[bookmark: OLE_LINK124][bookmark: OLE_LINK125]3GPP TSG RAN WG1 Meeting #78bis	R1-143699
Ljubljana, Slovenia, Oct. 6 – 10, 2014

Agenda Item:	7.2.1.1.2
Source:	Huawei, HiSilicon
Title:	Final details of D2D synchronization signals
Document for:	Discussion and decision

 Introduction 
All fundamental properties of the sidelink synchronization signals, herein being referred to as Primary D2DSS (PD2DSS) and Secondary D2DSS (SD2DSS), have been agreed, yet some details remain to be decided, including:
· D2DSS information content
· PD2DSS 
· Root indices of the PD2DSS sequences
· PD2DSS period
· Location of PD2DSS SC-FDMA symbols
· SD2DSS 
· Transmit power 
· SD2DSS sequence allocation to SC-FDMA symbols and resource elements
· Location of SD2DSS SC-FDMA symbols
· PD2DSS and SD2DSS antenna port definition
[bookmark: _Ref129681832]In this contribution, we provide extensive simulation results in order to finalize the signal design. Sec. 2 to Sec. 6 contain discussions on the above mentioned D2DSS details, while Sec. 7 contains some conclusions leading to the proposals in Sec. 8.  
D2DSS information content
The D2DSS should only include essential information in order to provide reliable performance and allow low-complex detectors. In the following, we identify two kinds of such information from the existing agreements. Other information may be put in the PD2DSCH (aka. PSBCH).
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 PD2DSS uses the length-62 Rel-8 PSS sequence mapped centrally symmetric around the D.C. frequency, there is complex conjugate symmetry among PD2DSSs 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. It should be noted that if 3 or 4 root indices were supported, the receiver (multiplication) complexity will increase by ~50%. The number of PD2DSS sequences should therefore be minimized.
A working assumption from RAN1#76 is:
· Synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage.
Hence, if UEs within network coverage transmit PD2DSS from D2DSSue_net and UEs outside network coverage only transmit PD2DSS from D2DSSue_oon, this prioritization rule is supported and no additional information needs to be included in the D2DSS. 
Identity of synchronization source
One working assumption from RAN1#74bis is that a synchronization source (i.e., a node transmitting the D2DSS) has a Physical Synchronization Source Identity (PSSID, or aka. Physical layer sidelink synchronization 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, which makes it possible to reuse the existing set of SSS sequences for encoding the PSSID.  
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 some form of pre-configuration may be needed concerning which radio frame structure (TDD or FDD) the UE should assume. If such information would be signaled, it should be included in the PD2DSCH [3]. In any case, TDD/FDD differentiation does not need to be explicitly encoded by D2DSS sequences as it could be detected blindly by decoding an SD2DSS under two hypotheses, given that the SD2DSS is located in different SC-FDMA 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.
Remaining details of the PD2DSS
[bookmark: _Ref376529980]Root indices of the PD2DSS
In the following, we evaluate root indices being relatively prime to 63 and root index pairs fulfilling  and . Table 1 contains PAPR and cubic metric (CM) of some suitable root indices, which are all different from the root indices of the PSS. Root index 38 cannot be paired with root index 25, since that is used in LTE, otherwise the cross-correlation with the PSS was found to be reasonably low for these root indices [1].
[bookmark: _Ref391972219]Table 1. CM and PAPR of the PD2DSS (including cyclic prefix) for different sequence root indices.
	Root indices
	CM [dB]
	PAPR [dB]

