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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The Device-to-Device Synchronization Signal (D2DSS) consists of a Primary D2DSS (PD2DSS) and a Secondary D2DSS (SD2DSS). Several related working assumptions have been made, yet many fundamental issues remain to be decided, including:
· D2DSS information content
· Number of PD2DSS sequences
· Number of SD2DSS sequences
· PD2DSS design 
· OFDM or SC-FDMA waveform
· Root indices of the PD2DSS sequence
· Number of and location of PD2DSS symbols
· SD2DSS design
· OFDM, SC-FDMA or SC-FDMA with DFT precoder waveform
· M-sequence details
· Number of and location of SD2DSS symbols
· PD2DSS and SD2DSS antenna port definition
[bookmark: _Ref129681832]In this contribution, we report extensive simulation results in order to finalize the signal design. In Sec. 2, we discuss the information content of the D2DSS while Sec. 3 and Sec. 4 encompass evaluations of several PD2DSS and SD2DSS performance measures, respectively. Sec. 5 contains a discussion on the findings leading to the proposals in Sec. 6. 
Information carried by the D2DSS
The D2DSS should only include essential information in order to provide reliable detection performance. In the following, we identify two kinds of such information. Other information may be put in the PD2DSCH.
Type of synchronization source
One agreement from RAN1#77 is:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:
· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported
Since the working assumption is that the PD2DSS uses the length-62 Rel-8 PSS sequence mapped centrally symmetric around the D.C. frequency, there is complex conjugate symmetry among PD2DSSs using sequence pairs with root indices  and , which allows low-complex detection of such two PD2DSSs [1]. Hence, the PD2DSS could be defined from 2 sequences; one being associated with D2DSSue_net and the other being associated with D2DSSue_oon.
Identity of synchronization source
One working assumption from RAN1#74bis is that a synchronization source (i.e., a node transmitting the D2DSS) has a PSSID (Physical Synchronization Source IDentity). It would therefore be reasonable that the PSSID is contained in the D2DSS. According to the evaluations in [2], the maximum number of synchronization sources a D2D UE is able to find is around 60. This is less than 168 (i.e., the number of cell groups in the Secondary Synchronization Signal (SSS)), which makes it possible to reuse the existing set of SSS sequences for encoding the PSSID. Hence, the PSSID could be contained in the SD2DSS, using all or a subset of the SSS sequences.  
One working assumption from RAN1#77 is that, if there are 2 PD2DSS symbols in a D2DSS subframe, the sequences in the different PD2DSS symbols use the same root index. In this case, only the OFDM symbol timing can be detected from the PD2DSS and additional signals are required to detect the subframe timing (i.e., which PD2DSS symbol that was detected). The subframe timing can be encoded by an SD2DSS using the two sets of existing SSS sequences as discussed in Sec. 4. 
It is questionable whether encoding TDD/FDD differentiation in the D2DSS is needed. For in-coverage UEs, this information is obtained from the PSS/SSS. For out-of-coverage UEs, there is no synchronization to any network and the meaning of TDD or FDD is unclear. If such information is needed, it could be considered to include it in the PD2DSCH. If it would be in the D2DSS, TDD/FDD differentiation does not need to be explicitly encoded as it could be detected blindly by decoding an SD2DSS under two hypotheses, given that the SD2DSS is located in different OFDM symbols for FDD and TDD.
Agreements from RAN1#77 include that UEs assume the same CP length of all D2D signals/channels is configured by the network or is pre-configured for D2DSS transmitted by a UE for both in-network coverage and out-of-network coverage and that reception of D2DSS transmitted by a UE does not require blind detection of CP length. Hence, no information regarding CP length is to be contained in the D2DSS.
Primary D2D Synchronization Signal
In the subsequent sections, we evaluate signal properties of the PD2DSS in order to determine suitable waveform and root indices. Waveform is referring to the baseband signal generation defined either in Sec. 5.6 (SC-FDMA) or Sec. 6.12 (OFDM) of [3].
[bookmark: _Ref376529980]Cubic metric and Peak-to-Average-Power-Ratio 
In the following, we apply the working assumption and utilize the length-62 PSS sequence for which only root indices being relatively prime to 63 are considered. The sequence is mapped to the resource elements symmetrically around the D.C. frequency according to the working assumption, cf. details in [1].  
Fig. 1 shows that root indices in the vicinity of  and  exhibit low Cubic Metric (CM) and Peak-to-Average-Power-Ratio (PAPR) for both OFDM and SC-FDMA. The CM is higher for SC-FDMA than for OFDM for almost all root indices, while the same consistent trend does not apply to the PAPR, for which the difference is dependent on the root index. Table 1 contains the CM[footnoteRef:1] and PAPR for some relevant candidate root index pairs fulfilling  and . Such root indices result in the same CM/PAPR due to the complex conjugate PD2DSS property. [1:  Scaling factor  was utilized.] 
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[bookmark: _Ref391972034]Figure 1. PAPR and CM of the PD2DSS (including cyclic prefix) for different root indices for a sampling rate of 30.72 MHz.

