3GPP TSG RAN WG1 #47                                                                                    R1-063165
Riga, Latvia
6 – 10, November, 2006
__________________________________________________________________________

Agenda item: 6.3.2
Source: LG Electronics
Title: S-SCH sequence design for E-UTRA
Document for: Discussion
__________________________________________________________________________

1. Introduction

 In last Seoul meeting, approach 1 which is 3-step cell search procedure using reference symbols was adapted as working assumption. [1]
 We assumed that only sector ID can be detected in reference symbols and that remained information can be detected in S-SCH in this paper. The following amount of information would be required at least in 2nd step at S-SCH under above assumptions;
· Number of cell group IDs (NodeB IDs): 170

· Number of antenna configuration: 3 

· Frame synchronization information: 2

 The following amount of information would be required at least in 3rd step at reference symbol;
· Number of sector IDs: 3

The amount of required information at S-SCH and at reference symbols would be, respectively, equal or more than 1020 (=170*3*2) and 3.
 In this paper, we propose the S-SCH sequence which can load the above information and which has good cell search time performance.
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Figure 1 Frame structure
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Figure 2 Proposed 3-step cell search flow
2. S-SCH sequence design

Figure 1 and Figure 2 show our preferred SCH structure and cell search flow, respectively. It is noted that the reference symbol structure/sequence is to be FFS. The description of P-SCH will be skipped since it is described in [2]. 

2.1 For cell group ID (NodeB ID) and antenna configuration
 The amount of information to be detected in S-SCH would be more than 1020 as described above. Since we propose rotated constellation for frame synchronization which will be described in section 2.2, 510 information would be required at S-SCH. In this chapter, we will consider two 2-layered codes as mentioned in [3]. One is circularly shifted Zadoff-Chu [4], and the other is Zadoff-Chu modulated by Hadamard sequence. Of course, a kind of PN sequence modulated by Hadamard could be taken into account. However, we will exclude a kind of PN modulated by Hadamard since it cannot be optimized from the view point of PAPR.
· Circular shifted Zadoff-Chu
 The circular shifted Zadoff-Chu was proposed in [4], in which it is almost same as phase-rotated ZC [3] and complex exponential wave [5] mathematically. The circular shifted Zadoff-Chu can be generated both in time and frequency domain. In case of frequency domain generation, the circular shifted Zadoff-Chu with M mother sequence can be generated by using equation (1). 
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 is Zadoff-Chu sequence with sequence index M, and 
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 represent frequency index, delay index, the number of delay index, respectively. 
By applying this approach, the amount of information at S-SCH can be increased as many as more than 510, and also this sequence still has CAZAC property. In here, we define the sequence index as the index of Zadoff-Chu without circular shift and the delay index as the index resulted from circular shift. 
Basically, Zadoff-Chu with prime number length has some advantages which are constant absolute value of cross-correlation (=1/sqrt(N)) among sequences with different indices and the number of sequence indices. The number of available sequence index is the number of natural numbers which is below the length and which is relatively prime to the length. For example, the number of available sequence indices (different mother sequence) is to be 70/24/32 when the sequence lengths were, respectively, 71/72/64. Since 72 subcarriers (6 RBs) can be occupied for 1.25 MHz, we select 71 which is prime number as the length of Zadoff-Chu which has 70 number of sequence indices. Also, we select 8 as the number of delay indices. The possible amount of information would be 560 (=70*8) from this selection. Figure 3 shows the cross-correlation properties between two different circular shifted Zadoff-Chu for all cases. Also, PAPR can be optimized by this sequence.
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(a) Zadoff-Chu sequence with length 71                            (b) Circular shifted Zadloff-Chu with length 71
Figure 3 Correlation property (Circular shifted Zadoff-Chu)
· Zadoff-Chu modulated by Hadamard
 The Zadorff-Chu modulated by Hadamard can be expressed as equation (2).
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 is Hadamard sequence with 
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Since the length of Hadamard sequence should be power of 2, we select the length of Zadoff-Chu and Hadamard as 64 for both sequences. The available number of sequence indices for Zadoff-Chu would be 32. Therefore, the possible amount of information might be 2048 (=32*64).
However, this Zadoff-Chu modulated by Hadamard cannot ensure the PAPR for all sequences. For example, let us assume 64 length Zadoff-Chu modulated by Hadamard. Figure 4 shows PAPR property of Zadoff-Chu modulated by Hadamard without windowing. Since the sequence to maintain low PAPR is to be 16 which is from column 1 to column 16 in Hadamard sequence, the available number of sequences would be 512 (=32*16).
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(a) Time domain signal                                                   (b) PDF of PAPR[dB]

