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1. Introduction
In the RAN WG1 #45bis meeting, the Text proposal on the SCH structure and cell search procedure has been agreed [1]. Two important issues still open are the structure of the SCH (Hierarchical SCH or Non-hierarchical SCH) and the cell ID structure and detection method (pure SCH based detection or reference signal involved SCH based detection). Numerous contributions have been devoted to these two particular issues, such as [2]-[10]. In our last contribution [2], we proposed a cell ID (cell ID group) mapping and detection scheme, which is capable of supporting a larger number of cell IDs (496) using only one SCH symbol. Our scheme is extremely suitable for the E-UTRA downlink for two reasons. Firstly, it can easily meet the baseline requirements on the number of cell IDs (512) by assigning a slightly longer differentially coded GCL sequence. Secondly, it is applicable to both the SCH structures (Hierarchical SCH or Non-hierarchical SCH), and both the cell ID structure and detection scenarios.
In this contribution, we refine our proposal by disclosing more details of the SCH symbol design, and conducting further simulations to verify our scheme.
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2. Proposed SCH structure

We design a new SCH structure, consisting of only one OFDM symbol. The proposed structure can be implemented either on its own (for Non-hierarchical SCH cell search) or it can be combined with other schemes (for hierarchical SCH cell search, serves as S-SCH). To clearly describe our scheme, we first focus on the Non-hierarchical SCH. In the proposed scheme, a cell ID is composed of two parts: a cell mask index corresponding to a sub-carrier cell-mask, which is a binary sequence, and a cell GCL sequence index corresponding to a differential GCL sequence in the frequency domain. 
(a) sub-carrier cell mask and cell-mask index
For the first part of the Non-hierarchical cell ID detection method, the sub-carrier mask acts like a switch array to control the state of a subset of the sub-carriers. Every ‘0’ in the mask sequence means turning the corresponding sub-carrier into a null sub-carrier and a ‘1’ enables the corresponding sub-carrier. Cells exert different masks on the sub-carriers according to the different cell-mask indices, these sub-carrier cell-masks can be recognized by power detection of frequency domain signals at the UE.
It is preferred that the hamming distances between a cell mask sequence and all its cyclic shift copies be made as large as possible. The m-sequence is optimal in this sense, thus, in our scheme, we choose 
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　is a cell mask index) to be an m-sequence, the length of which is 
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 is natural number). So we can totally discriminate 
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 distinct masks. 
In this contribution, we only use half sub-carriers from the 1.25MHz bandwidth, which is the basic bandwidth for SCH. Denote 
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 as the set of the sub-carriers involved in the process of cell ID detection (the index of the carrier frequency 
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Let 
[image: image14.wmf]load

S

 be the subset of sub-carriers from 
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 that will never be affected by all masks
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 represents the subset of sub-carriers controlled by the sub-carrier mask
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Thus, 
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According to the basic properties of m sequence, the number of ‘1’ in 
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Considering that 
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Figure 1  The relations among different sub-carrier sets
 (b) Cell GCL sequence 

For the second part of the Non-hierarchical cell search method, cells with different cell GCL sequence indices load unique differential GCL sequences 
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 is a cell GCL sequence index) on pairs of adjacent active sub-carriers. The number of distinguishable 
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 is bound by how many pairs of adjacent sub-carriers are available. Through exhaustive searching, we find that there are 17 pairs of active sub-carriers for each 
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Thus, the multiplexing of the differential GCL sequence can be expressed as
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where 
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where 
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, thus, there are 
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. Therefore, our two-step cell ID detection scheme can distinguish 
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Figure 2 illustrates the proposed Non-hierarchical SCH structure, in which the cell mask index 
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 is 19. (See Appendix A)
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Figure 2  Proposed Non-hierarchical SCH structure

If P-SCH and S-SCH are multiplexed by FDM onto the same SCH symbol and the proposed SCH structure is used as S-SCH, we can apply this scheme to the case of Hierarchical SCH cell search as shown in Figure 3.
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Figure 3 Proposed Hierarchical SCH structure
3. Proposed cell identification procedure

