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I. Introduction

Cell search is an important issue in cell-based communication systems.  Before data signals can be transmitted, the preamble sequences assist cell search and establishment of the initial radio link. Each base station has its own cell-specific preamble sequence, and the mobile station decides which base station to connect to based on the received preamble. Therefore, the preamble sequences employed greatly affect the performance of cell search.
Two basic requirements for the preambles in orthogonal frequency division multiplexing (OFDM) systems are low peak-to-average power ratios (PAPRs) and low cross-correlations between any two distinct preamble sets. The pseudo-noise (PN) preamble sequences in 802.16e are determined by using massive computer search [1]. No structures of the employed preamble sequences are known.
In this document, we propose a preamble sequence based on quasi complete complementary codes (QCCCs), which comprise several sets of quasi auto-complementary codes (QACCs). The constructed QCCCs have low PAPRs and good auto-correlation/cross-correlation properties. Simulation results show that the proposed QCCC-based preambles perform as well as the computer-searched preambles employed in 802.16e, and the rich algebraic structures of QCCCs admit efficient encoding and decoding algorithms.
II. Preamble Structure
The proposed preamble structure in the time domain is the same as that in 802.16e as shown in Figure 1. There is one OFDM symbol in the preamble which is transmitted before other data symbols. And the proposed preamble structure in the frequence domain is shown in Figure 2, where there are two sequences in the preamble. The employed sequences for one cell-specific preamble are the two (different) composing sequences in one QACC of the constructed QCCC. All the QACCs of the constructed QCCC of length 128 are listed in Appendix A. We allocate the preamble binary sequence pair 
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where 
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 is the frequency-domain BPSK modulated signal at the 
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th subcarrier for segment 
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. For example, the Figure 3 shows the preamble in the frequency domain for segment 0.
III. Construction of Quasi Complete Complementary Codes
Before we provide the construction of the QCCCs, we introduce some defitions and notations. Let 
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Figure 1: Preamble structure in the time domain.
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Figure 2: Preamble structure in the frequency domain using QCCC.
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Figure 3: Frequency domain allocation using QCCC for segment 0.
And the aperiodic cross-correlation function 
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We also denote the 
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-tuple vectors by 
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and 
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, which is the all-one vector. For vectors 
[image: image28.wmf]011

=(,,,)

n

aaaa

-

K

 and 
[image: image29.wmf]011

=(,,,)

n

bbbb

-

K

, let 
[image: image30.wmf]001111

=(,,,)

nn

abababab

--

×××

K

 where “
[image: image31.wmf]×

” represents the product. Then the definitions for the QACC and QCCC are given below.

Definition 1  We call a pair of length-
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If the left equality holds, this set is in fact an auto-complementary code (ACC) [2] of order 2 or called a Golay pair [3].
Definition 2  The 
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If the left equality holds and every pair is an ACC, then the 
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 sets constitute a complete complementary code (CCC) [2]. Hence QCCCs are modifications of CCCs with slight imperfections in the correlation properties. The construction of high-order QCCCs composed of QACCs of order 2 and length 128 is given below.
[QCCC Construction]  Let 
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where 
[image: image62.wmf],{0,1}

pq

Î

 and 
[image: image63.wmf]Å

 denotes binary addition, then  
[image: image64.wmf]{

}

,,,,,,,,,,

1

,

sktpqsktpqskt

d

ccv

Å

 is a QACC of length 
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, we can obtain that there are 
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 composing QACCs in the constructed QCCC as listed in Appendix A.
IV. Properties of QCCC
The maximum PAPRs of the preambles using QCCC and the 802.16e preambles are calculated and compared in Table 1. We can see that the PAPR values of QCCC-based preambles are similar to those of the 802.16e preambles. In Table 1 , we also consider the average absolute values of the cross-correlations of QCCC and PN sequences used in 802.16e. Since the cross-correlations of the sequences in the same ACC of order 2 are summed as in Definition 2, the largest possible cross-correlation is twice the sequence length while that of PN sequences is equal to the sequence length. The ratio of the average absolute value of the cross-correlation to the largest possible value is used as the comparison criterion for the correlation property. It can be found that the ratio of PN sequences of length 284 in 802.16e is approximately the same as that of the QCCC of length 128. Thus when the correlation property is concerned, QCCC also performs as well as the PN sequences employed in 802.16e.
Table 1: Comparisons of PAPR and cross-correlation between QCCC-based and PN-based 802.16e preambles 