Figure 4 Time domain property for N=64 (Zadoff-Chu modulated by Hadamard)
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(a) Zadoff-Chu sequence with length 64 (Nidx=32)             (b) Hadamard sequence with length 64 (Nidx=16)
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(c) Zadoff-Chu modulated by Hadamard with length 64 (Nidx=512)

Figure 5 Correlation property (Zadoff-Chu modulated by Hadamard)
Also, since the number 64 is not a prime number, the cross-correlation properties between different mother sequences would be degraded. Figure 5 shows cross-correlation property of Zadoff-Chu modulated by Hadamard. The poor correlation property is basically resulted from ‘composite number length’ Zadoff-Chu sequence. Therefore, some cell planning would be required in allocating sequence indices into the NodeBs.
· Comparison of above two sequences

With respect to circular shifted Zadoff-Chu sequence, the following characteristics can be found;

· Advantages

· Good cross correlation property for all sequences
· Faster cell search time can be achieved.

· The operator can select sequence index for each NodeB without any cell planning.

· PAPR can be optimized.
· 71 subcarriers (1.08 MHz including DC subcarrier) can be used of total 72 subcarriers. (Only one subcarrier is not used.)
· Disadvantage

· Relatively high complexity to Zadoff-Chu modulated by Hadamard

With respect to Zadoff-Chu sequence modulated by Hadamard, the following characteristics can be found;
· Advantages

· Low complexity relatively to circular shifted Zadoff-Chu 

· PAPR can be optimized by selection

· Disadvantages

· Poorer cross correlation property
· Slower cell search time relatively to circular shifted Zadoff-Chu
· Some kind of cell planning would be required.

· 64 subcarriers (0.975 MHz including DC subcarrier) can be used of total 72 subcarriers. (8 subcarriers is not used)
 The cell search time performance of these two sequences will be shown in chapter 3.

2.2 Frame synchronization
 In [4], the concept of ‘Rotated constellation’ at P-SCH was introduced in order to add information. It can be also applied at S-SCH in the same way. This concept at P-SCH might be some buffering after S-SCH decoding. Therefore, we propose the application of Rotated constellation into S-SCH since we consider coherent S-SCH detection by channel estimation at P-SCH. To remind it, S-SCH sequence with Rotated constellation in time domain can be represented as equation (3).
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where 
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 is time index, and 
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is the amount of information to be added. Of course, frequency domain expression is the same as this.

 In case of 
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 which is one bit, S-SCH with Rotated constellation can be detected by coherent detection without hypothesis detection. Information can be identified by sign of real part of correlated output between detected 
[image: image23.wmf](

)

sn

 and channel-compensated received S-SCH after Step 2-1 in Figure 2.
 Let us assume 1st S-SCH and 2nd S-SCH use the circular shifted Zadoff-Chu with same information and only different sign modulation are applied for each S-SCH, in which 1st S-SCH and 2nd S-SCH are modulated by +1/-1, respectively. Coherent detection can be performed not only at Step 2-1 but also Step 2-2 and can increase the amount of information at S-SCH. Also, by this structure, we can identify the cell group ID, antenna configuration, and frame synchronization within 5ms.
 Therefore, we propose that 1st S-SCH is to be modulated by +1 and 2nd S-SCH is to be modulated by -1 in order to identify frame synchronization. 
2.3 Sector ID detection
 Sector ID can be detected in reference symbol. We assumed that the reference symbol for 3rd cell search step is located only in the subframe which includes SCH like Figure 1. The reference symbol for 3rd step should be optimized further.
3. Simulation results

 In this chapter, we will evaluate the cell search time performance under multi-cell environment. The scenario for simulation is as follows;
· Step 1 in Figure 2 (P-SCH)
· Cross-correlation based detection in timing acquisition
· Frequency offset estimation and compensation

· Step 2-1 in Figure 2 (S-SCH)
· Coherent detection of cell group ID (NodeB ID) from circular shifted ZC or ZC modulated by Hadamard

· Step 2-2 in Figure 2 (S-SCH)
· Coherent detection of frame synchronization

· Step 3 in Figure 2 (reference symbol)

