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1. Introduction
In the previous meeting, we achieved the following agreements on synchronization signal and channel design [1]:
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

We also had some discussion on resource allocation for synchronization signals and channels. However, no solid conclusions were agreed on. In this paper, we discuss several remaining issues on D2DSS and PD2DSCH resource allocation
2. Discussion and analysis
2.1. D2DSS transmission and reception resource allocation
At the previous meeting, we discussed the possible D2DSS transmission configuration method by defining D2DSS resource period and transmission period. Whether to have same configurations between D2D discovery and communication was the most concerning issue during the discussion.

To facilitate the discussion we also need to clarify: Are D2DSS/PD2DSCH always transmitted as configured, or transmitted only if the UE wants to transmit D2D discovery message or communication? From the discussion in the previous meeting, it may be the understanding of some companies that the D2D resource period and transmission period can be different, which means the D2DSS/PD2DSCH transmission could be driven by discovery message or data. However, the UE behavior is still not clear enough. More discussion can be found in our companion contribution [2].

Hence we suggest:
Proposal 1: D2DSS and PD2DSCH transmission behavior need to be clarified between the following two opinions: (a) always transmitted based on the resource configuration (b) driven by the discovery message or data.
Beside D2DSS transmission resource allocation, in our view, we also need to address resource allocation of D2DSS reception. This is especially out of consideration of in-coverage UEs. When trying to detect the D2DSS transmitted by other in-coverage UEs in the same serving cell or neighbor cells, blindly scan all the possible time/frequency locations is not an efficient design. So resource allocation for D2DSS reception needs further study as well. The rate matching assumption can also be affected. For in network UEs, a simple example is to define a time domain reception resource pool using the serving cell timing as a reference. 
Another question is whether this configuration ought to be cell-specific or UE-specific. On one hand the common pool would benefit and ease the implementation and maximize the possible detected timing reference. On the other hand, if the network desires to have some flexibility of controlling the visibility among D2D UEs out of some reasons, UE-specific configuration may be considered. Thus our opinion is: 

Proposal 2: For in-coverage UE, both D2DSS transmission and reception resource allocation need to be considered. Further study to employ cell-specific or UE-specific signaling.
2.2. The coupling between D2DSS and PD2DSCH
With respect to the occurrence of D2DSS and PD2DSCH, it seems that there has no clear common understanding between the companies. Hence the question is:

For a given UE, is PD2DSCH always transmitted when D2DSS is transmitted?
One possible understanding is that D2DSS could be used as a preamble for reception of data or discovery messages. In this case, the D2DSS can facilitate the clock adjustment and AGC training very well. It is not necessary for the PD2DSCH to be always transmitted with D2DSS as the receiver may already have acquired all the information carried in PD2DSCH before.
Another option is to assume PD2DSCH is always coupled with D2DSS. This can make the design simpler as the receiver could always be aware of the exact rate matching assumption when decoding discovery message or data. But this costs some unnecessary resource overhead.

Proposal 3: The coupling between D2DSS and PD2DSCH needs to be clarified on both transmitter side and receiver side.

2.3. D2DSS symbols location
It was agreed that the number of symbols used by PD2DSS and SD2DSS are both 2. Then we discuss in this section on how D2DSS symbols (2 for PD2DSS) and 2 for SD2DSS are located in a TTI.
When choosing symbol locations, we need to take into account the channel estimation performance as the D2DSS can also serve this purpose. Furthermore, the potential intra-cell and inter-cell interference to WAN signal are also important factors to consider. More specifically, the transmission of D2DSS may have impact on UCI carried in PUSCH, which has higher priority than data. The UCI in PUSCH scheduled for WAN UL transmission may be interfered by an intra-cell UE due to the in-band-emission or by some inter-cell UEs. Since the D2D UE’s transmission power can be as high as 31 dBm level in some occasions, we think this impact cannot be ignored.