[bookmark: _Ref391972219]Table 1. CM and PAPR of the PD2DSS (including cyclic prefix) for different sequence root indices.
	Root indices
	OFDM
	SC-FDMA

	
	CM [dB]
	PAPR [dB]
	CM [dB]
	PAPR [dB]

	(23,40)
	0.92
	4.63
	1.69
	5.70

	(25,38)
	0.42
	4.06
	1.14
	5.10

	(26,37)
	1.14
	5.47
	1.26
	4.56

	(29,34)
	0.40
	3.66
	0.93
	4.26

	(31,32)
	0.07
	3.42
	0.33
	3.22



Signal properties subject to frequency offsets
The LS [4] concludes that an initial frequency offset for a typical D2D UE is within ±10 ppm. For an out-of-network-coverage D2D UE, the D2DSS may then need to be detected with a frequency offset up to ±10 ppm originating from the transmitting UE and a frequency offset up to ±10 ppm originating from the receiving UE. The carrier frequency for out-of-network-coverage D2D evaluations is 700 MHz [5]. For an in-network-coverage D2D UE, the transmitting UE is expected to have a negligible frequency offset (e.g., ±0.1 ppm), since it is synchronized to the network. The receiving UE, being located out-of-network-coverage, could still have a frequency offset up to ±10 ppm. The carrier frequency for in-network-coverage D2D evaluations is 2 GHz [5]. In the following, we will assume a worst case scenario, wherein both the transmitting and receiving D2D UEs have frequency offsets within ±10 ppm, while operating at 2 GHz. It should be noted that already for cell search in LTE, there could be significant frequency offsets, e.g., around ±35 kHz corresponding to ±10 ppm at Band 22 for FDD or around ±37 kHz corresponding to ±10 ppm at Band 43 for TDD [6]. Hence, large frequency offsets do not constitute any fundamentally new issue and would not be an insurmountable obstacle for D2DSS detection.
There are two main methods for performing detection with large frequency offsets:
· Detect the PD2DSS with non-coherent combining of partial correlations.
· Detect the PD2DSS using a set of frequency offset hypotheses.
For the first point, we will therefore evaluate aperiodic autocorrelation functions on the form, 
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[bookmark: _Ref391976427]Figure 2. Probability of detecting the PD2DSS at ideal timing () as function of root index for OFDM (top) and SC-FDMA (bottom), for 1-part correlation (), 2-part correlation (), 4-part correlation () and , for a frequency offset uniformly distributed within [-10,10] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver. 