	Preamble Type 
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 QCCC-based 
	802.16e PN-based 

	PAPR (dB) 
	 4.41 
	 4.35

	Length (
[image: image70.wmf]len

N

)
	 128 
	 284

	Number of sequences (
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)
	 2 
	 1

	Average cross-correlation (
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	8.01
	8.99
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	0.031
	0.032


V. Simulation Results
We consider OFDM systems of 1024 subcarriers, 10MHz bandwidth, and 11.2MHz sampling frequency as specificed in [4]. The symbol duration is 91.43 
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s and the guard time is 11.43 
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s. The carrier frequency is 2.5 GHz, and the standard in [5] specifies a maximum oscillator error of 22 parts per million (ppm), which corresponds to the maximum possible frequency error of 
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 subcarriers.
We consider the modified ITU Pedestrian B and Vehicular A channel models, which has the delay profile and the power profile given in Table 23 of [4] with each tap an independent, zero-mean complex Gaussian random variable.
For computer simulations, the joint frequency-offset estimation and cell search detection algorithm modified from [6] is employed. The frequency offset is set within 
[image: image77.wmf]6
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 subcarriers. The order of the QCCCs of length 128 is 120, and we randomly choose 114 sets from those as cell-specific preamble sequences to be comparable with those in 802.16e. In Figures 4 to 6, we can see that the QCCC-based preamble performs as well as the PN-based preamble under diferrent channel models and different velocities.
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Figure 4: Performance comparison between PN-based and QCCC-based preambles on modified ITU Pedestrian B channel with velocity 3km/hr.
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Figure 5: Performance comparison between PN-based and QCCC-based preambles on modified ITU Vehicular A channel with velocity 30km/hr.
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Figure 6: Performance comparison between PN-based and QCCC-based preambles on modified ITU Vehicular A channel with velocity 120km/hr.
VI. Conclusion 

In this contribution, we propose a new preamble sequence based on QCCCs. The constructed quasi complete complementary code of length 128 has order 120. They possess the properties of low PAPRs and small cross-correlation values between every two composing QACCs. Simulation results show that the QCCC-based preambles perform as well as the original computer-searched PN-based preambles in 802.16e.

Since the PN sequences employed in 802.16e have no known structures, all the preamble sequences need to be stored for transmission and detection. Also during cell search, all the preamble sequences should be compared to determine the transmitted sequence. While the proposed QCCCs possess rich algebraic structures, thereby admitting low-complexity encoding and decoding algorithms, which may significantly accelerate the process of cell search and reduce the excessive amount of hardware memory in transceiver design.

VII. Text Proposal 

---------------------------------------------------------Start of the Text-----------------------------------------------------------

[Editor’s Notes: add the following into the TGm System Description Document]

11.x Downlink Preamble
11.x.1 Preamble Structure
11.x.2 Preamble Code Sequences

    Code sequences of IEEE 802.16m preamble is based on Quasi Complete Complementary Codes, which is constructed by the following procedure.
The construction of high-order QCCCs composed of QACCs of order 2 and length 
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[QCCC Construction]  For any integer 
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With the construced QCCC sequences, we allocate the preamble binary sequence pair 
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 of length 
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-----------------------------------------------------------End of the Text---------------------------------------------------------
Appendix A – QCCC of length 128
Here is the list of the constructed QCCC of length 128. The vector 
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Note that 
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-tuple binary vectors with all-zero components except a single nonzero (one) component, i.e., their Hamming weights are one.
Table 2: List of 120 QACCs of the constructed QCCC of length 128
	Permutation
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