.
In conclusion the following proposals are made:
Proposal 1:  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 2: The only information sent on the D2DSS is the source type, D2DSSue_net or D2DSSue_oon.
Proposal 3: The two root sequences chosen for the PD2DSS should consist of complex conjugates in order to simplify the receiver.  The CM/PAPR and the auto-correlation and cross-correlation performance should also be taken into account in choosing the values.
Proposal 4: When the PD2DSCH is transmitted it is always in the same subframe as the D2DSS.  Either 7 or 9 symbols should be used for the PD2DSCH, depending on CP length and there should be no other signals or channels transmitted in the synchronisation subframe.

Proposal 5: The D2DSS should consist of:

· Two contiguous symbols of PD2DSS at the centre of the subframe

· Two separated symbols of SD2DSS either side of the PD2DSS.
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