		(1)
where  is a positive integer. The transmitted/received signals are defined as  and  where  is the PD2DSS,  is the number of samples and  is the subcarrier spacing. The frequency offsets  and  are generated independently from the uniform probability density functions  kHz, and the results are obtained by averaging over many realizations of frequency offsets. It should first be noted that (1) could alternatively be interpreted as detecting  with a frequency offset , which has a probability density function 
		 (2)
Hence, the probability that  kHz is 39%. On the other hand, for the LTE cell search example of Band 43 with a uniformly distributed frequency offset in the interval ±37 kHz, the probability that  kHz is 59%. Thus, detecting the PD2DSS may even be simpler and more reliable than detecting the PSS due to smaller frequency offsets on average.
Nevertheless, in order to study the impact of frequency offset and any form of time-frequency ambiguity, we evaluate the probability that the maximum correlation value of occurs at , i.e., the main lobe remains at the true timing. From Fig. 2 it can be concluded that the SC-FDMA waveform is in most cases less sensitive to frequency offsets than the OFDM waveform and that partial correlation is able to improve the detection probability significantly.
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[bookmark: _Ref391977423]Figure 3. Probability of detecting the PD2DSS for OFDM (top) and SC-FDMA (bottom) at ideal timing () as function of root index, for 2-part correlation () and , using 1, 2 or 3 frequency offset hypotheses (see Table 2), for a frequency offset uniformly distributed within [-10,10] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver.
For the second point, the autocorrelation functions are computed for a set of frequency offset hypotheses, see Table 2 in Appendix A, and the maximum correlation value is selected among the hypotheses. That is, (1) is computed for each frequency hypothesis  utilizing . It should be noted that the hypothesis frequencies are here chosen to equidistantly divide the frequency offset interval and there could be room for further optimization by considering the probability density function (2) when selecting the hypothesis frequencies as well as selecting the frequencies depending on root index.  
Fig. 3 shows that hypothesis testing can further improve the detection probability for most root indices, for both OFDM and SC-FDMA. It is also clear that root indices  and  are unsuitable, as they are not resilient to frequency offsets.
Cross-correlation with the PSS
For D2DSS transmission in UL subframes on a TDD carrier, there will be interference with the PSS/SSS, e.g.: 
· A legacy TDD UE trying to detect a cell of the LTE system (e.g., for cell selection), may not be able to succeed in accessing a cell if D2D UEs in its vicinity transmit D2DSS.
· A D2D UE located outside LTE TDD network coverage will not be able to synchronize to a cell but may still receive the PSS/SSS, which would constitute interference while trying to detect a D2DSS from a UE.  
In the former case, the legacy UE will, after some amount of time, fail to synchronize to the D2D UE. Nevertheless, there could be many UEs transmitting D2DSS in its vicinity and it cannot be guaranteed that it eventually will succeed synchronizing to the cell. Hence, it would be necessary to assure low cross-correlation with the PSS in order to protect legacy UEs’ operation. 
Fig. 4 shows the maximum cross-correlation between the PD2DSS and the PSS and it can be seen that root indices,  and , give unacceptably large correlation for both OFDM and SC-FDMA. This implies that a new set of root indices is needed for reducing the cross-correlation.
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[bookmark: _Ref391977443]Figure 4. Maximum cross-correlation between the PD2DSS, using OFDM or SC-FDMA, and the PSS, as function of root index, for 1-part correlation () and 2-part correlation () and , for a frequency offset uniformly distributed within [-0.1,0.1] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver.
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[bookmark: _Ref391977460]Figure 5. PD2DSS detection probability in 40 ms on a UMi channel for different root indices using OFDM for 2-part correlation () and , using 3 frequency offset hypotheses (see Table 2), for a frequency offset uniformly distributed within [-10,10] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver.
PD2DSS detection performance
To further assess the performance, we evaluate the probability of PD2DSS detection in 40 ms (i.e., the shortest D2DSS period), according to the assumptions in Table 2. Two PD2DSS symbols are assumed in the D2DSS subframe and the PD2DSS is considered to be detected if the acquired timing is within the given timing error limit for any of the two PD2DSS symbols and if the correct sequence has been detected. There is no accumulation of correlation values among PD2DSS symbols. Fig. 5 and Fig. 6 show that the performance varies depending on root indices and waveform.  
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[bookmark: _Ref391977466]Figure 6. PD2DSS detection probability in 40 ms on a UMi channel for different root indices using SC-FDMA for 2-part correlation () and  with 3 frequency offset hypotheses (see Table 2), for a frequency offset uniformly distributed within [-10,10] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver.
