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1. Introduction

This contribution summarizes the preamble sequence design for random access channel of E-UTRA.  The preamble sequence is based on GCL (generalized chirp-like) sequence and Walsh-Hadamard sequence.  

Random access preamble consists of a preamble sequence for quick access acquisition.  The preamble sequence should have good correlation property for good detection performance under various channel conditions.  Besides, the preamble sequence should have low PAPR (Peak-to-Average Power Ratio), or low cubic metric so that the PA (power amplifier) de-rating of uplink transmission is minimal.  

A common choice of preamble sequence is the CAZAC (Constant Amplitude Zero Auto-Correlation) sequence, due to its optimal auto-correlation property.  The GCL (Generalized Chirp-Like) sequence, as one type of CAZAC sequence, has excellent auto-correlation and cross-correlation properties.  This is the reason that GCL sequence is one of the most popular choices for random access channel for E-UTRA.

2. Sequence Design
With DFT-S-OFDM as the transmission technique for uplink, the random access preamble should follow the same numerology for easy implementation and/or multiplexing with other channels.  The DFT-S-OFDM modulation should be applied to generate preamble sequence.  That is, the input sequence of the DFT-S-OFDM modulation is used in our discussion to identify a preamble sequence.  
Given bandwidth and time duration for a preamble sequence, the number of occupied subcarriers and the number of DFT-S-OFDM symbol duration can be obtained.  With this information, we are able to design a preamble sequence according to its bandwidth and time duration requirements.
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Figure 1    Preamble Sequence Design

Let gn as a GCL sequence with length Ng, and wn as a Walsh-Hadamard sequence with length Nw.  A length N=NgNw sequence can be obtained by spreading gn with the spreading sequence wn, as shown in an example of Figure 1.  Note that the transmit preamble sequence is obtained through DFT-S-OFDM modulation with the length-N sequence as the input.
3. Preamble Design Examples
Different configurations of GCL and Walsh sequences can be applied to support different random access channel design.  As an example, for a synchronized random access channel, the allocated bandwidth is 1.25MHz and 7 symbols are used for preamble.  Hence, Ng=75 and Nw=2 corresponds to length N=150 for the preamble sequence.  For non-synchronized random access with CDM allocation of preamble, the GCL sequence length can be as high as Ng=300 for a 5MHz allocation, and Walsh sequence length is Nw=4.  This achieves N=1200 as the preamble sequence length.  For non-synchronized random access with TDM/FDM discussed in [7], one 0.5ms sub-frame is used using 6 symbols only to account for the 1 symbol guard time.    
Table 1    Preamble Sequence Design Configurations
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Table 1 illustrates design examples for both synchronized and non-synchronized random access.  Note that in this table, the number of access opportunities are calculated over 1 second.  
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Figure 2    Correlation Property of Extended GCL Sequence

4. Correlation Property of GCL sequence
When its length is a prime number, GCL sequence has optimal cross-correlation property.  This indicates that the desirable length of the GCL sequence should be a prime number.  However, in implementation it might be hard to fit a sequence with a prime number length.  We may use truncation or extension method to generate the desired length sequence from a GCL sequence with a prime number length.  Figure 2 illustrates the correlation property of two extended sequences with length N=300, from the GCL sequence with length 293.  The detection and false alarm performance for these sequences are shown in [8].
5. Conclusion
The preamble sequence design with GCL and Walsh-Hadamard sequence is summarized in this contribution.  
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