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1 Introduction
In RAN1#78, it was agreed that PD2DSS and SD2DSS occupy 2 time-domain symbols each. Furthermore, it was agreed that PD2DSS and SD2DSS uses SC-FDM without DFT precoding. SD2DSS uses reduced power with respect to PD2DSS with power reduction, but details were left FFS. It was also agreed that PD2DSS uses new root indices with the detailed choice of root indices left FFS. SD2DSS uses the same sequences as R8 SSS. Prior to that, it was agreed in RAN1#77 that the set of D2DSS that can be transmitted by a UE is divided into 2 groups, D2DSSue_net and D2DSSue_ooc.

Our companion contributions [1][2] present our views on PD2DSCH remaining details and the D2D synchronization and re-synchronization procedures.
In this contribution we discuss the remaining open details to finalize the R12 D2DSS design,

· PD2DSS and SD2DSS symbol locations in a subframe

· Multiplexing of D2DSS symbols and PD2DSCH in a subframe

· Distinction between D2DSSue_net and D2DSSue_ooc
· Root indices selection for PD2DSS

· SD2DSS power offset
· Number of D2DSS identifiers
2 Discussion
It was agreed in RAN1#78bis that D2D Communication UEs which transmit D2DSS will also transmit PD2DSCH for the in-coverage and out-of-coverage case. In-coverage UEs participating only in D2D Discovery do not transmit PD2DSCH. In addition, the periodicity of PD2DSCH, if transmitted, is the same as that of D2DSS, i.e. 40 ms.
In consequence, PD2DSCH will then occupy the remaining 7 time-domain symbols which are not occupied by D2DSS in a synchronization subframe and when accounting for 1 guard symbol at the end of the subframe. When transmitted in the center 6 RBs and when occupying these remaining 7 time-domain symbols, PD2DSCH offers a good link budget while carrying a limited size payload size in the range of 25-35 bits before CRC.
PD2DSS and SD2DSS symbol locations and subcarrier mapping
In our view, PD2DSCH should use DMRS on time-domain symbols #4 and #11 for demodulation, i.e. reuse of R8 LTE principles for coherent demodulation of PUSCH. The availability of the fixed known DMRS sequences in the D2D synchronization subframes also has the beneficial side effect that it allows to improve upon UE acquisition performance in presence of very large initial frequency offsets. Both D2DSS and DMRS can be exploited by D2D UE receiver design to determine the frequency offset and acquire oscillator lock.
Therefore, it can be avoided to introduce PD2DSS sequences with optimized or improved time/frequency functions which would result in re-visiting earlier RAN1 D2D agreements and also result in much addition specification effort.
PD2DSS and SD2DSS should be carried in adjacent symbol positions like done for R8 LTE. Such an approach has the advantage that existing LTE UE acquisition algorithms can be re-used. We note that this includes the possibility to use either coherent or non-coherent detection algorithms for initial synchronization and acquisition. Placing the two PD2DSS and SD2DSS symbol pairs far apart in the subframe is a good choice in order to maximize the frequency resolution range.
It is of particular importance to consider the SD2DSS symbol positions. Placing the SD2DSS at the beginning and at the end of D2D synchronization subframe into the first and last symbol respectively mitigates the effect of SD2DSS affecting their preceding and following symbols due to power ramp up/down (Figure 1).

This effect would be particularly detrimental when SD2DSS are place next to the DMRS. Inevitably, subframe transmission time masks and power ramp up/down affect the first and last symbol of any LTE subframe. Placing SD2DSS into symbol #1 and #13 allows to absorb the SD2DSS power backoff more easily. Note that in presence of subframes using intra-subframe frequency hopping, placing the SD2DSS into symbol #7 and #8 would be another possible choice due to RF reconfiguration required at the end of the first timeslot. Given that D2DSS and PD2DSCH in D2D synchronization subframes will be transmitted only the center 6 PRBS for the entire subframe duration, this affect however is not relevant.
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Figure 1: Proposed Primary and Secondary D2DSS symbol mappings
While it can be said that placing the 2 PD2DSS symbols adjacently may offer the potential for implementing symbol search based detection algorithms, we think that D2DSS detection complexity in a given subframe is not much of a concern based on existing R8 PSS/SSS detection principles. D2DSS design should rather permit minimizing the number of D2D synchronization subframes that a D2D Communications transmitter UE is forced to track and acquire other synchronization sources in vicinity.

In order to minimize the design delta of supporting D2D when compared to LTE, we also think that it is beneficial to re-use the existing R8 RE mapping for PSS and SSS “as is”. It is one consequence of such an approach that even/odd subcarrier mapping of SD2DSS would then in principle allow a distinction between FDD and TDD upon initial acquisition, even though we think band-specific configuration will at least in R12 not require to detect FDD vs. TDD ProSe carriers.

Proposal 1

PD2DSS is carried on symbols #2/#12 and SD2DSS on symbols #1/#13 in D2D synchronization subframes.

Proposal 2

PD2DSS and SD2DSS reuse R8 LTE RE mapping.