	(16,47)
	0.68
	3.89

	(22,41)
	1.67
	5.21

	(23,40)
	1.69
	5.70

	(26,37)
	1.26
	4.56

	(31,32)
	0.33
	3.22

	38
	1.14
	5.1



We perform extensive evaluations of the PD2DSS detection probability using different type of detectors, where denotes matched filtering in time-domain employing partial correlation with parts and  frequency hypotheses. The hypothesis frequencies are given in Table 5 and the PD2DSS is detected in 40 ms (i.e., the shortest D2DSS period), according to the assumptions in Table 5. 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.
For an out-of-network-coverage D2D UE, the D2DSS may 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 agreed carrier frequency for out-of-network-coverage D2D evaluations is 700 MHz [4]. 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 agreed carrier frequency for in-network-coverage D2D evaluations is 2 GHz [4]. In the following, we evaluate the case of frequency offsets uniformly distributed within ±10 ppm at the transmitter and ±10 ppm at the receiver, respectively, for the agreed out-of-network-coverage scenario of 700 MHz carrier frequency, as well as a non-agreed but more demanding scenario assuming 2 GHz carrier frequency. 
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 [1]. In Table 2, we consider the much more severe case of SNR=-8 dB. From Table 2, we can see that for the agreed case of 700 MHz, the detection probability is sufficient for all root indices using a matched filter without partial correlation () or a matched filter without hypothesis testing (). We also include three cases with 3 root indices, which decrease the detection probability slightly. For the non-agreed 2 GHz case, partial correlation with hypothesis testing () or partial correlation only (), yields sufficient detection performance. Table 6 in Appendix contains evaluations for SNR=-3 dB and the conclusions are the same.
Table 2. PD2DSS detection probability at SNR=-8 dB for different detectors () and carrier frequencies 700 MHz and 2 GHz, with frequency offsets uniformly distributed in [-10,10] ppm at the transmitter and receiver, respectively.
	Root indices
	700 MHz
	2 GHz

	
	
	
	
	
	
	

	(16,47)
	0.984
	0.981
	0.930
	0.861
	0.977
	0.947

	(22,41)
	0.984
	0.983
	0.778
	0.656
	0.963
	0.972

	(23,40)
	0.984
	0.983
	0.846
	0.772
	0.972
	0.972

	(26,37)
	0.986
	0.983
	0.881
	0.932
	0.977
	0.963

	(31,32)
	0.985
	0.982
	0.754
	0.772
	0.960
	0.879

	(38)
	0.987
	0.984
	0.873
	0.903
	0.995
	0.973

	(26,37,16)
	0.986
	0.982
	0.893
	0.902
	0.976
	0.953

	(26,37,22)
	0.985
	0.997
	0.840
	0.837
	0.779
	0.960

	(26,37,38)
	0.985
	0.983
	0.870
	0.911
	0.803
	0.958



Table 3. PD2DSS detection probability at SNR=-8 dB and 2 GHz carrier frequency for different detectors (), using timing error condition II (see Table 5), with frequency offsets uniformly distributed in [-10,10] ppm at the transmitter and receiver, respectively.
	Root indices
	Detector

	
	
	
	
	

	(31,32)
	0.982
	0.983
	0.986
	0.984



Root indices  exhibit somewhat worse performance for the non-agreed 2 GHz case. However, this can be understood from Fig. 6 in the Appendix, which shows the timing error as function of frequency offset in a noise-less case and without any fading channel. This timing error is very small in absolute terms (2 samples) but is distributed on both sides of the true timing (i.e., position 0). In Table 2, we have used timing error condition I (i.e., positive timing error within half a CP) given in Table 5, which does not allow negative timing errors and penalizes the detection performance for these root indices. In Table 3, we perform an evaluation with timing error condition II (i.e., both positive and negative timing error within half a CP) given in Table 5, which renders the detection performance becoming similar to that of the other root indices. Thus  are actually very robust to large frequency offsets. Since root indices  have very low PAPR and CM, they may be desirable candidates. So, in conclusion, no performance issue exists for the investigated root indices and, e.g., indices may be a good choice. 
  PD2DSS transmission period
It is currently assumed that the PD2DSS period is at least 40 ms. Table 4 contains evaluation results of one 80 ms period, which renders similar performance as the 40 ms period. However, the acquisition time may become longer if the period is 80 ms or higher. Especially in situations with more mobility, the system would be less robust since it is more critical if the UE experiences a deep fade during a D2DSS subframe. On the other hand, the D2DSS overhead of using a 40 ms period is not very significant and since synchronization performance should not be jeopardized, a 40 ms period would be more preferable.
Table 4.  PD2DSS detection probability at SNR=-8 dB for different detectors  (), carrier frequencies and PD2DSS periods, using root indices 26 and 37, with frequency offsets uniformly distributed in [-10,10] ppm at the transmitter and receiver, respectively.
	SNR
	40 ms PD2DSS period
	80 ms PD2DSS period