The results further show that it is feasible to find a set of root indices (e.g.,  and ) and a detector utilizing partial correlation and hypothesis testing, which yield sufficient detection performance. Hence, performance under large frequency offsets is not an issue and the working assumption of using the length-62 PSS sequence being mapped centrally symmetric around the D.C. frequency should be confirmed. Furthermore, the UMi channel has a coherence bandwidth which is larger than the D2DSS bandwidth. The detection probabilities are therefore much larger than what is typically experienced for LTE cell search, which is predominantly evaluated assuming channels with much longer delay spread.
The derivation in Appendix B shows that the minimum required SINR to perform D2D communication with a channel occupying 6 PRBs is -2.33 dB for an RSRP association threshold of -107 dBm. Hence, having a PD2DSS detection probability well over 95% in 40 ms (as shown in Fig. 5 and Fig. 6) at the corresponding SNR would be sufficient. 
In Fig. 13 to Fig. 15 in Appendix C, we provide further results of PD2DSS detection probability showing that using  gives even better performance and all root index pairs, except  and , work well. Fig. 15 shows that for a sampling rate of 0.96 MHz (), the performance gets slightly worse at low SNRs (due to less averaging gain) and slightly better at higher SNRs (due to less impact of frequency offset from fewer samples). These results further corroborate the assertion that there is no issue in detecting the PD2DSS under large frequency offsets.
Number of and location of PD2DSS symbols
Fig. 7 verifies that there is a gain of having 2 PD2DSS symbols in the D2DSS subframe. Since D2DSS subframes are transmitted at least 40 ms apart, the acquisition delay could become longer than for cell search, for which the PSS period is only 5 ms, if there would be only 1 PD2DSS symbol in a D2DSS subframe. Hence, it is preferable to specify 2 PD2DSS symbols in the D2DSS subframe. 
Regarding location of PD2DSS symbols in the D2DSS subframe, it was proposed in [7] to use 2 contiguous OFDM symbols. One argument was that this would be beneficial for frequency offset estimation. Obviously, it is an implementation matter how to estimate and compensate for frequency offsets. It is sufficient to note that there are many ways of estimating the frequency offset, e.g., utilizing different hypotheses in the PD2DSS detection as shown above. A set of finer frequency offset hypotheses could also be considered to be used in a second step, after the PD2DSS timing has been detected, which would only
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[bookmark: _Ref391986418]Figure 7. PD2DSS detection probability in 40 ms on a UMi channel for root indices  and using SC-FDMA for 2-part correlation () and  with 3 frequency offset hypotheses (see Table 2), for 1 and 2 PD2DSS symbols per D2DSS subframe, respectively, for a frequency offset uniformly distributed within [-10,10] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver.
require computing one correlation value per hypothesis for estimating the frequency offset. Moreover, the SD2DSS and PD2DSCH could also be detected under a set of frequency offset hypotheses.
Locating the PD2DSS on contiguous symbols would allow using the time-repetitive structure and estimate the frequency offset by computing a differential correlation. For an OFDM symbol of  samples and  cyclic prefix samples, it is well-known [8] that frequency offsets within  could be estimated. The distance between repetitive samples of consecutive OFDM symbols is, however, longer than for the cyclic prefix based method (i.e.,  samples compared to  samples) and thus would yield that frequency offsets within  could be estimated. Differential correlation based methods typically also do not perform well at low SNRs. It is therefore inevitable to also use other means of estimating the frequency offset, e.g., hypothesis testing. There is thus no motive for the location of the PD2DSS symbols to be decided by frequency offset estimation arguments. 
A major drawback of using 2 consecutive PD2DSS symbols is that, if the SD2DSS symbols are located next to the PD2DSS symbols, the UE has to perform additional blind detection of the SD2DSS since the relative position of the SD2DSS to the PD2DSS would depend on which of the two PD2DSS symbols that was detected. Therefore, it would be reasonable to have 1 PD2DSS symbol in the first slot and 1 PD2DSS symbol in the second slot of the D2DSS subframe and have a fixed PD2DSS/SD2DSS inter-symbol spacing within the two slots. Placing the PD2DSS symbols in two slots would be beneficial if the D2DSS is to be used as a reference signal for the PD2DSCH. 
[bookmark: OLE_LINK1]Secondary D2D Synchronization Signal  
In the following subsections, we evaluate signal properties of the SD2DSS in order to determine suitable waveform and number of sequences. The working assumption from RAN1#74bis is that the SD2DSS is based on M-sequences. We will therefore consider the existing SSS sequences which are based on M-sequences. For each physical layer identity  in LTE, there exist 2 subframes with different SSS sequences (encoding radio frame timing) and each sequence’s shift register is initialized from the physical layer cell ID group  (obtained from the PSS sequence index). Hence, there are 168*2*3=1008 SSS sequences specified and the subsequent analysis is based on this set.
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[bookmark: _Ref391986646]Figure 8. PAPR of the SD2DSS (including cyclic prefix) for a sampling rate of 30.72 MHz.
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[bookmark: _Ref391986657]Figure 9. CM of the SD2DSS (including cyclic prefix) for a sampling rate of 30.72 MHz.