Root indices selection for PD2DSS and distinction between D2DSSue_net and D2DSSue_ooc

In order to keep D2DSS detection complexity low, PD2DSS should allow for a distinction between out-of-coverage ProSe transmitter UEs (D2DSSue_ooc) versus in-coverage D2D Communications UEs (D2DSSue_ooc) versus D2D Discovery only UEs. This can be done by using 3 distinct root sequences for PD2DSS. SD2DSS will then allow to distinguish 168 D2D identifiers.
It is one consequence of such a design approach, that UEs support D2D Discovery only will only need to implement PD2DSS detection capability for the 3rd PD2DSS root sequence indicating Discovery. Similarly, D2D Communications UEs not configured or not supporting D2D Discovery will not need to detect the 3rd PD2DSS root sequence indicating Discovery.

It has been suggested that the new complex conjugate root indices {26, 37} offer good cross-correlation properties for UE detection in presence of large initial frequency offsets. We concur with that assessment. In consequence, we think that the set of (new) root indices {26, 37} for D2D Communications and the extra root index {22} for D2D Discovery can be used.
Proposal 3:

PD2DSS uses (new) root indices {26, 37 and 22}.

Proposal 4:

PD2DSS root indices distinguish between D2D Communication and D2D Discovery, i.e. root indices {26, 37 and 22} indicate D2DSSue_ooc, D2DSSue_net and Discovery respectively.
Number of D2DSS identifiers

In order to minimize design changes when compared to R8 LTE SSS, we propose to allow for 168 different root sequences on SD2DSS. In consequence, to obtain a total number of 504 possible D2DSS identities similar to the 504 possible R8 LTE Cell IDs, it is most straightforward to place 2 additional bits inside the PD2DSCH as D2DSS complement in the form of 2 explicit bits.

This approach has the advantage that in-coverage D2D Communication UEs can derive the D2DSS identity from the serving Cell ID. Similarly, out-of-coverage ProSe transmitters can benefit from up to 504 distinct D2DSS identities.
A D2D Communications UE will decode both SD2DSS and PD2DSCH to obtain the D2DSS identifier, i.e. the serving Cell ID in case of in-coverage transmitter UEs.
Due to absence of PD2DSCH for in-coverage D2D Discovery UEs, either because they only support Discovery as by UE capability, or when configured to only use Discovery in the serving cell, these UEs will only be able to benefit from 168 distinct D2DSS identities. We think this limitation is not prohibitive.
Proposal 5:
SD2DSS re-uses the 168 distinct root sequences.
Proposal 6:
Up to 504 distinct D2DSS identities are obtained by combining 168 distinct SD2DSS sequences with 2 explicit bits carried on PD2DSCH.
SD2DSS power offset compared to PD2DSS and D2D synchronization subframe power relationships
When considering the need to and the question which power offset to specify between SD2DSS and PD2DSS, we think it critical to consider the UE transmitter perspective independently from the UE receiver perspective.

Clearly, moving away from the LTE principle that all time-domain symbols in the UL subframe nominally employ the same Tx power level in any given subframe is somewhat undesirable, but cannot be avoided altogether due to the SD2DSS sequences. Still, PD2DSS and PD2DSCH carrying symbols can and should use the same Tx power level.

From the UE transmitter perspective, it can be left to implementation which exact power offset a D2D transmitter employs when sending a D2D synchronization subframe. We note that depending on which particular SD2DSS is sent as a function of the particular D2DSS identifier dependent generating sequence, optimizations are possible in terms of which instantaneous backoff values can be employed for the SD2DSS symbols, i.e. different backoff values are perfectly possible. Still, it may be desirable to impose a maximum possible SD2DSS power backoff value.
From the UE receiver perspective, a receiving D2D UEs will need to know or at least make an assumption on the power relationship between PD2DSS/PD2DSCH/DMRS and SD2DSS for a wide range of practical synchronization algorithms. This implies that instantaneous transmitter side UE power backoff variations in D2D synchronization subframes are undesirable.
In summary, we think that an appropriate SD2DSS power backoff value should be determined in RAN4, and this value should be fixed in D2D specifications. We note that significantly reduced D2DSS power backoff values, i.e. order of 2dB only may be achievable if the number of allowed SD2DSS is reduced to less than 168 and selecting an optimal subset. For this case, a larger Cell ID mapping space, i.e. up to 504 can still be provided through the use of more explicit bits in the PD2DSCH.
Proposal 7:
PD2DSS, PD2DSCH and DMRS symbols use the same Tx power levels in a D2D synchronization subframe.

Proposal 8:
SD2DSS symbols use a fixed known power level offset when compared to PD2DSS.

3 Conclusion

In this contribution we discuss the remaining open details to finalize the R12 D2DSS design.

In summary, we propose:
1. PD2DSS is carried on symbols #2/#12 and SD2DSS on symbols #1/#13 in D2D synchronization subframes.

2. PD2DSS and SD2DSS reuse R8 LTE RE mapping.

3. PD2DSS uses (new) root indices {26, 37 and 22}.

4. PD2DSS root indices distinguish between D2D Communication and D2D Discovery, i.e. root indices {26, 37 and 22} indicate D2DSSue_ooc, D2DSSue_net and Discovery respectively.

5. SD2DSS re-uses the 168 distinct root sequences.

6. Up to 504 distinct D2DSS identities are obtained by combining 168 distinct SD2DSS sequences with 2 explicit bits carried on PD2DSCH.

7. PD2DSS, PD2DSCH and DMRS symbols use the same Tx power levels in a D2D synchronization subframe.

8. SD2DSS symbols use a fixed known power level offset when compared to PD2DSS.
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