	
	, 700 MHz
	, 2 GHz
	, 700 MHz
	, 2 GHz

	-3 dB
	0.997
	0.990
	0.997
	0.991

	-8 dB
	0.986
	0.963
	0.986
	0.960



Remaining details of the SD2DSS
SD2DSS sequence allocation to SC-FDMA symbols and resource elements
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. If 2 PD2DSS sequences are defined, the SD2DSS sequence could be generated by using a parameter . 
Since the PD2DSS use the same sequence in both SC-FDMA symbols, the SD2DSS sequences have to be different in the two SD2DSS SC-FDMA symbols, in order to obtain subframe timing (i.e., to identify the starting SC-FDMA symbol of the subframe). This is straightforwardly achieved by reusing the solution from Rel-8, such that the first SD2DSS SC-FDMA symbol utilizes SSS sequences defined for subframe 0 and the second SD2DSS SC-FDMA symbol utilizes SSS sequences defined for subframe 5, which is shown in Fig. 1.
Regarding allocation of the SD2DSS sequence to the resource elements, the same mapping as for the PD2DSS should be used, which assures that they occupy the same set of subcarriers, albeit in different SC-FDMA symbols. The PD2DSS sequence is per RAN1#77 mapped symmetrically around the


Figure 1. Subframe timing is provided by using different sets of SD2DSS sequences in the two SD2DSS SC-FDMA symbols, where SSS sequences defined for subframe 0 in LTE are used in the first SD2DSS SC-FDMA symbol, and where SSS sequences defined for subframe 5 in LTE are used in the last SD2DSS SC-FDMA symbol.
[image: ]
Figure 2. Cubic metric and peak-to-average-power ratio for the SD2DSS (including cyclic prefix).
D. C. frequency and will therefore, following the notation of the 36.211 specification, utilize the following mapping to the resource elements, which also should apply to the SD2DSS sequence.

where the SC-FDMA symbols  will be different among the PD2DSS and SD2DSS. 
Transmit Power of the SD2DSS
Fig. 2 shows that the maximum PAPR of the SD2DSS is around 10 dB and the maximum CM[footnoteRef:1] is around 3.5 dB. Considering the candidate root indices in Table 1, the difference in CM between the PD2DSS and the SD2DSS would be in the range of 1.8-3.2 dB and the difference in PAPR would be in the range 4.3-6.8 dB. For simplicity, a fixed power offset value (not being configurable or signaled) could be defined, linking the SD2DSS transmit power with that of the PD2DSS. The exact power offset value could preferably be determined by RAN4.   [1:  Scaling factor  was used.] 

SC-FDMA symbol location of PD2DSS and SD2DSS 
The SC-FDMA symbol locations of the PD2DSS and the SD2DSS should be chosen to:
· Avoid blind detection of the SD2DSS SC-FDMA symbol position
The UE obtains SC-FDMA symbol synchronization from the PD2DSS. However, since the sequences are the same in both symbols and only one correlation peak may be found, the UE would not know which PD2DSS SC-FDMA symbol it detected. Therefore, the relative SC-FDMA symbol spacing between the PD2DSS and its associated SD2DSS should be the same for both SC-FDMA symbols containing the PD2DSS. Otherwise, if the relative SC-FDMA symbol spacing differs, the UE needs to perform blind detection of the SD2DSS since its location would not be known from the PD2DSS timing. It should be noted that it has already been agreed that the UE is not required to detect the CP length which was motivated from the point of avoiding blind SD2DSS detection.



