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1
Introduction
D2D synchronization, one of the essential topics applicable to both D2D communication and discovery, has been discussed over the past RAN1 meetings. The working assumption included in the latest TR36.843 [1] is D2D synchronization source transmits D2D synchronization signal. Clearly there are open issues considering for example information carried by D2DSS (or PD2DSCH if defined) and the design of D2DSS signal, as indicated in the following working assumption: 

 “Working assumption: D2D Synchronization Sources transmits a D2DSS that:

· May (FFS) carry the identity and/or type of the D2D Synchronization Source(s)

· Comprises of at least a Primary D2D Synchronization Signal (PD2DSS) 

· PD2DSS is a Zadoff Chu sequence

· Length FFS

· May also comprise of a Secondary D2D Synchronization Signal (SD2DSS)

· SD2DSS is a M sequence

· Length FFS
Working assumption: The concept of Physical D2D Synchronization Channel (PD2DSCH) transmitted by a D2D Synchronization Source should be further discussed. This is not implying that such a channel will be defined. 
The channel may carry information including: 

· Identity of Synchronization Source

· Type of Synchronization Source

· Resource allocation for data and/or control signaling

· Data

· Others (FFS)”
In RAN1 #76bis, the following working assumptions were reached:
Working assumption:
· A synchronization source transmits D2DSS periodically
· D2DSS period is not smaller than 40 ms

· FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios

Working assumption:
· More than one symbol is used for D2DSS transmission in a subframe containing D2DSS

· FFS detailed structure
· FFS the number of PD2DSS symbols in the same subframe
· FFS: Whether SD2DSS is necessary, and if so, how many symbols are used

· FFS: Whether D2DSS can be used to demodulate PD2DSCH if PD2DSCH is supported and transmitted in the same subframe
In this contribution, two open issues are addressed: the necessary information carried by D2DSS or PD2DSCH and D2DSS signal design. 
2
Discussion of D2DSS design
2.1
Information carried by D2DSS
Based on the detected D2DSS, a D2D UE should be able to derive time/frequency information from which the UE can identify the frame/subframe/symbol boundaries and also decode the necessary information if any. As discussed in previous meetings, certain information may be carried by D2DSS or PD2DSCH (if eventually agreed) to facilitate the synchronization process. So far there is no agreement on what kind of information should be carried by D2DSS or PD2DSCH. Here firstly we will discuss the possible information listed in the TR36.843 [1] and then discuss whether there is a need to specify PD2DSCH or not. In this section we analyze the potential needs for the following information that could be carried by D2DSS or PD2DSCH, as identified in [1]: 

•
Identity of Synchronization Source

•
Type of Synchronization Source

•
Resource allocation for data and/or control signaling.
Type of synchronization source
As agreed in RAN1#76 meeting [2], different types of synchronization sources have different priorities. To be more specific, the priority order is: eNB -> in-coverage UEs -> out-of-coverage UEs. A receiving D2D UE is expected to select the suitable synchronization source according to the priority order if more than one synchronization source can be detected. This implies that the information on the type of synchronization sources need to be conveyed to the receiving UE in some form. 
Depending on the considered deployment scenarios, different alternatives can be utilized to deliver such information. For example, in case of FDD cellular system, clearly different spectrum can be used for distinguishing UE-transmitted D2DSS (in UL spectrum) and eNB-transmitted D2DSS (in DL spectrum). However, this method does not apply to the case where the cellular is operated in TDD mode.  
 A simple and straightforward way to convey this information is to allocate different D2DSS sequences to synchronization sources with different priorities. Rel-8 PSS/SSS transmitted by eNB can be used for in-coverage D2D synchronization as agreed in RAN1. D2DSS which is transmitted by D2D UEs is different from PSS/SSS, more detailed discussion in Section 2.2. In this way, the receiving UE can derive the information about type of synchronization source very easily, i.e. just based on the detected sequences without decoding any message or control channels. 
Further as discussed in our companion contribution [3], if assuming that D2DSS can be relayed further, an indication of how many levels of relaying have been performed can also provide indirect information on the expected accuracy of the detected synchronization sources. Such information can also be provided by properly allocating D2DSS sequences, as discussed in Section 2.2. Based on this discussion, we propose:
Proposal 1: The type of synchronization source information should be conveyed by D2DSS and the stratum number of the current D2DSS transmission can be carried as well to provide further accuracy information of the detected synchronization source. 

Identity of Synchronization Source
When evaluating the potential benefits of the introduction of other synchronization source ID indications, one should consider as reference the case where the type of synchronization source is identified. Public safety use cases requiring identification of synchronization source need to be identified as well, for example in case it can be assumed that public safety UEs are configured with IDs of preferred synchronization sources. However, such use cases and the benefit of carrying the ID of the synchronization source on top of the information on the type of synchronization source need to be clearly motivated and analyzed before introducing the corresponding signaling.