As illustrated in Figure.1, Symbol #3 and #10 are used for carrying DMRS, around which ACK/NACK are transmitted in Symbol #2, #4, #9 and #11. Next to ACK/NACK, RI are located on Symbol #1, #5, #8 and #12. The last Symbol #13 is empty for gap. Since CQI/PMI could possibly appear in any of the symbols except the two used by DMRS, they are not reflected in this figure. Therefore, in light of not contaminating WAN UCI in PUSCH, the Symbol #0, #6 and #7 are vacant for usage of carrying D2DSS. Considering RI’s priority could be lower than that of ACK/NACK, Symbol #1, #5, #8 and #12 can also be candidates for D2DSS transmission.
Proposal 4: For normal CP length, Symbol #0, #6 and #7 should be used for D2DSS transmission. Symbol #1, #5, #8 and #12 could also be considered as complementary as we have already agreed on that 4 symbols are needed.


[image: image1.emf]                                                                                     Figure.1 Symbol locations for UCI and D2DSS
2.4. D2DSS multiplexing between UEs
The current PSS has three candidates mainly because the traditional Macro eNodeB operates 3 co-located sectors. Thus 3 candidates are just sufficient to make the PSS from these different cells orthogonal. However, the number of D2D users in a certain area is assumed to be so large that the original assumption for PSS does not stand any more. In this sense, more PD2DSS sequence candidates or better orthogonality are needed to fulfill the large UE capacity is required by Rel.12 D2D ProSe.
One possible way is to expand the PD2DSS sequence space by employing more new root indices. All the PD2DSS candidates are CDMed as the same way as PSS. If the space of PD2DSS candidates is not large enough, which leads to a significant risk that different nearby UEs may use same sequence, other multiplexing options, such as TDM can be considered. However, the detection complexity grows at the receiving UE as more TDM resources are configured for D2DSS transmission.
Proposal 5: If the sequence candidate space of PD2DSS is not large enough, other multiplexing methods could also be considered.
2.5. D2DSS and PD2DSCH multiplexing
D2DSS and PD2DSCH could be multiplexed in the same TTI or distributed in different subframes. The former option is simpler from the whole system of view. The receiver has a clear understanding of the rate matching without any additional signaling. Whereas, the latter option may require some scheme to guarantee the transmitter and receiver behavior be consistent in terms of rate matching between D2DSS and data, or between PD2DSCH and data if PD2DSCH does not occupy all the resource of the 6 PRBs. In our view, how many bits are carried by PD2DSCH plays a vital role of determining the multiplexing method. There are only (14-1-4-2) = 7 symbols left other than 1 symbol gap, 4 symbols D2DSS and 2 Symbols DMRS. If the 2 Symbols DMRS could be replaced by D2DSS, two more symbols are available for PD2DSCH, which makes the totally usable SC-FDMA symbols number 9. Besides, the discussion in section 2.2 is also relevant of the resource allocation method used for D2DSS and PD2DSCH multiplexing.
Proposal 6: To determine the multiplexing method between D2DSS and PD2DSCH, follow factors/question need to be taken into consideration: (a) clarification of the coupling between D2DSS and PD2DSCH, and (b) whether 7 or 9 symbols can meet the requirements of PD2DSCH performance.
3. Conclusion
In this contribution, we share our views on some remaining issues of resource allocation for D2DSS and PD2DSCH. The following proposals are highlighted:
Proposal 1: D2DSS and PD2DSCH transmission behavior need to be clarified between the following two opinions: (a) always transmitted based on the resource configuration (b) driven by the discovery message or data.
Proposal 2: For in-coverage UE, both D2DSS transmission and reception resource allocation need to be considered. Further study to employ cell-specific or UE-specific signaling.
Proposal 3: The coupling between D2DSS and PD2DSCH needs to be clarified on both transmitter side and receiver side.

Proposal 4: For normal CP length, Symbol #0, #6 and #7 should be used for D2DSS transmission. Symbol #1, #5, #8 and #12 could also be considered as complementary as we have already agreed on that 4 symbols are needed.

Proposal 5: If the sequence candidate space of PD2DSS is not large enough, other multiplexing methods could also be considered.

Proposal 6: To determine the multiplexing method between D2DSS and PD2DSCH, follow factors/question need to be taken into consideration: (a) clarification of the coupling between D2DSS and PD2DSCH, and (b) whether 7 or 9 symbols can meet the requirements of PD2DSCH performance.
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