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1. Introduction

In last Kobe meeting, it was agreed that the PSC should be located within 64 subcarriers including DC, which correspond to 0.96MHz bandwidth. The PSC can be generated from 63, 64, or 65-length ZC considering frequency offset sensitivity according to working assumption.
In this contribution, we will select appropriate PSC set considering frequency offset sensitivity, complexity, correlation profile and cubic metric.

2. Considerations on Complexity
 ZC sequence is defined as equation (1).
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where 
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Frequency domain ZC sequence has following properties;
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If time-domain signal also has conjugate symmetry property between two root indices as in FD ZC, the complexity of 3-PSC correlators can be reduced as much as ~33.3% since the correlations of two root indices can be calculated simultaneously. [1], [2]. 

Assuming the mapped sequence in frequency domain, 
[image: image6.wmf](

)

m

Dk

, from FD ZC, 
[image: image7.wmf](

)

m

Pk

, into subcarriers, we introduce some definitions from (3) to (4) as time domain root-symmetry and time-domain central-symmetry.
TD root-symmetry: 
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TD central-symmetry: 
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With frequency-domain ZC, the specific mapping would be required in order to satisfy above property in time domain signal. The necessary and sufficient condition for root-symmetry property is time domain central-symmetry. More, frequency domain central-symmetry is also necessary and sufficient condition for time domain central-symmetry [3] with a given FFT window size. The proof of root-symmetry condition when Nzc is odd number was derived in Annex A. 
3. PSC mapping
 Based on the observation in chapter 2, we take 4 candidates for PSC mapping into account as shown in Figure 1.  We summarize their descriptions as follows;
· Case 1: Generation from Nzc=63 [3] - Figure 1 (a)
· One subcarrier within 0.96MHz will not be used.

· It can perfectly hold Root-symmetry (also time domain central-symmetry) regardless of sampling rate.

· Case 2: Generation from Nzc=63 (cyclic extension) - Figure 1 (b)
· All subcarriers within 0.96MHz will be used.

· It can perfectly hold Root-symmetry (also time domain central-symmetry) only with 0.96MHz sampling rate (64-IFFT sample).

· Case 3: Generation from Nzc=64 [4] - Figure 1 (c)
· All subcarriers within 0.96MHz will be used.

· It cannot perfectly hold Root-symmetry (also time domain central-symmetry) for all sampling rates.

· Case 4: Generation from Nzc=65 (truncation) - Figure 1 (d)
· All subcarriers within 0.96MHz will be used.

· It can perfectly hold Root-symmetry (also time domain central-symmetry) only with 0.96MHz sampling rate (64-IFFT sample).
The proofs for holding root-symmetry in Case 1, Case 2, and Case 4 were described in Annex B.
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(a) Generated from Nzc=63
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(b) Generated from Nzc=63 (Cyclic extension)
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(c) Generated from Nzc=64
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(d) Generated from Nzc=65 (truncation)

Figure 1 4 candidates for PSC mapping
3. Root indices selection
Our selection was done under 0.96MHz sampling rate (64-samples during 66.7us) since we allowed 0.96 MHz sampling rate for P-SCH due to the complexity.

In order to investigate frequency offset sensitivity, we defined ambiguity function as max of undesired peak to desired peak using aperiodic auto-correlation profile. The ambiguity function was averaged varying within (5ppm at 2GHz carrier frequency with uniformly distribution. When frequency offset is within (1ppm, both of 1-part and 2-part correlation were averaged with same weight. Otherwise, only 2-part correlation was averaged. Figure 2 (a) and Figure 2 (b) show frequency offset sensitivity and raw Cubic Metric, respectively.
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(a) Frequency offset sensitivity                                                   (b) raw Cubic metric
Figure 2 Frequency offset sensitivity and raw CM
Based on the above results of frequency offset sensitivity, we selected three root indices which have the lowest FO sensitivity for each case. Our selected root indices were summarized as shown in Table 1. The selected root combinations other than Case 3 can satisfy time domain root-symmetry which can implicitly reduce the UE complexity.
Table 1 Comparison of the selections

	
	Case 1
	Case 2
	Case 3
	Case 4

	Root index
	34
	29
	25
	34
	29
	25
	29
	31
	27
	31
	34
	38

	FO sensitivity
	0.20204
	0.20204
	0.22885
	0.18631
	0.18631
	0.21613
	0.37447
	0.37564
	0.38151
	0.16547
	0.16547
	0.17942

	Raw CM[dB]
	2.2763
	2.2763
	2.3062
	2.2318
	2.2318
	2.2179
	2.9416
	4.6762
	4.2103
	4.2067
	4.2067
	2.6442

	Mean value of cross-correlation
	0.015622
	0.015569
	0.015185
	0.015019

	Root symmetry with 0.96MHz sampling rate
	O
	O
	X
	O


From Figure 3 to Figure 6, the auto-correlation profiles both for 1-part (0.1ppm FO) and 2-part correlation (5.0ppm FO) were shown for each case. For reference, the profiles for 2x repetition structure were also shown. Case 4 is slightly preferable from correlation profile, but in general, most of them other than Case 3 have good correlation profiles. Note that the correlation profile for Nzc=64 (Case 3) shows larger 2nd peak than that for 2x-repetition case in 5ppm FO (~65% vs. ~50%). 
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(a) 5ppm, 2-part corr                                                          (b) 0.1ppm, 1-part corr

Figure 3 Auto-correlation profile, Case 1 (Nzc=63)
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Figure 4 Auto-correlation profile, Case 2 (Nzc=63, cyclic extension)
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(a) 5ppm, 2-part corr                                                          (b) 0.1ppm, 1-part corr

Figure 5 Auto-correlation profile, Case 3 (Nzc=64)
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Figure 6 Auto-correlation profile, Case 4 (Nzc=65)
4. Replica-based correlation with down-sampled signal
Figure 7 shows an example for timing acquisition procedure at UE side. Note that UE has to perform 30.72MHz sampling process in order to avoid aliasing from Nyquist Criterion because UE does not know the practical transmission bandwidth at that step. Therefore, the received samples during 66.7us would be 2048 samples. In order to operate correlator for timing acquisition, UE can use any sampling rate from 0.96MHz samples (64-samples) to 30.72MHz samples (2048-samples) as a reference signal.
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Figure 7 Illustration on timing acquisition step (at UE)
Obviously, to use 2048 sample correlation is the most beneficial from more samples for interference averaging. However, the complexity is quite significant particularly in neighbor cell search since the number of samples during 5ms is 153600. Therefore, to use 64-sample decimation would be the best from complexity viewpoint. The cross-correlation with decimation can be calculated as shown in equation (5).
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where 
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Figure 8 shows the normalized aperiodic correlation property of 128-sampled and 64-sample referenced signal when 128-samples are received. For 64-sample referenced signal, the equation (5) was used. Although the correlation profiles are almost similar to each other, the detection performance could be affected by the number of samples to average interference. 
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(a) Full range                                                                (b) Range from -10 to 10
Figure 8 Auto-correlation profile (Nzc=63, M=34)
5. Simulation results
The parameters of link level simulation are listed in Table 2. The 81-order FIR filtering for 0.96MHz and ideal rectangular filtering for 1.92MHz were employed. In case of (5ppm FO, 2-part replica-based timing acquisition was adapted. In case of (0.1ppm FO, 1-part replica-based one was adapted. Hypotheses based frequency offset estimation was applied for frequency offset estimation. We employed FIR filtering before 0.96MHz decimation since the 0.96MHz filtering should be done in timing acquisition step. 

Table 2. Link level simulation parameters
	Parameters
	Explanation

	Carrier frequency
	2GHz

	Sampling frequency
	1.92MHz

	FFT size
	128

	# of used subcarriers
	64

	CP type
	Short CP

	# of hypotheses in S-SCH
	680

	# of antennas
	1 Tx and 2 Rx

	Filtering
	81-order FIR filtering for 0.96MHz

	PSC
	Case 1, 2, 3, 4

	SSC
	two 32-length Golay modulated

	
	Hadamard sequences (interleaved structure)

	Frequency offset
	±5ppm and ±0.1ppm

	Timing acquistion
	2-part replica based for ±5ppm

	
	1-part replica based for ±0.1ppm

	Number of PSC samples to be correlated
	64-samples/128-samples

	Frequency offset estimation
	Hypotheses based estimation

	Channel estimation
	Real estimation

	Channel model
	6-ray TU

	Speed
	30km/h


Figure 9 depicts 95% cell search time between 64-sampled signal and 128-sampled signal which are the referenced signal to be correlated in timing acquisition step.  Under large frequency offset environment (5ppm), 128-samples correlator is clearly better than 64-samples one as much as ~18ms at SNR -10dB. However, under low frequency offset environment (0.1ppm) which reflects some parts of neighbor cell search, both show similar cell search time performance.
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Figure 9 95% cell search time of down-sampled correlation (Case 4)
Figure 10 depicts 95% cell search time performance for several mapping rule described in chapter 3. As shown from the simulation results, all candidates show similar performance under given environment.
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Figure 10 95% cell search time for four PSC mapping
6. Conclusion
 In this contribution, we analyzed some PSC length/mapping. Our discussions can be summarized as follows;
· Implementation of 64-sample decimation (0.96MHz) seems to be reasonable.

· All candidates for PSC length/mapping show similar link level performance.

· The perfect root-symmetry, at least, for 0.96MHz sampling rate is important for complexity reason.

· Considering implicit problem of ambiguity peak for neighbor cell search, the level of sidelobe for auto-correlation profile should be considered to select PSC scheme.

From the discussion, our choice among them is Case 4 or Case 1, but Case 4 is more preferable than others from the viewpoint of correlation profile and occupation of all subcarriers within 0.96MHz.
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Annex A Condition for Root-symmetry property
The time-domain sample, 
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where 
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From (A-1) to (A-3), the necessary and sufficient condition for root-symmetry, 
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Annex B TD root-symmetry property for Case 1, Case 2, and Case 4
From ZC definition with odd-length, the following equation (B-1) is satisfied.
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From Figure 1 and equation (B-1), the mapped signal can satisfy equation (B-2).
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Time-domain signal after Nfft-IFFT operation is as equation (B-3).
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And TD root-symmetry signal can be described as follows;
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· Case 1: Since 
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