Observation 1: Whether D2DSS carrying synchronization source ID information or not is depended on the ProSe requirements and the identified benefits on top of the case where only the type of synchronization source is identified.
Resource allocation for data and/or control signaling
RAN1 has not yet discussed the details of the resource allocation for data and/or control signaling. But generally speaking, resource allocation information is not really targeted for synchronization support and it is not needed during synchronization signal acquisition for D2D synchronization. Moreover, as discussed in [4], forwarding of arbitrary resource allocation information can cause serious conflict that disrupts the out-of-coverage D2D communications. In any case, assuming there are critical situations where it is deemed necessary to share information related to resource allocations, such indications should be limited to restrictions on the pre-configured resource pools, and they can be transmitted using regular D2D broadcast channels, which can be read by UEs after synchronization process. 
Observation 2: Resource allocation for data and/or control signaling is not targeted for synchronization usage and should not be carried by D2DSS or PD2DSCH. 
Based on the discussion above, the information needed to support D2D synchronization is such that it is possible to use D2DSS alone to carry it. The benefits and necessity to specify a new physical channel i.e. PD2DSCH for the purpose of supporting D2D synchronization is not clear.

Observation 3: Clear need and potential benefits should be identified before defining PD2DSCH to support D2D synchronization.
2.2
Synchronization signal design
Based on the discussion in Section 2.1, it is necessary for D2DSS to carry certain information (e.g. type of synchronization source, stratum level etc.) to facilitate D2D synchronization process and differentiate the synchronization sources. Considering the very limited capability of PD2DSS to carry information, and in order to achieve maximal reuse of the already specified LTE cell search procedure, D2D synchronization signal can be designed in such a way that D2DSS is composed of both PD2DSS and SD2DSS. Based on the agreed working assumption, PD2DSS is a Zadoff-Chu sequence and if present, SD2DSS is an M sequence, which are similar to the LTE PSS and SSS respectively. 
Proposal 2: D2DSS should include both PD2DSS and SD2DSS equivalent to PSS & SSS to convey necessary information for D2D synchronization. 
Concerning the waveform design of PD2DSS and SD2DSS, it can be either OFDM based or SC-FDM based, as noted for example in [5]

 REF _Ref385942885 \r \h 
[6]. Below we consider some design choices:

· Alternative 1: OFDM based waveform

· Alternative 1a: the waveform design of PD2DSS and SD2DSS is the same as for cellular PSS and SSS and OFDM is used;

· Alternative 1b: the waveforms of PD2DSS and SD2DSS are OFDM based, and a half tone shift is used;

· Alternative 2: SC-FDM based waveform

· The waveform of PD2DSS and SD2DSS is SC-FDM based, and just as in PUSCH, the half tone frequency shift is used;

One benefit of 1a is that the DL cellular synchronization signal receiver can be fully reused; one drawback is that as the OFDM tones are not fully aligned with other D2D signals/channels if FDM is used to multiplex them with D2DSS and the PUSCH waveform design is used for those D2D signals/channels, there may be inter-tone interference issues. A similar problem can be also noted between D2DSS and cellular signals/channels if FDM multiplexing is used among them.
Furthermore the full reuse of specified PSS/SSS as D2DSS can result in confusion at the receiving UEs, as it would not be able to clearly identify whether the detected PSS/SSS is coming from a D2D synchronization source who is UE or eNB. Moreover, any partitioning of the sequences to be used by different synchronization sources would imply on limitations to cell ID planning. This issue is not present in case the cellular network is operated as FDD, since the PSS/SSS from eNB will be transmitted on DL spectrum while the D2DSS from D2D UE will be transmitted with UL spectrum. Therefore based on the frequency where the synchronization signal is detected, the UE will learn whether the PSS/SSS is for D2D synchronization or for cellular synchronization. However, the issue is present when the cellular network is operated in TDD spectrum. In order to remove the confusion of D2D UEs and avoid the potential impacts on legacy UEs, D2DSS should be different from cellular PSS/SSS in one way or another. 