· Final coherent cell ID identification by channel estimation at S-SCH
 The remained simulation parameters and conditions were shown in Annex A.
· Cell search time performance in each step 
 Figure 6 shows the cell search time performance for each step. From this figure, we can find that the proposed S-SCH is feasible except for reference symbol. Especially in asynchronous network, performance is degraded at Step 3 since only 23-length sequence was used in reference symbol. The optimization of reference symbol should be further studied.
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(a) Synchronous network                                       (b) Asynchronous network

Figure 6 Cell search time performance – according to each step
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(a) Synchronous network                                           (b) Asynchronous network
Figure 7 Circular shifted Zadoff-Chu and Zadoff-Chu modulated by Hadamard (upto Step 3)
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Figure 8 Circular shifted Zadoff-Chu and Zadoff-Chu modulated by Hadamard in asynchronous network (upto Step 2-2)
Figure 7 shows the comparison between circular shifted Zadoff-Chu and Zadoff-Chu modulated by Hadamard. The cell search time performance of ZC-Hadamard is degraded in all ISD cases compared with CS-ZC. This is not only because of cross-correlation property but also because of frequency diversity effect as mentioned above section 2.1. The cell group IDs (NodeB IDs) were allocated randomly for both CS-ZC and ZC-Hadamard.  Figure 8 shows the performance in case of cell search up to Step 2-2, in which the performance of ZC-Hadamard is more degraded than 3 Step case. From the simulation results, CS-ZC is more preferable from the view point of cell search time performance.
4. Conclusions

 In this paper, we investigated 3-step cell search method. As a conclusion, we propose the S-SCH sequence as follows;
· Circular shifted Zadoff-Chu sequence
· Cell group ID (NodeB ID)

· Antenna configuration

· Occupied in 1.08 MHz (72 subcarriers including DC subcarrier)

· Modulation by +1 for 1st S-SCH and by -1 for 2nd S-SCH

· Frame synchronization

References
[1] R1-062990, Nokia, Ericsson, Siemens, TI, NTT DoCoMo, Motorola, Freescale, Institute for Infocomm Research, Panasonic, Mitsubishi Electronic, Toshiba, CATT, NEC, Nortel, Interdigital, “Outcome of cell search drafting session”
[2] R1-063164, LGE, “P-SCH design for E-UTRA”
[3] R1-062720, NTT DoCoMo, Institute for Infocomm Research, Mitsubishi Electric, Panasonic, Toshiba Corporation, “SCH Sequence Configuration for E-UTRA Downlink”
[4] R1-062560, LGE, “SCH Structure and Sequences for Cell Search”
[5] R1-062605, Motorola, “SCH Design for Initial Cell Search for E-UTRA DL”
Annex A. Simulation parameters/conditions
	Parameter
	Explanation

	Carrier frequency
	2 GHz

	Transmission bandwidth
	1.25 MHz

	Sampling frequency
	1.92 MHz

	FFT size
	128

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

	CP type
	Short CP

	Timing acquisition method
	Cross-correlation based detection

	S-SCH detection
	Coherent detection by estimated channel at P-SCH

	Reference symbol detection
	Coherent detection by estimated channel at S-SCH

	Averaging duration
	1 radio frame (10ms)

	Used sequence
	P-SCH
	Cell-common 36 length Frank sequence (2x repetition)

	
	S-SCH
	71 length Circular shifted Zadoff-Chu with +1 (for 1st S-SCH) and -1 (for 2nd S-SCH) modulation

	
	Reference symbol
	23 length Zadoff-Chu with phase-rotated orthogonal sequence

	Amount of information
	S-SCH
	CS-ZC
	1104 (69*8*2)

	
	
	ZC-Hadamard
	1024 (32*16*2)

	
	Reference symbol
	3
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(a) Multi-cell environment                                     (b) UE dropping position for entire cell
Figure 9 Cell configuration and UE dropping position
	Parameter
	Explanation

	Cell layout
	Hexagonal grid, 3 sector sites

	Number of NodeBs / sectors
	7 / 21

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

	Inter-site distance (ISD)
	1000 / 1732 / 10000 m

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

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetrate loss
	20 dB ( 0dB for ISD 10000m )

	BS Tx power
	40 dBm

	Number of Tx / Rx antennas
	1 / 1

	Network condition
	Synchronous / Asynchronous

	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

	Criterion for successful timing acquisition
	Within CP range to reference timing
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Figure 10 Criterion for successful timing detection
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