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1. Introduction
This contribution discusses detailed design of D2DSS based on the existing agreements. 
2. D2DSS structure
A. Symbol location of D2DSS
As discussed in our companion contribution in last meeting [1], 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 could be to use D2DSS (PD2DSS and/or SD2DSS), but it is not feasible under the existing agreements. The same D2DSS for discovery and communication can be transmitted by different UEs in a same resource, and a UE participating only in a discovery does not transmit PD2DSCH. So, if D2DSS is used as demodulation reference of PD2DSCH, channel estimation cannot work properly because D2DSS from UE transmitting only discovery interferes with channel estimation for PD2DSCH. Even if the interference to the channel estimation can be solved by a certain method, using D2DSS for demodulation is not so beneficial in terms of the performance. The results in [1] showed that, if reduced power mechanism is introduced to SD2DSS, channel estimation using DMRS has merits in terms of performance and complexity. 
B. SD2DSS sequence generation

It was agreed that same sequence as Rel-8 SSS is used for SD2DSS. 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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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 or by using the difference of PD2DSS root indices which will be discussed later. 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.

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 
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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
RAN1 made the following working assumption on the PD2DSS root index in RAN1#77 meeting:
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 

At the time of this working assumption, the baseline for PS D2D was to use the center frequency of 700 MHz. However, RAN4 now defines E-UTRA PS D2D operating bands, and Band 7 (UL: 2500MHz-2570MHz) is included in those bands in [2]. According to the RAN4 feedback, the initial frequency offset of each UE is within +/-10 ppm and the maximum frequency offset in a D2D link (between TX UE and RX UE) is +/-20 PPM. This leads to +/- 50 kHz maximum frequency offset in Band 7, so the PD2DSS root index design should be considered so that the synchronization performance can be attained with reasonable complexity. 

Frequency offset can be compensated by the hypothetical PD2DSS detection, i.e., the UE calculates the PD2DSS detection metric assuming multiple different frequency offset values and takes the one with the highest metric. In this contribution, hypothesis level of X means that UE performs PD2DSS detection procedure X times on each timing candidate with X different hypothesis on the frequency offset. This hypothesis level of X basically means that the UE assumes X different PD2DSS sequences in the detection, so it is utmost important to minimize the hypothesis level for the minimal UE complexity and synchronization latency.

It was proposed in [3] that to use different PD2DSS root indices in the two symbols in a subframe. This can improve the PD2DSS detection performance especially under a large frequency offset because different ZC sequences have different characteristics in the time shift yielding high side peak. In order words, when a large frequency offset gives a high correlation with the first PD2DSS at a wrong time location, it will give a low correlation with the second PD2DSS. The UE can take advantage of this diversity effect in the correlation results in deciding the time location of the received PD2DSS.

Figure 3 shows PD2DSS detection performance when a frequency offset is uniformly distributed within [-10,10] ppm at the transmitter and receiver, and 2.5GHz carrier frequency is assumed. Frequency offset hypotheses for this simulation are as follows; hypothesis level 5 (-40, -20, 0, 20, 40kHz), hypothesis level 6 (-41.5, -24.0, -8.3, 8.3, 24.9, 41.5kHz) and hypothesis level 7 (-42.84, -28.56, -14.28, 0, 14.28, 28.56, 42.84). Root indices of {26,37} are assumed, and “same” means same sequence by same root index is mapped on each PD2DSS symbol (i.e. 26 (or 37) for 1st and 2nd PD2DSS symbol) and “different” means different sequence by different root index is mapped (i.e. 26 (or 37) for 1st and 37 (or 26) for 2nd PD2DSS symbol). We note that better performance can be obtained if only one “PD2DSS root index pattern” is defined because the UE has the exact knowledge on the PD2DSS sequence to detect in this case. The “xSF” means PD2DSS detection is performed on “x” D2DSS subframes, and error is counted when there is no detection success during “x” subframes.  
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Figure 3. PD2DSS detection performance on 2.5 GHz carrier frequency
From this figure, error floor is observed even with hypothesis level 7 if the same root index is used in the two symbols. On the other hand, hypothesis level 6 can provide reasonable performance (e.g., error probability less than 10% at -7 dB SNR with using two D2DSS subframes). Considering performance in high frequency offset and the complexity in the UE implementation, different root indices should be used for each PD2DSS symbol.

Proposal 3: Different root indices should be used for each PD2DSS symbol.

D. SD2DSS power reduction compared to PD2DSS power
In RAN1#78 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 4: The power reduction of SD2DSS is performed by implementation. The same power is allocated on each SD2DSS symbol in a subframe.
E. Measurement for D2D synchronization
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 which signal is measured by D2D UE. As mentioned above, D2DSSs for discovery and communication can be multiplexed in a same resources, this causes fluctuation of measured signal strength due to different transmission period between discovery and communication. So, the solution for stable measurement should be studied. One of the possible solutions is to measure PD2DSCH DMRS, if existing PUSCH DMRS is reused for PD2DSCH demodulation. Details of D2D measurement can be found in our companion contribution. [4]

Another issue is how to define the UE operation when measurement result is higher than threshold but PD2DSCH cannot be decoded. In this situation, it is desirable that the UE become a D2D sync source, because the UE doesn’t know any information for D2D operation (except timing). For solving this problem, another metric (e.g. PD2DSCH decoding success/fail) to measure link quality can be considered, or RSRQ concept (which can reflect interference environment) instead of RSRP can be used for measurement. More details of this issue can also be found in [4].
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: Different root indices should be used for each PD2DSS symbol.
Proposal 4: The power reduction of SD2DSS is performed by implementation. The same power is allocated on each SD2DSS symbol in a subframe.
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Table 2. Simulation parameters of Figure 3
	Parameter
	Value

	Center frequency
	2.5 GHz

	Antenna configuration
	1 Tx, 2 Rx

	Channel model
	ITU UMi NLOS (TR 36.843)

	UE speed
	Dual mobility 60 x 60 km/h

	PD2DSS detection
	Per-symbol chip-level correlation, non-coherently combining the correlation of across symbols

	Number of PD2DSS 
	1 (#0,#1)

	Frequency offset
	Uniformly distributed within [-10,10] ppm and independently generated for Tx and Rx.
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