In this section, we address the procedure for cell identification. For a cell with a particular mask index 
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 and sequence index 
[image: image66.wmf]Q

, sub-carriers belonging to 
[image: image67.wmf]mask

S

 will be masked by 
[image: image68.wmf]G

d

 and sub-carriers with indices 
[image: image69.wmf](

)

12

(),()

GG

aa

SiSi

 will be loaded with 
[image: image70.wmf]Q

p

. Since we focus on the issue of cell identification, we assume OFDM timing/frequency synchronization has been perfectly achieved.
(a) Cell mask

Performing power detection of the received signal on sub-carriers belonging to 
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where 
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 is the received frequency domain signal. The cell mask index is estimated through peak searching
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(b) cell GCL sequence

Considering a successful cell mask identification has been achieved (
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where 
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 is the frequency response of the channel and 
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 denotes the noise in frequency domain. In the absence of noise and under the condition that 
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The cross-correlation between 
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Then the cell sequence index can be estimated from peak detection
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Considering that 
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 is a differential GCL sequence, 
(13)

can be implemented efficiently through  GOTOBUTTON ZEqnNum678440  \* MERGEFORMAT -point IFFT algorithm instead of correlations over multiple candidate sequences, which reduces computational complexity considerably.
4. Simulation results
Simulations were conducted to test the performance of the proposed cell identification scheme. The simulation parameters are given in Table 1. 

Table 1. Simulation parameters
	SCH bandwidth
	1.25 MHz

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	15KHz

	Sampling frequency
	1.92MHz

	FFT Size
	128

	Number of available sub-carriers
	75

	Number of sub-carriers involved in cell identification procedure
	37

	Number of cell masks
	31

	Number of GCL sequences
	16

	Number of cell IDs
	496

	SCH symbol structure
	Non-hierarchical model (Figure 2)

	Number of SCH symbol per 10 msec frame
	1

	No. TX antennas
	1, 2

	No. RX antennas
	2

	Number of frames for averaging 
[image: image91.wmf]M


	1, 3, 5

	Channel Model
	TU (6 rays)     3km/h (fd=5.56Hz)

TU (6 rays) 120km/h (fd=222.2Hz)

	Synchronization
	Perfect


Assuming that perfect OFDM timing/ frequency synchronization has been accomplished, Figure 4 (fd=5.56Hz) and Figure 5 (2TX) give the cell ID detection error rate performance of our scheme and the reference scheme [9], in the presence of  different SNR. To achieve good performance, both schemes perform cell ID estimation after averaging over 
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 preambles. The results show that our scheme has approximately a 0.8dB penalty compared to [9] when 
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, the performance gap sharply reduces to only 0.3dB (fd=5.56Hz) and 0.1dB (fd=222.2Hz). This slight performance degradation occurs because our scheme is a two-step estimation, thus, either a wrong estimation of 
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 or 
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 will lead to a cell ID identification error. As most companies suggest that one frame may contain more than one SCH symbols, the performance gap between our scheme and the reference scheme [9] can be expected to be no more than 0.3dB when the cell ID estimation is achieved after averaging one frame. Considering that our scheme is able to support 496 unique cell IDs, while that of  [9] is only 36 (under the condition that the length of GCL sequence is 37), the cost of 0.3dB is quite acceptable. 
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Figure 4 Cell ID detection error rate when UE moving at the speed of 3km/h (fd=5.56Hz)

TX =1 or TX=2 antennas, RX=2 antennas
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Figure 5 Cell ID detection error rate when UE moving at the speed of 120km/h (fd=222.2Hz)
TX =1 or TX=2 antennas, RX=2 antennas

5. Conclusion
In this contribution we propose a cell identification scheme for E-UTRA downlink. Using only one OFDM symbol as SCH, a UE is able to identify a specific cell ID from a larger number of cell IDs, e.g. 496, by a two-step estimation: a sub-carrier cell mask identification followed by a cell GCL sequence identification. The UE recognizes the sub-carrier cell mask via simple power detection of the received frequency domain signal. Then it identifies the cell GCL sequence by differential demodulation and detection of the GCL sequence. 

