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1. Introduction
This contribution discusses detailed design of D2DSS based on the agreements in RAN1#78. 
Agreements:

· 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

· For reception, in-coverage UEs may need D2DSS from another in-coverage UEs for time/freq. synchronization in some inter-cell scenarios

· Within a subframe, D2DSS symbol location is fixed for a given CP length
· For PD2DSCH,

· Only transmitted from synchronization source

· QPSK modulation

· TBCC

· 16bits CRC

· Message scrambling sequence is derived from PSSID

· Multiplexed in the same PRBs with D2DSS

· FFS: Symbols used only for D2DSS and PD2DSCH within a subframe

Before discussing details of D2DSS, it needs to be clarified what the agreement “Same sequence as Rel-8 SSS” means. SSS sequence transmitted in a symbol is generated by interleaving two m-sequences after scrambling each m-sequence with other m-sequences. On the other hand, from the following working assumption, “SD2DSS sequence” has been understood as the sequences used for the SD2DSS generation, not the exact transmitted signal. Discussion in this paper will be based on this understanding.
Working Assumption (RAN1#74bis):

· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS

2. D2DSS structure
A. Symbol location of D2DSS
As discussed in our companion contribution [1], if PD2DSCH and D2DSS are multiplexed in a subframe, it is desirable that D2DSSs are located at each end in a subframe for better channel estimation performance of PD2DSCH if it is demodulated with the current PUSCH DM RS. In addition, it is preferable to locate PD2DSS in the consecutive symbols in order to allow the implementation where the UE compensates the frequency offset (remaining after the hypothetical PD2DSS detection, for example) by comparing the two adjacent PD2DSS symbols and detects SD2DSS with a better performance. Furthermore, if any transient period is necessary around SD2DSS symbols to reduce SD2DSS transmission power, placing SD2DSS in consecutive symbols can minimize the impact of such transient period. Figure 1 shows symbol location of subframe which includes D2DSS, PD2DSCH, DMRS for PD2DSCH and GAP symbol. If the AGC in the first symbol causes a problem, PD2DSS symbols may be shifted (e.g., (#1, #2) for normal CP, (#3, #4) for extended CP).
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Figure 1. D2DSS subframe structure
Proposal 1: The symbol location of D2DSS subframe follows Figure 1.

In Figure 1, we assume current PUSCH DMRS is used to demodulate PD2DSCH. Another alternative of demodulation reference signal for PD2DSCH is to use D2DSS (PD2DSS and/or SD2DSS), but some issues should be solved for this option. The first is which D2DSS is used to demodulation reference. A UE can receive PD2DSS from different sync sources transmitting different PD2DSCH content, but due to the limited number of PD2DSS root indices, it is possible that PD2DSS from these different sync sources fortuitously have the same root index. PD2DSCH channel estimation cannot work properly in this case, so, if D2DSS is used to demodulate PD2DSCH, it is desirable to use only SD2DSS, which has much larger number of sequences, for channel estimation. The second issue is symbol location of SD2DSS to acquire better channel estimation performance and/or lower implementation complexity. When the SD2DSS is used for the demodulation of PD2DSCH, it seems desirable to use the PUSCH DM RS location which was decided to provide the best channel estimation performance. In [1], PD2DSCH performance when DMRS or SD2DSS is used as demodulation reference signal for PD2DSCH is provided. According to that simulation result, if reduced power mechanism is introduced, channel estimation using DMRS has merits in terms of performance and complexity. 
B. SD2DSS sequence generation

In last meeting, we agreed that same sequence as Rel-8 SSS is used for SD2DSS, but we should consider some issues for SD2DSS sequence generation because there are some differences between downlink synchronization and D2D synchronization. According to the current specification, the total number of possible SSS sequences transmitted in a symbol is 1008, and the Rel-8 SSS sequence generation depends on the physical-layer cell-identity group (i.e., 
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, 0~167), physical-layer identity (i.e., 
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, 0~2) and subframe index (i.e. 0 or 5). SD2DSS sequence can be generated by following the same process: The parameters 
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 can be derived from the PSSID but the range of 
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 is dependent of K, the number of PD2DSS root indices. An example of deriving these parameters would be 
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Regarding subframe index, subframe-specific SSS sequence was needed for radio frame detection in Rel-8, while radio frame detection may be performed in a different way in D2D, e.g., by using difference in the PD2DSS and/or SD2DSS location in the two slots. On the other hand, power allocation for the two SD2DSS symbols need to be considered because, if the two SD2DSS symbols use different SD2DSS sequences, PAPR characteristics of the two symbols can be different. Such different PAPR of SD2DSS sequences may lead to different transmit power in the two SD2DSS symbols in the power limited cases, which have negative impact on the overall D2DSS coverage and the D2DSS measurement (power measurement or channel estimation).

In order to avoid using different power in different SD2DSS symbols, the following options can be considered:

- Option 1: Different SD2DSS sequences are used in the two symbols (e.g., one with the SF #0 SSS format and the other with the SF #5 SSS format) but the TX UE uses the same transmission power in the two symbols. This means that, in the power-limited case, the TX UE backs off the SD2DSS transmission power considering the highest PAPR of the two symbols.