Figure 3. Example of SC-FDMA symbol locations in a subframe (assuming presence of DMRS) with non-contiguous PD2DSS SC-FDMA symbols for normal CP (top) and extended CP (bottom), where the symbols are placed to offer maximum coherent detection gain and maximum time diversity, without requiring blind SD2DSS detection.
Furthermore, if a D2DSS subframe can be configured with normal CP, SC-FDMA symbol  in both slots uses a slightly longer CP than the other symbols. Thus, an additional consequence would be that, for normal CP, it is not sufficient to consider the number of SC-FDMA symbols when defining the inter-symbol spacing, since the CP lengths among symbols may differ. The relative SC-FDMA symbol spacing should therefore be defined from the first instant after the CP of the PD2DSS SC-FDMA symbol to the first instant after the CP of the SD2DSS SC-FDMA symbol. 
· Maximize the performance for coherent SD2DSS detection
The SD2DSS should be located as close as possible to the PD2DSS in order to enable accurate coherent detection of the SD2DSS. The spacing should preferably be 1 but no more than 3 SC-FDMA symbols, which is the case of PSS and SSS in LTE. It should be noted that the SSS has been optimized for coherent detection since the two length-31 sequences are interleaved.
· Maximize time-diversity of the PD2DSS and the SD2DSS
To mitigate channel fading and interference through time-diversity, the two PD2DSS SC-FDMA symbols should be placed far apart. The same principle should also apply to the two SD2DSS SC-FDMA symbols.
· Avoid collisions with DMRS 
As explained in [3], DMRS-based demodulation of the PD2DSCH would be the only viable option considering the difficulties to use the SD2DSS for channel estimation. When DMRS-based demodulation of the PD2DSCH is used, presumably the DMRS would be transmitted in SC-FDMA symbol  (normal CP) in both slots, or symbol    (extended CP) in both slots. 
The two main candidate principles for PD2DSS SC-FDMA symbol location include contiguous or non-contiguous SC-FDMA symbols.
Non-contiguous PD2DSS SC-FDMA symbols
The advantages for this case include the possibility to jointly achieve the following: 
· Maximum SD2DSS coherent detection gain – the PD2DSS and SD2DSS inter-symbol spacing is 1 SC-FDMA symbol.
· Maximum time diversity – the PD2DSS/SD2DSSS pairs could be separated in time within the subframe and time diversity is achieved both for the PD2DSS and the SD2DSS.

The order of PD2DSS and SD2DSS within a symbol pair may not be critical but the order must be the same for both pairs. Fig. 3 shows examples which do not require any blind SD2DSS SC-FDMA symbol position detection. 