The proposed structure is applicable to both SCH structures and both cell ID structure and detection scenarios.. This proposal provides a simple solution to meet many requirements, such as the number of SCH symbols, the performance of cell search, the number of required cell IDs, the applicability for TDD, etc.

We propose that this scheme is adopted by RAN WG1 as the E-UTRA downlink cell identification mechanism.

Note: This proposal is based on the work from Dept. of Electronic Engineering, Shanghai Jiaotong University.
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Appendix A (cell mask bank)

The parameters of the m sequence: 
[image: image101.wmf]5

a

=

 and the primitive polynomial is 
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	1
	0000101011101100011111001101001

	2
	0001010111011000111110011010010

	3
	0010101110110001111100110100100

	4
	0101011101100011111001101001000

	5
	1010111011000111110011010010000

	6
	0101110110001111100110100100001

	7
	1011101100011111001101001000010

	8
	0111011000111110011010010000101

	9
	1110110001111100110100100001010

	10
	1101100011111001101001000010101

	11
	1011000111110011010010000101011

	12
	0110001111100110100100001010111

	13
	1100011111001101001000010101110

	14
	1000111110011010010000101011101

	15
	0001111100110100100001010111011

	16
	0011111001101001000010101110110

	17
	0111110011010010000101011101100

	18
	1111100110100100001010111011000

	19
	1111001101001000010101110110001

	20
	1110011010010000101011101100011

	21
	1100110100100001010111011000111

	22
	1001101001000010101110110001111

	23
	0011010010000101011101100011111

	24
	0110100100001010111011000111110

	25
	1101001000010101110110001111100

	26
	1010010000101011101100011111001

	27
	0100100001010111011000111110011

	28
	1001000010101110110001111100110

	29
	0010000101011101100011111001101

	30
	0100001010111011000111110011010

	31
	1000010101110110001111100110100








- 3/8 -

_1211460502.unknown

_1211461891.unknown

_1211462451.unknown

_1211462978.unknown

_1211559003.unknown

_1211559290.unknown

_1211559859.unknown

_1212229835.unknown

_1211559237.unknown

_1211463557.unknown

_1211463558.unknown

_1211462996.unknown

_1211462844.unknown

_1211462895.unknown

_1211462522.unknown

_1211462327.unknown

_1211462406.unknown

_1211462130.unknown

_1211462181.unknown

_1211461958.unknown

_1211461479.unknown

_1211461634.unknown

_1211461881.unknown

_1211461550.unknown

_1211460530.unknown

_1211460553.unknown

_1211460559.unknown

_1211461247.unknown

_1211460557.unknown

_1211460550.unknown

_1211460506.unknown

_1211460517.unknown

_1211460513.unknown

_1211460504.unknown

_1206960175.unknown

_1207088002.vsd

_1211460493.unknown

_1211460500.unknown

_1211460495.unknown

_1211460498.unknown

_1211458678.vsd

_1211460489.unknown

_1211460491.unknown

_1211460486.unknown

_1211459648.vsd

_1207088428.unknown

_1207088434.unknown

_1207088324.unknown

_1207088330.unknown

_1207088337.unknown

_1207088213.unknown

_1206961732.unknown

_1206962191.unknown

_1206964275.unknown

_1207087693.unknown

_1206962402.unknown

_1206962537.unknown

_1206962587.unknown

_1206962387.unknown

_1206962057.unknown

_1206962089.unknown

_1206961758.unknown

_1206961694.unknown

_1206961718.unknown

_1206961637.unknown

_1206915511.unknown

_1206915593.unknown

_1206915613.unknown

_1206915617.unknown

_1206915624.unknown

_1206958610.unknown

_1206915628.unknown

_1206915619.unknown

_1206915615.unknown

_1206915606.unknown

_1206915608.unknown

_1206915598.unknown

_1206915530.unknown

_1206915556.unknown

_1206915576.unknown

_1206915532.unknown

_1206915526.unknown

_1206915528.unknown

_1206915515.unknown

_1206915493.unknown

_1206915498.unknown

_1206915508.unknown

_1206915496.unknown

_1206915478.unknown

_1206915489.unknown

_1206915468.unknown