- Option 2: The same SD2DSS sequence is used in the two symbols. In this case, for a given PSSID, the one yielding the lowest PAPR can be chosen between the SF #0 and #5 SSS formats.

We have evaluated PAPR values for Rel-8 SSS sequences, which is depicted in Figure 2. Figure 2 simulated CDFs of PAPR for 
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, respectively. In these figures, ‘IDwiseMin’ is a CDF of lower values between PAPRs of two sequences, and each sequence is generated by different subframe index (i.e. #0/#5) under the same 
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. (‘IDwiseMax’ is a CDF of higher values between PAPRs of the two sequences.) Table 1 in appendix shows 
[image: image13.wmf](1)

ID

N

lists which has lower PAPR between the two formats generated by the two subframe indices.
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Figure 2. PAPR of SSS sequences with fixed 
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 (= 0,1,2) for a sampling rate of 30.72 MHz.
Observing the difference in the CDF of PAPR of the maximum and minimum between the SF #0 and #5 SSS formats, Option 2 seems a better solution 
Proposal 2: For SD2DSS sequence generation, parameters (e.g., 
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and subframe index 0/5) used in Rel-8 SSS sequence generation could be fixed.
C. Root index of PD2DSS & D2DSS grouping
Regarding the number of root indices of PD2DSS, the first question would be whether multiple indices are necessary for PD2DSS because increasing number of indices means more PD2DSS detection error. Considering the lack of PD2DSS symbol density in time (at most 2 symbols in 40 ms), it is desirable to use a small number of indices and using only one index should be the baseline. This baseline is also beneficial in terms of the UE implementation complexity as a D2D UE needs to track multiple sync sources especially when operating outside the network coverage.
Proposal 3: The number of root indices for PD2DSS is 1.
Using multiple (2 or 3) root indices may be motivated by the mitigation of PD2DSS collision. If this motivation is justified enough, it should be possible that all the PD2DSS root indices are used in any deployment scenario because PD2DSS collision issue is independent of the deployment scenarios. To be specific, all the PD2DSS indices should appear in each of the two D2DSS groups, i.e., D2DSSue_net and D2DSSue_oon. Assuming that PD2DSS and SD2DSS sequences are derived from PSSID (physical synchronization source ID) ranging by the same way of PSS/SSS generation from the cell ID, the following can be considered as examples for the D2DSS grouping: (In this example, we assume that same sequence is mapped on SD2DSS symbols in a subframe and “Y” determines the ratio of D2DSSue_net size to D2DSSue_oon size. (e.g., net:oon=1:2, then Y = 3))
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Proposal 4: The relation between PSSID and PD2DSS/SD2DSS sequence reuses that between cell ID and PSS/SSS sequence. PSSID determines whether the D2DSS belongs to D2DSSue_net or D2DSSue_oon.
D. SD2DSS power reduction compared to PD2DSS power
In last meeting, power reduction of SD2DSS (respect to PD2DSS) was agreed to mitigate PAPR of SD2DSS. The power reduction mechanism can be specified by specification or performed by implementation. If that mechanism is specified in the specification, further studies are needed. For example, RAN1 should decide how much to reduce, which sequence to reduce, and when to reduce. Considering remaining time of D2D WI, it is desirable that power reduction of SD2DSS is performed by implementation. We note that same power should be guaranteed between SD2DSS symbols in a subframe for measurement and detection as discussed above.
Proposal 5: The power reduction of SD2DSS is performed by implementation. The same power is allocated on each SD2DSS symbol in a subframe.
E. Measurement of D2DSS

In RAN1#76bis, it was agreed that an out-NW UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm. Thus, it needs to be defined how this D2DSS measurement is done. First, the PAPR of PD2DSS and SD2DSS can be different leading to different power backoff in the two sequences from the same UE, so it is desirable to select one for the measurement. As mentioned above, a UE can receive overlapped PD2DSSs which have same index from different synchronization sources and cannot distinguish them. On the other hand, the number of SD2DSS sequence candidates may be 168, so the measurement based on SD2DSS provides more accurate estimate for the pathloss between two UEs. 
Proposal 6: The D2DSS measurement is performed on SD2DSS(s).
3. Conclusion
This contribution discussed the detailed design of D2DSS. It can be summarized as follows:
Proposal 1: The symbol location of D2DSS subframe follows Figure 1.

Proposal 2: For SD2DSS sequence generation, parameters (e.g., 
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and subframe index 0/5) used in Rel-8 SSS sequence generation could be fixed.

Proposal 3: The number of root indices for PD2DSS is 1.

Proposal 4: The relation between PSSID and PD2DSS/SD2DSS sequence reuses that between cell ID and PSS/SSS sequence. PSSID determines whether the D2DSS belongs to D2DSSue_net or D2DSSue_oon.

Proposal 5: The power reduction of SD2DSS is performed by implementation. The same power is allocated on each SD2DSS symbol in a subframe.

Proposal 6: The D2DSS measurement is performed on SD2DSS(s).
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