Cubic metric and PAPR 
In the following, PAPR and CM of the SD2DSS are evaluated for OFDM and SC-FDMA. Additionally for SC-FDMA, DFT precoded SD2DSS sequences have been suggested [7]. Fig. 8 shows that the PAPR of OFDM and SC-FDMA is almost the same. A length-62 DFT precoder will reduce the worst-case PAPRs (around 0.8 dB at the 90th percentile) but it will not reduce the PAPR further below the 20th percentile. 
Fig. 9 contains the CM and here it can be seen that the DFT precoder renders significant improvement over all percentiles, which was also observed in [7]. However, the gain is less than 2 dB for any percentile. It is further noted that the PAPR and CM of the SD2DSS is larger than that of the PD2DSS. 
SD2DSS detection probability
One consequence of using DFT precoding is that the frequency response of the SD2DSS does not become flat, which may impact the detection probability. In Fig. 10, the SD2DSS detection error probability is shown using 1 SD2DSS symbol assuming 2 RX antennas, randomly chosen SSS sequence, perfect timing synchronization and with residual frequency offsets being uniformly distributed in the intervals [-0.1,0.1] ppm and [-1.5,1.5] ppm. Maximum likelihood detection is used and coherent detection is performed by using channel estimates from a PD2DSS located in the previous symbol. It can be seen that there is significant performance degradation, e.g., around 2 dB loss at 1% error probability even for small
[image: ]
[bookmark: _Ref391986679]Figure 10. SD2DSS detection error probability using SC-FDMA, coherent detection and 2 RX antennas, for a UMi channel for frequency offsets uniformly distributed within [-0.1,0.1] ppm and [-1.5,1.5] ppm. 
frequency offsets. Thus, considering improvements being less than 2 dB in reduced CM, there is not any net gain in applying a DFT precoder. Moreover, with reasonably small residual frequency offsets, the detection probability is sufficiently large. Hence, the existing SSS sequences could be reused.
Number of SD2DSS sequences
Using the SSS sequences, up to 168 PSSIDs could be conveyed. It might be possible to reduce the number of PSSIDs and thereby SD2DSS sequences in order to select a subset of low-PAPR/CM SD2DSSs. In [7], it was suggested to do a down-selection of sequences based on CM and correlation properties. If a down-selection was to be made, it should reduce to selecting a set of  values but not changing any parts in the SD2DSS sequence generation. Likewise, if 2 PD2DSS sequences are specified, it should merely result in using a parameter  for the SD2DSS sequence generation. 
In Table 4 and Table 5 in Appendix D, we list the  values in increasing order of PAPR and CM of the SD2DSS, respectively. The CM/PAPR for a given value of  is determined as the maximum CM/PAPR over all SD2DSS sequences associated with this value (i.e., for both subframe #0 and #5 and for both indices ). Fig. 16 contains plots of the CM/PAPR as function of the number of PSSIDs (i.e., number of  values) following the ordering of Table 4 and Table 5.
From Fig. 10, it follows that for reasonably low residual frequency offsets, the SD2DSS detection probability is 99% at around -7.5 dB. This probability would be even larger if 2 SD2DSS symbols are utilized. On the other hand, it may not be required that the SD2DSS detection probability is larger than the PD2DSS detection probability. Considering that the best performing root indices in Fig. 5 and Fig. 6 have a detection probability less than 99% over the range of evaluated SNRs, it would be possible to deploy a SD2DSS power backoff in the transmitter to account for the larger CM/PAPR of the SD2DSS, while still guaranteeing acceptable overall D2DSS detection performance. Down-selecting the set of SSS sequences is therefore not justified. Hence, it would be sufficient to define a mapping  and apply the existing LTE specification.
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[bookmark: _Ref391986921]Figure 11. SD2DSS detection error probability using SC-FDMA, coherent detection and 2 RX antennas, for a UMi channel for frequency offsets uniformly distributed within [-0.1,0.1] ppm and different number of PSSIDs.
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[bookmark: _Ref391986973]Figure 12. Example of PD2DSS (blue) and SD2DSS (green) locations in a D2DSS subframe.
Reducing the number of sequences would result in improved detection probability, which is shown in Fig. 11, where a subset of sequences is used. The subset is formed by selecting the lowest CM PSSIDs according to the ordering in Table 5. As previously mentioned, the error probability is low. Hence, if a down-selection of SD2DSS sequences would be done, it is sufficient to base sequence selection on CM/PAPR and not involve secondary measures such as correlation values.  
Number of and location of SD2DSS symbols
If 2 PD2DSS symbols are utilized, there have to be 2 SD2DSS symbols in order to obtain subframe timing. The first SD2DSS would utilize SSS sequences defined for subframe 0 and the second SD2DSS would utilize SSS sequences defined for subframe 5. In order to avoid unnecessary blind detection of the SD2DSS, the relative location between any PD2DSS and its associated SD2DSS should be fixed. Preferably, the inter-symbol spacing should be 1 OFDM symbol in order for the PD2DSS to provide for better channel estimation performance for coherent SD2DSS detection. Fig. 12 shows an example of possible PD2DSS and SD2DSS locations with one PD2DSS/SD2DSS pair in each slot of the subframe. The PD2DSS/SD2DSS symbol positions should be non-configurable in order to not bring extra complexity for the receiver.  
