Nokia Internal Use Only
Nokia Internal Use Only

3GPP TSG RAN WG1 Meeting #78
                                R1-143253
Dresden, Germany, August 18-22, 2014
Agenda item:

7.2.3.3.2
Source:
Nokia Networks, Nokia Corporation 
Title:
D2D synchronization signal design
Document for:

Discussion and Decision

1
Introduction
In RAN #77, the following working assumptions were reached:

Working Assumption:

· 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 

In this contribution, we focus on the waveform design of PD2DSS.
2
Discussion
From RAN1 #77, we still have two open issues concerning PD2DSS waveform design:

1. whether the same root indices as for Rel-8 PSS are used for PD2DSS or not;

2. whether PD2DSS is OFDM or SC-FDM without DFT precoding. In another word, we need to decide whether the half-tone shift is used or not in the generation of PD2DSS.

Below we consider some design choices:

· Alternative 1: 
· The waveform of PD2DSS is OFDM based;

· Alternative 2:  
· The waveforms of PD2DSS are OFDM based, and a half tone shift is used. 

One benefit of Alt. 1 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 from an eNB. Moreover, any partitioning of the PSS/SSS 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 on UL spectrum. Therefore based on the frequency where the synchronization signal is detected, the receiving 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. 
In one approach, one may be tempted to leave the task of differentiating a pair of cellular PSS/SSS and PD2DSS/SD2DSS to the design of SD2DSS, and assumes the full reuse of PSS design brings no harm. However, this approach is conditioned on the assumption that in case a PSS waveform is detected but a SSS is not detected at the right location with respect to PSS, then a receiving UE can quickly determine that the detected PSS is from a D2D UE not from an eNB.  Since Rel-8, PVS (Precoding Vector Switching) has been considered for the transmission of PSS/SSS. The third aprooach, which provides the most straightforward solution, is to secify different sequences for D2D usage. Following the same design principle as current 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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where 
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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. 
Considering the waveform design, with Alt. 2, 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 [1], 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 Alt. 1 to differentiate between PD2DSS and PSS need to be taken for Alt. 2.   
From the above discussion, we have:
Proposal: Different root indices are used to differentiate PSS and PD2DSS.
3
Conclusion

In this contribution, we discuss the waveform design of PD2DSS. We have   
Proposal: Different root indices are used to differentiate PSS and PD2DSS.

References

[1] 3GPP TR 36.843, Study on LTE Device to Device Proximity Services: Radio Aspects, V12.01, March 2014.
Nokia Internal Use Only
Nokia Internal Use Only

_1452350179.unknown

_1456913267.unknown

_1456913271.unknown

_1452349250.unknown