Figure 4. Example of SC-FDMA symbol locations with contiguous PD2DSS symbols for normal CP (top) and extended CP (bottom), not requiring blind SD2DSS detection.
Contiguous PD2DSS SC-FDMA symbols
For this case, in order to avoid blind SD2DSS detection and have a fixed inter-symbol spacing, it follows that also the SD2DSS SC-FDMA symbols have to be contiguous. The consequences are thus that it is not possible to achieve maximum coherent detection gain and time-diversity. Hence, the drawbacks are:
· Reduced SD2DSS coherent detection gain – the PD2DSS and SD2DSS inter-symbol spacing is at least 3 SC-FDMA symbols (normal CP and assuming DMRS is transmitted) or 2 SC-FDMA symbols (extended CP).
· Reduced time diversity – the PD2DSS (and SD2DSS) SC-FDMA symbols are contiguous which yields minimum time diversity and increased time-diversity could only be achieved at the cost of reduced coherent detection gain, i.e., by separating the SD2DSS pair and the PD2DSS pair. 
The order of the PD2DSS pair and the SD2DSS pair may not be critical. Fig. 4 shows examples which do not require any blind SD2DSS SC-FDMA symbol position detection.
In Fig. 5, the SD2DSS detection error probability of 1 SD2DSS symbol is shown, assuming 2 RX antennas, randomly chosen SSS sequence, perfect timing synchronization and with residual frequency offsets being uniformly distributed within [-200,200] Hz. Maximum likelihood detection is used and coherent detection is performed by using channel estimates from the PD2DSS. The performance loss is around 1.5 dB at 1% error probability using a PD2DSS and SD2DSS inter-symbol spacing of 5 SC-FDMA symbols as proposed in [5], compared to placing the SD2DSS symbol next to the PD2DSS symbol.  
While the drawbacks of contiguous PD2DSS symbols are obvious, the merits are unclear. It has been argued [5] that such locations would be beneficial for frequency offset estimation. In [1], we showed that the feasible range of frequency offset estimation utilizing a repetitive waveform (i.e., 2 contiguous PD2DSS symbols) is not sufficient and other means have to be implemented. There is thus no motive for the location of the PD2DSS symbols to be decided by frequency offset estimation arguments. It has further been claimed that contiguous PD2DSS symbols can enable using a detection algorithm in the frequency domain with less complexity. However, we note that the common-practice evaluation methodology in RAN1 has always been matched filtering in time domain, possibly combined with partial correlation and hypothesis testing. It has not been demonstrated how partial correlation can be deployed in the frequency domain. In fact, the details of the algorithm have not been disclosed and the acclaimed complexity or performance has therefore never been verified or cross-evaluated by any other company. Moreover, if a synchronization signal should be transmitted over two consecutive SC-FDMA symbols, the signal should preferably not have been periodic in order to avoid producing the high autocorrelation side-lobes due to the periodicity. 
[image: ]
Figure 5. SD2DSS detection probability using coherent detection and 2 RX antennas, for a UMi channel at 60 km/h, ideal timing synchronization and frequency offsets uniformly distributed in [-200,200] Hz.
Thereto, it has been pointed out that there is a discontinuity between the PD2DSS symbols due to the CP insertion, which implies that the signal is in fact not periodic when a receiver window is aligned over both SC-FDMA symbols [6]. Hence, there are clear disadvantages of using contiguous PD2DSS symbols but no, or unclear, gains. Deviating from the existing PSS/SSS principle is therefore not justified.   
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.
In LTE, 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 transmitting simultaneously on 2 TX antennas in the UE would be less frequent. On the other hand, even with transmission on 1 TX antenna, if open-loop UE transmit antenna selection is supported, the transmit antenna will not be specified, which is essentially the same as using an undefined antenna port. 
It is beneficial to let the SD2DSS utilize the same antenna port as the PD2DSS to accommodate coherent detection. With 2 PD2DSS SC-FDMA 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 SC-FDMA 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 (or switching transmit antennas) among the PD2DSS symbols for achieving better diversity gain.    
Discussion
From the above investigations, we are able to make conclusions in order to arrive at a few corresponding proposals. 
D2DSS information content
The D2DSS should only contain a small amount of information, including:
· Type of synchronization source
· Identity of synchronization source (PSSID)
If UEs within network coverage transmit PD2DSS from D2DSSue_net and UEs outside network coverage transmit PD2DSS from D2DSSue_oon, it is possible to obtain the priority of a synchronization source from the PD2DSS.
PD2DSS
For the PD2DSS sequence root indices:
· The evaluated candidate root indices perform similarly in terms of detection probability.
· Root indices  and have the lowest PAPR/CM.
For PD2DSS period:
· The detection performance is similar for a single 40 ms and 80 ms period but a longer period gives less robust synchronization behavior. 
For PD2DSS and SD2DSS location in SC-FDMA symbols:
· To avoid blind detection of the SD2DSS SC-FDMA symbols, the inter-symbol spacing should be fixed between the PD2DSS SC-FDMA symbol and the associated SD2DSS SC-FDMA symbol.
· To maximize the time-diversity, the PD2DSS and SD2DSS SC-FDMA symbols should be non-contiguous.
· To maximize the coherent detection gain, the inter-symbol spacing should be minimized between the PD2DSS SC-FDMA symbol and the associated SD2DSS SC-FDMA symbol.
· There is significant performance loss when increasing the inter-symbol spacing.
SD2DSS 
For the SD2DSS:
· The PSSID and the subframe timing can be encoded by the SSS sequences.
· A fixed transmit power offset value relating the SD2DSS power to the PD2DSSS power could be specified.
· The SD2DSS should be mapped to the same subcarriers as the PD2DSS.  
PD2DSS and SD2DSS antenna port definition
The antenna port definition should provide for coherent SD2DSS detection. 
Conclusions
This contribution discussed the final details of the sidelink synchronization signals and from our findings, the following proposals are given.
Proposal 1. Two PD2DSS sequences are defined:
· Root index  is associated with D2DSSue_net.
· Root index   is associated with D2DSSue_oon.
· UEs within network coverage transmit PD2DSS from D2DSSue_net and UEs outside network coverage transmit PD2DSS from D2DSSue_oon.
Proposal 2. For the SD2DSS sequences:
· The PSSID corresponds to .
· .
· SSS sequences from subframe 0 (5) are used in the first (last) SD2DSS SC-FDMA symbol.
· The SD2DSS sequence is mapped to REs in the same way as the PD2DSS sequence, i.e.:


Proposal 3. For PD2DSS and SD2DSS SC-FDMA symbol location:
· The PD2DSS is located in non-contiguous SC-FDMA symbols. 
· The inter-symbol spacing between any PD2DSS SC-FDMA symbol and its associated SD2DSS SC-FDMA symbol is fixed. 
· The SD2DSS SC-FDMA symbol is located next to the PD2DSS SC-FDMA symbol.
Proposal 4. The D2DSS period is 40 ms.
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 
[bookmark: _Ref391972252]Table 5. 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
	700 MHz/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 SC-FDMA 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

	Detection period
	40 ms

	Number of PD2DSS symbols
	2

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

	Frequency offset hypotheses
	1 hyp.: 0 Hz
For 700 MHz:
3 hyp.:-7.5, 0, 7.5 kHz
5 hyp.:-9, -3, 0, 3, 9 kHz
For 2 GHz:
3 hyp.: -26.667, 0, 26.667 kHz
5 hyp.: -32, -16, 0, 16, 32 kHz 



Table 6. PD2DSS detection probability at SNR=-3 dB for different detectors () and carrier frequencies 700 MHz and 2 GHz, with frequency offsets uniformly distributed in [-10,10] ppm at the transmitter and receiver, respectively.
	Root indices
	700 MHz
	2 GHz

	
	
	
	
	
	
	

	(16,47)
	0.996
	0.996
	0.960
	0.898
	0.996
	0.978

	(22,41)
	0.996
	0.996
	0.790
	0.659
	0.989
	0.995

	(23,40)
	0.996
	0.997
	0.870
	0.790
	0.992
	0.994

	(26,37)
	0.997
	0.997
	0.912
	0.974
	0.995
	0.990

	(31,32)
	0.997
	0.994
	0.764
	0.785
	0.992
	0.899

	(38)
	0.997
	0.997
	0.903
	0.943
	0.995
	0.994

	(26,37,16)
	0.996
	0.996
	0.925
	0.948
	0.996
	0.986

	(26,37,22)
	0.996
	0.997
	0.869
	0.874
	0.790
	0.992

	(26,37,38)
	0.996
	0.997
	0.903
	0.961
	0.815
	0.992




[image: ]
Figure 6. Timing error for root indices  and  as function of frequency offset for a detector using partial correlation ().
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oleObject3.bin
   0         1         2       3       4         5        6         7        8       9        10      11      12      13 �

       SD2DSS�

   0         1         2       3       4         5        6         7        8       9        10      11     �

       PD2DSS�

       DMRS�
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5 SC-FDMA symbols spacing

1 SC-FDMA symbol spacing


image6.emf
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u=31

u=32


image1.emf
 0         1         2       3       4         5        6         7        8       9        10      11      12      13

SSS sequence from subframe 0 SSS sequence from subframe 5

       DMRS        SD2DSS        PD2DSS


oleObject1.bin
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SSS sequence from subframe 0�

SSS sequence from subframe 5�


