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1. Introduction
In [1], [5], we proposed multiple PSCs which can effectively reduce Rx complexity based on time-domain Zadoff-Chu sequence. From the contribution, the correlation operation of four PSCs based on 36-length ZC can be performed at a time. In addition to simultaneous correlation, the UE complexity can be also reduced by approximation. In this contribution, we propose multiple PSCs which is current working assumption as an updated version of [5].

2. Sequence type selection

 To satisfy the following requirements might be desirable as P-SCH sequence/structure.

1) Good auto-correlation and cross-correlation properties for timing acquisition

2) Support of low complexity in timing acquisition

3) Nx repetition structure to have less sensitivity of frequency offset and to support easier frequency offset estimation (also, possibly hybrid detection but not mandating)

4) Optimization of Cubic Metric (CM) considering boosting at SCH [2] (if needed)
5) Constant amplitude in frequency domain for good channel estimation at P-SCH considering coherent S-SCH detection
 ZC-based sequence with time-domain design can satisfy all requirements above. Regarding 2) related to complexity, we introduced “simple correlator” which can calculate simultaneous correlation up to 4 root sequences with 36-length ZC [1]. For all cases (N>3), the correlation of two root sequences, at least, can be calculated simultaneously due to its symmetry property. In addition, applying approximation method, the multiplication can be avoided. Therefore, the complexity for ZC can be reduced as much as or less than conventional binary (or QPSK) sequence by simultaneous correlation and approximation. 
3. Time domain design

Time domain design was firstly proposed in [4]. Figure 1 shows the block diagram for refined time domain design. It is the natural approach since the replica based timing detection is supposed to be performed by using PSCs. Time domain sequence with Nfr-length and Nre times repetition is firstly generated (Step 1 and 2). And then it is converted from time domain to frequency domain using Nfr*Nre DFT (Step 3). The frequency domain signal is to be converted into time domain after DC subcarrier puncturing. Note that the component at DC position should be punctured regardless of used PSC type.
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Figure 1 Flow of time domain design
4. PSC generation with time domain design approach
· Time domain / frequency domain definition
The PSCs can be specified either in time or in frequency domain by time-domain design approach.
Time domain definition from time-domain approach can be expressed like equation (1).
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where 
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 is transmitted signal with power normalization in time domain and 
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 is PSC sequence with DC component. 
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 is the selected sequence length and the notation ‘
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’ is one-to-one mapping with cell ID within a cell group ID according to current working assumption. The minus term in second equation represents “DC puncturing”.
Frequency domain definition from time-domain approach can be expressed like equation (2).
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where 
[image: image8.wmf](

)

os

Pk

 is transmission signal represented in frequency domain.
· Zadoff-Chu sequence as PSCs
In this chapter, we will investigate Zadoff-Chu sequence for multiple PSCs. That is, we select Zadoff-Chu sequence as 
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 in above equation (1) or (2). The overall procedure for time domain design follows that in Figure 1. We will skip the detailed description of time domain sequence generation for multiple PSCs. The detailed description can be found in [1].

N-length ZC sequence can be generated by using equation (3).
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where 
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 is an integer relatively prime to 
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Now, we will select the root sequences. If we choose one index which is 
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 set satisfying following equation (2).
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 The correlation of the selected root sequences based on equation (2) can be calculated simultaneously. For example, if we select m=1, 17, 19, 35 with 36-length ZC, the corresponding four root sequences can be processed simultaneously. Also, if we select m=1, 34 with 35-length ZC, the corresponding two root sequences can be processed simultaneously. The simultaneous correlation processes for 36-length and for 35-length are described in Annex A and Annex B, respectively.

5. Sequence selection

 We will consider four cases for 3 root sequences.

· M=1, 17, 35 with 36-length (selected in [1])

· One correlation operation for 3 root sequences is needed at 1st step.

· High peak at zero-delay between M=17 and 35 (~70%). - Figure 2 (a)

· Relative high CM (~=4.8 dB in M=17) - Figure 4
· M=1, 5, 35 with 36-length

· Two correlation operation for 3 root sequences is needed at 1st step

· Relative low cross-correlation to M=17 and 35 (but still ~40%) - Figure 2 (b)
· Relative low CM (~=2.5dB in M=5) to M=17 - Figure 4
· M=1, 2, 34 with 35-length

· Two correlation operation for 3 root sequences is needed at 1st step

· Low cross-correlation (~21%) - Figure 3 (a)
· Low CM (<2.2dB for all M) - Figure 4
· M=1, 4, 34 with 35-length

· Two correlation operation for 3 root sequences is needed at 1st step

· Relative high cross-correlation (~38%) - Figure 3 (b)
· Low CM(<2.1dB for all M) - Figure 4
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(a) M=1, 17, 35                                                                        (b) M=1, 5, 35
Figure 2 Cross-correlation with 36-length ZC
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(a) M=1, 2, 34                                                                      (b) M=1, 4, 34
Figure 3 Cross-correlation with 35-length ZC
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Figure 4 CM of 36-length and 35-length ZC
 From above observation, we recommend the combination of M=1, 2, 34 (or 1, 33, 34) with 35-length ZC.

6. Simulation results

We performed the simulation for initial cell search under multi-cell which consists of 19NodeBs with 3 sectors for each NodeB. Three PSCs for 1st step was used to detect symbol timing applying cross-correlation based detection and to find the cell ID (3) within a cell group ID. And then, the cell group ID (170), DL hopping indicator(2), and antenna configuration (3) were detected in S-SCH. We assumed all information in S-SCH within a NodeB is same, and is different across NodeBs. In 2nd step, ML coherent detection method was used for SSC detection. The CP configurations (short or long CP) were randomly selected for each subframe (1ms), and two FFT operations were used due to unknown CP length. The detailed simulation parameters were described at Annex C. Figure 5 shows the frame structure for simulation. 
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Figure 5 Frame structure for simulation
· Approximation effect
 In this section, we will investigate the effect of approximation. Two approximations were considered; one is strict approximation as shown in Annex A and the other is more or less loose approximation (QPSK approximation which is quantized to +1, -1, +j, -j) when timing acquisition is performed. We used the combination of M=1, 17, 35 with 36-length ZC for comparison. Note that the correlated operation by QPSK approximation would be less than that of the conventional binary sequence as much as about 1/3 due to the fact that the similar add operations to conventional binary sequence and the three simultaneous correlation operations. The detailed simulation conditions were described in [5].
 Figure 6 depicts the cell search time performance among some cases as mentioned above; No approximation, strict approximation, QPSK approximation. As shown in the figure, the effects of approximation are marginal even in the case of QPSK approximation which means loose quantization case.
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(a) Synchronous network                                   (b) Asynchronous network
Figure 6 Approximation effect
· Comparison of 35-length ZC with 36-length ZC

 In this section, we will investigate the performance between 35-length and 36-length ZC based PSC with 2x repetition structure. Note that the simulation conditions in this section are slightly different from other part. The simulation parameters for this section can be found in [6].
 Figure 7 (a) and (b) show the cell search time for initial and neighbour cell search, respectively. The 35-length sequence is slightly better in terms of the cell search time. 
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(a) Initial cell search                                                  (b) Neighbour cell search
Figure 7 Cell search time between 35-length and 36-length ZC
7. Conclusion

 In this contribution, we propose TD (time-domain) ZC sequence for multiple 3 PSCs. The proposed sequence can provide good correlation property, frequency-flat property, low CM, and low complexity. With respect to complexity, the complexity of ZC sequence can be reduced as much as conventional binary sequence. In addition, two simultaneous, at least, correlation can provide less complexity than conventional binary sequence. Therefore, we propose TD ZC sequence for PSCs.
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Annex A Illustration of cross-correlation for 4 PSCs (length 36)
This is for the case that the length N is even number and the number of root sequences is multiple of 4.  For simple explanation, we will describe the 36-legnth ZC which has 12 (4*3) root sequences.

Let us assume the received signal as r(n). The d-th delayed correlation value, 
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 From equation (2), 
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 have following relationship as shown from eq. A-(2) to eq. A-(5).
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 Let us define 
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 and the equations from eq. A-(6) to eq. A-(9).
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                                   A-(9)
where, from the notation Ra_x_y is related to equation A-(1). For example, the notation Reven_i_q represents the correlation output between the real values of received signal and the imaginary values of known signal for even indices.
Finally, we can acquire the correlation output 
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 as following equations from eq. A-(2) to eq. A-(9).
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                   A-(13)
If we ignore the complexity of sign inverter, the correlation output for all four candidates requires 140 real value additions and 28 real value multiplications. In addition, let us approximate some values as following.
0.93969->1, 0.17365->0.125(=1/8), 0.76604->0.75(=1/2+1/4), 0.34202->0.375(=1/4+1/8), 0.98481->1, 0.64279->0.625(=1/2+1/8), 0.99619->1, 0.70711->0.75(=1/2+1/4), 0.57358->0.625(=1/2+1/8), 0.42262->0.375(=1/4+1/8), 0.087156->0.125(=1/8), 0.81915->0.875(=1-1/8), 0.90631->0.875(=1-1/8)
Then, the complexity can be possibly reduced into 156 real value additions and 54 bit shifts. 
  A-Figure 1 shows the block diagram for detecting 4 root sequences simultaneously.
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A-Figure 1 Block diagram for proposed simultaneous detector for 4 root sequences
Annex B Illustration of cross-correlation for 2 PSCs (length 35)
This is for the case that the length N is odd number.  For simple explanation, we will describe the 35-legnth ZC.

Let us assume the received signal as r(n). The d-th delayed correlation value, 
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 From equation (2), 
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 have following relationship as shown from eq. A-(22) to eq. A-(5).
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Let us assume such that
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 Then, the correlation output for 2 root sequences can be calculated as follows;
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A-Figure 2 shows the block diagram for detecting 2 root sequences simultaneously.
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A-Figure 2 Block diagram for proposed simultaneous detector for 2 root sequences
Annex C Simulation conditions
A-Table 1 System parameters

	Parameter
	Explanation

	Carrier frequency
	2 GHz

	Sampling frequency
	1.92 MHz

	FFT size
	128

	Number of used subcarriers (including DC carrier) for traffic
	73 (1.095 MHz)

	CP type / detection
	Short or Long CP (randomly) / blind detection

	Timing acquisition
	Cross-correlation based detection

	S-SCH detection
	ML / Fully coherent detection by estimated channel at P-SCH

	Reference symbol detection
	Not performed

	Channel estimation
	DFT-based channel estimation

	Averaging duration
	10ms for 1st step / 5ms for 2nd step

	Used sequence
	P-SCH
	- 3 PSCs [ 35 / 36 length ZC sequence (2x repetition)]

	
	S-SCH
	- 71 length Circular shifted ZC

- QPSK modulation

	
	Reference symbol
	- The sector ID information is loaded by phase-rotated orthogonal sequence.

- 24 length ZC with phase-rotated orthogonal sequence

	
	
	(Each NodeB has different root sequence)

	Amount of information
	S-SCH
	2048

	(except for CP)
	
	

	
	Reference symbol
	3 (Phase rotated)


A-Table 2 Multi-cell related parameters

	Parameter
	Explanation

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Antenna horizontal pattern
	70 deg (-3dB) with 20 dB front-to-back ratio

	Inter-site distance (ISD)
	1732 m

	Propagation model
	L=128.1+37.6Log10(R), R in kilometres

	Propagation delay
	Applied

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1

	Correlation between sites
	0.5

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetrate loss
	20 dB

	BS Tx power
	40 dBm

	Number of Tx / Rx antennas
	1 Tx / 1 Rx

	Network condition
	-Synchronous network: Transmission is synchronized for all sectors

-Asynchronous network: Transmission is asynchronized for all NodeBs but synchronized within a NodeB.

	Channel model
	6-ray Typical Urban

	Vehicle speed
	3 km/h

	Frequency offset between BS and UE
	Uniform distribution within 5 ppm for each UE dropping

	
	(same frequency offset from all sites at a dropping)

	Frequency offset estimation
	Real estimation and compensation

	Sequence ID selection for each sector
	Randomly each UE dropping

	Criterion for successful cell ID detection
	If the local received signal power from detected cell is within 3dB of the strongest local received signal power
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(a) Multi-cell configuration                                             (b) UE dropping positions
A-Figure 3 Simulation environments
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