Antenna port definition
There are two main issues with respect to antenna port definition:
· Whether to define an antenna port for the PD2DSS and SD2DSS.
· Whether the SD2DSS utilizes the same antenna port as the PD2DSS.
The PSS and SSS do not have any defined antenna ports as that allows proprietary transmit diversity schemes. The same principle could apply to the D2DSS as well, although utilizing 2 TX antennas in the UE would be less frequent. It is however beneficial to let the SD2DSS utilize the same antenna port as the PD2DSS to accommodate coherent detection. With 2 PD2DSS symbols in the D2DSS subframe, one option is that the UE could assume that both PD2DSS symbols utilize the same antenna port. This would allow interpolating PD2DSS channel estimates among the 2 symbols. The other option is to specify that the UE cannot assume that any PD2DSS symbols utilize the same antenna port, which is the principle applied to the PSS. This would allow changing precoder weights among the PD2DSS symbols for achieving better diversity gain.    
Discussion
Now, from the above investigations, we are able to make numerous observations in order to arrive at a few corresponding proposals. 
Regarding information content, the following observations are made.
Observation 1.The D2DSS should contain:
· Type of synchronization source
· Identity of synchronization source (PSSID)
It is unclear whether TDD/FDD differentiation is needed and, if so, if it has to be provided in the D2DSS. 
Regarding PD2DSS the following observations are made.
Observation 2. For the PD2DSS:
· The CM is slightly worse (0.1-0.8 dB) for SC-FDMA.
· The PAPR is sometimes better and sometimes worse for SC-FDMA, depending on root index.
· The CM and PAPR are lower than for the SD2DSS. Hence, CM and PAPR may not be decisive criteria for selecting between OFDM and SC-FDMA.
Observation 3. For PD2DSS detection:
· The frequency offsets for PD2DSS detection would not necessarily be larger than what already has to be assumed for PSS detection in LTE. 
· PD2DSS detection using partial correlation and frequency offset hypothesis testing yields sufficient detection performance even under large frequency offsets.
· PD2DSS detection performance is expected to be better compared to PSS detection, since the channel is less frequency selective over the D2DSS bandwidth.
· The SC-FDMA waveform is slightly more robust to frequency offsets.
· Root indices and  would be suitable considering all the evaluated performance metrics.
· The cross-correlation with the PSS is significant for both OFDM and SC-FDMA and a new set of root indices should be utilized to protect legacy UE’s operation.
· Two PD2DSS symbols should be used in a subframe as it offers significant performance gains and it should be avoided to locate the PD2DSS symbols contiguously.
Hence, performance under large frequency offsets is not an issue and the working assumption of using the length-62 PSS sequence being mapped centrally symmetric around the D.C. frequency should be confirmed. 
Regarding SD2DSS the following observations are made.
Observation 4. For the SD2DSS:
· The CM/PAPR is similar for SC-FDMA and OFDM.
· There is improvement in PAPR of using SC-FDMA with DFT precoding for the larger percentiles.
· There is improvement in CM of using SC-FDMA with DFT precoding for all percentiles.
· There is an SD2DSS detection performance loss of using SC-FDMA with DFT precoding such that there is no net gain of using SC-FDMA with DFT precoding.
· DFT precoding increases the complexity since length-62 DFT is not supported by the LTE UEs.
Observation 5. Since the detection probability is much larger for the SD2DSS than for the PD2DSS, a power backoff for the SD2DSS could be used in the transmitter while still offering sufficient D2DSS detection performance, without requiring a down-selection of the number of SD2DSS sequences.
Hence, the existing SSS sequences offer sufficient performance and it is not motivated to specify new sequences or do any down-selection. It would also be preferable that the PD2DSS and the SD2DSS utilize the same waveform.
Observation 6. Two SD2DSS symbols should be used in order to provide for subframe timing detection.
· Subframe timing can be encoded using the existing sets of SSS sequences.
Observation 7. The antenna port definition should provide for coherent SD2DSS detection. 
Conclusions
This contribution discussed the D2DSS design and from our observations the following proposals are given.
Proposal 1. The PD2DSS and the SD2DSS utilize SC-FDMA.
Proposal 2. A D2DSS subframe contains: 
· 2 non-contiguously located PD2DSS symbols.
· 2 SD2DSS symbols, each being located next to a PD2DSS symbol.  
Proposal 3. The PD2DSS sequences are the existing length-62 PSS sequence with new root indices:
· Root index  is associated with D2DSSue_net.
· Root index   is associated with D2DSSue_oon.
· The sequence is mapped symmetrically around the D.C. frequency.
Proposal 4. The SD2DSS sequences are the existing SSS sequences without DFT precoding:
· There are 168 PSSIDs corresponding to the values of 
· .
· SSS sequences from subframe 0/5 are used in the first/last SD2DSS symbol.
Proposal 5. The SD2DSS utilizes the same antenna port as the PD2DSS.
· No antenna port is specified for the PD2DSS.
· The UE cannot assume that any PD2DSS transmissions utilize the same antenna port.
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Appendix A
[bookmark: _Ref391972252]Table 2. Simulation parameters.
	Simulation parameter
	Setting