The most straightforward way is to specify different sequences for D2D usage. Following the same design principle as current specified PSS/SSS, for example, if one PD2DSS is used, one choice of the sequence can be (the PD2DSS in the frequency domain):
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 is the subcarrier index. The value of M for PD2DSS should be different from the ones specified in current LTE (29, 34, 25) in order to differentiate PD2DSS and PSS clearly. It is noted that 29+34=63, so the receiver design can exploit the conjugate relationship between 
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. In a similar way, a suitable M value for PD2DSS can be 38=63-25.
Other mechanisms which have been proposed in the context of New Carrier Type work in 3GPP, for example defining different relative positions for PSS and SSS in D2DSS, either changing the gap between those signals in time domain or swapping their locations could be applied to D2D case. However, it is not clear if such modifications are necessary for D2D synchronization, as it depends, for example, on the number of different sequences required for PD2DSS.
With 1b, on a first look, it seems the ambiguity problem identified above is avoided. For a cellular UE in the connected mode, it continuously tracks the DL transmission from an eNB. When it searches for cellular PSS/SSS, the half-tone shift applied on D2DSS will make the waveform uncorrelated the cellular PSS/SSS and consequently there is little chance for confusion. 
According to the agreed deployment scenarios captured in TR 36.843[7], the initial frequency offset error is within ±10ppm.  Then in the worst case, the frequency offset between two D2D UEs can be at 20ppm x 0.7 GHz = 14 KHz. We note D2DSS is used in all scenarios including out of coverage and partial coverage scenarios. In the out of coverage case, there is no reliable external source which a D2D UE can use to adjust its frequency and reduce its frequency offset.  Consequently the frequency offset issue is not limited to the initial search. As 14 KHz is quite close to a single subcarrier spacing (15 KHz), the half-tone shift provides no useful guard against ambiguity in those cases. The same design considerations for alternative 1a to differentiate between PD2DSS and PSS need to be taken for alternative 1b.   
With Alternative 2, the drawback is that the cellular synchronization signal receiver cannot be reused, and new D2D sync signal receiver needs to be designed. Also correlation property of such a design is not well understood and may require extensive study. 
Besides the design choices in OFDM vs SC-FDM and half tone shift, we also need to decide on the ZC sequence mapping in the frequency domain. As PSS has a length of 63 elements (0, 1, 2, …,, 62) and there are 72 tones in 6 PRBs, there are 10 tones left un-used in the “edge” PRBs.  Element 32 would be mapped to the DC tone if following the previous and next elements’ mapping.  If the same design is borrowed for D2DPSS, then we can think about three alternatives to map the length 63 ZC sequence in the frequency domain.  Refer to Table 1 in Appendix for three options. Option 1 is exactly the same as the PSS; Option 2 maps element 32 to the nominal “DC” tone. Compared to option 1, Option 2 and Option 3 require modification to the existing PSS receiver to make it work for PD2DSS. 
From the above discussion, we have:
Proposal 3: D2DSS uses the OFDM based waveform, i.e. 1a or 1b is adopted to specify D2DSS.
In the previous sections, we discussed the need to include information about the synchronization sources and its operations in the D2DSS transmission. Different sequences can be used for the SD2DSS to carry these type of indications. For example, assuming stratum level information is used for synchronization sources selection, D2DSS sequences can be splitted into multiple groups. If assuming in total there are N sequences, these N sequences can be divided into different groups, for example, 

· the first group of sequence is used by UE with NW coverage i.e. D2DSSnet; 

· the second group of sequences can be used by UEs without NW coverage but that can synchronize to D2DSSnet; 

· and the last group of sequences can be used by UEs without NW coverage and which cannot detect any D2DSS.

It should be point out that group size may not necessarily be the same for each group. In case relaying of out of coverage synchronization is supported as well, the sequence groups have to be defined accordingly as well.
Observation 4: D2DSS should be different from PSS/SSS used in TDD frame structure, in order to avoid bringing negative performance impacts on legacy UEs. One mechanism to differentiate D2DSS from cellular PSS/SSS in TDD frame structure is to use a different sequence for PD2DSS than the ones used for PSS. 

3
Conclusion

In this contribution, firstly we discussed about the necessary information need to be carried by D2DSS or PD2DSCH. Based on the discussion, we have the following proposals and observations:
Proposal 1: The type of synchronization source information should be conveyed by D2DSS and the stratum number of the current D2DSS transmission can be carried as well to provide further accuracy information of the detected synchronization source. 

Observation 1: Whether D2DSS carrying synchronization source ID information or not is depended on the ProSe requirements and the identified benefits on top of the case where only the type of synchronization source is identified.
Observation 2: Resource allocation for data and/or control signaling is not targeted for synchronization usage and should not be carried by D2DSS or PD2DSCH. 
Observation 3: Clear need and potential benefits should be identified before defining PD2DSCH to support D2D synchronization.
As to D2DSS signal design, the following proposal and observation are achieved:  

Proposal 2: D2DSS should include both PD2DSS and SD2DSS equivalent to PSS & SSS to convey necessary information for D2D synchronization. 
Proposal 3: D2DSS uses the OFDM based waveform, i.e. 1a or 1b is adopted to specify D2DSS.

Observation 4: D2DSS should be different from PSS/SSS used in TDD frame structure, in order to avoid bringing negative performance impacts on legacy UEs. One mechanism to differentiate D2DSS from cellular PSS/SSS in TDD frame structure is to use a different sequence for PD2DSS than the ones used for PSS.
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Appendix

ZC sequence mapping options
Table 1 Options for ZC sequence mapping
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