	Sampling frequency
	1.92 MHz

	Channel model
	ITU UMi NLOS CDL, 3 km/h dual mobility 

	Number of antennas
	1 TX, 2 RX (uncorrelated)

	Carrier frequency
	2 GHz

	Cyclic prefix
	Normal

	Frequency offset 
	Uniformly distributed in [-10,10] ppm and independently generated for TX and RX. 

	Interference/noise modeling
	Random QPSK symbols in 72 REs for all non-D2DSS/non-gap OFDM symbols in the D2DSS subframe + AWGN

	PD2DSS detection 
	1-part, 2-part or 4-part correlation
Non-coherent combining over RX antennas

	Matched filter length, N
	128, 64

	Detection period
	40 ms

	Number of PD2DSS symbols
	2

	Detected timing criterion
	Within [0,1,2,3,4], where 0 is the index of the first sample after the cyclic prefix.

	Frequency offset hypotheses
	1 hyp.: 0 Hz
2 hyp.: -20, 20 kHz
3 hyp.: -26.667, 0, 26.667 kHz
4 hyp.: -30, -10, 10, 30 kHz
5 hyp.: -32, -16, 0, 16, 32 kHz 





Appendix B
Consider a minimum association RSRP for D2D communication to be -107 dBm [5]. Then, the maximum coupling loss (MCL) could be derived from 

By inserting the MCL in Table 3, the required SINR becomes -2.33 dB.
[bookmark: _Ref391993404]Table 3. Maximum Coupling Loss calculation template from [9].
	Physical channel name
	Value

	Transmitter
	

	(1) Tx power  (dBm)
	23

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	6·180·103

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log(5)  (dBm)
	-104.67

	(7) Required SINR (dB)
	-2.33

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-107

	(9) MCL 
         = (1)  (8) (dB)
	130



Appendix C
[image: ]
[bookmark: _Ref391986350]Figure 13. PD2DSS detection probability in 40 ms on a UMi channel for different root indices using OFDM for 4-part correlation () and  with 1 frequency offset hypothesis (see Table 2), for a frequency offset uniformly distributed within [-10,10] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver.
[image: ]
Figure 14. PD2DSS detection probability in 40 ms on a UMi channel for different root indices using SC-FDMA for 4-part correlation () and  with 1 frequency offset hypothesis (see Table 2), for a frequency offset uniformly distributed within [-10,10] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver.
[image: ]
Figure 15. PD2DSS detection probability in 40 ms on a UMi channel for different root indices using SC-FDMA for 2-part correlation () and  with 3 frequency offset hypotheses (see Table 2), for a frequency offset uniformly distributed within [-10,10] ppm at the transmitter and uniformly distributed within [-10,10] ppm at the receiver.

Appendix D
[bookmark: _Ref391977116]Table 4. List of  values in column-wise order of increasing PAPR, where 44 has the lowest PAPR, 127 the second lowest PAPR and so on until 120 which has the highest PAPR.
	44
	65
	97
	54
	144
	136
	156
	115
	162
	126
	78
	61
	19
	21

	127
	150
	160
	158
	49
	147
	74
	9
	109
	63
	118
	117
	164
	140

	84
	30
	26
	163
	87
	135
	81
	105
	77
	12
	53
	63
	60
	20

	11
	64
	71
	83
	25
	116
	137
	152
	 4
	85
	68
	86
	101
	69

	151
	36
	114
	82
	33
	38
	124
	28
	166
	92
	157
	111
	94
	141

	50
	 2
	75
	55
	52
	 6
	132
	17
	40
	107
	58
	 5
	100
	142

	45
	31
	128
	37
	73
	90
	159
	39
	41
	112
	148
	59
	89
	138

	67
	 3
	76
	153
	93
	103
	104
	130
	125
	149
	35
	99
	88
	139

	134
	56
	131
	122
	15
	34
	57
	165
	145
	47
	154
	143
	110
	23

	121
	98
	102
	16
	108
	51
	22
	46
	43
	91
	155
	18
	96
	24

	80
	29
	32
	161
	 8
	146
	79
	123
	106
	42
	95
	27
	72
	119

	48
	66
	 1
	70
	10
	 7
	133
	129
	13
	113
	 0
	14
	167
	120



[bookmark: _Ref391977122]Table 5. List of  values in column-wise order of increasing CM, where 84 has the lowest CM, 134 has the second lowest CM and so on until 139 which has the highest CM.
	84
	83
	76
	31
	114
	46
	13
	135
	87
	39
	35
	58
	118
	167

	134
	121
	82
	55
	124
	 9
	32
	91
	18
	147
	78
	94
	112
	24

	75
	54
	36
	161
	52
	56
	165
	92
	122
	164
	126
	62
	125
	142

	45
	43
	48
	17
	 8
	128
	163
	 6
	12
	63
	68
	14
	72
	23

	44
	67
	137
	115
	152
	29
	154
	113
	 5
	90
	95
	129
	60
	20

	160
	64
	132
	133
	116
	107
	81
	150
	34
	99
	28
	61
	59
	69

	50
	66
	153
	144
	 1
	 3
	80
	 2
	19
	130
	41
	42
	117
	141

	11
	51
	151
	65
	97
	21
	53
	77
	15
	157
	40
	89
	111
	140

	127
	103
	146
	37
	166
	131
	79
	47
	162
	149
	158
	88
	21
	119

	71
	26
	30
	73
	70
	10
	33
	145
	105
	159
	155
	143
	27
	120

	102
	16
	38
	49
	108
	57
	 4
	 0
	109
	156
	86
	110
	100
	138

	98
	25
	74
	9
	136
	123
	106
	93
	104
	148
	85
	96
	101
	139





[image: ]
[bookmark: _Ref391986856]Figure 16. Maximum PAPR and CM of the SD2DSS using SC-FDMA for a sampling rate of 30.72 MHz as function of number of PSSIDs using the order from Table 4 and Table 5. 
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