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1.
Introduction

This contribution presents the preamble sequence design for random access channel of E-UTRA.  The preamble sequence is based on CAZAC/GCL (generalized chirp-like) sequence and CCSK sequence.  
Random access preamble is used for time of arrival estimation, for signature detection and for scheduling requests. In [1], the preamble also should carry 4-8 bits implicitly.

The preamble sequence should have good detection probability, good autocorrelation properties and sufficient occupied BW, sufficient number of random access channel preamble waveforms and low power de-rating of uplink transmission.  

A common choice of preamble sequence is the CAZAC (Constant Amplitude Zero Auto-Correlation) sequence, due to its optimal auto-correlation property and low power de-rating.  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 CAZAC/GCL sequence is one of the most popular choices for random access signature for E-UTRA.
In this contribution, the implicit 4-8 bits are taken by the CCSK sequence. CCSK (Cyclic Code Shift Keying) sequence is a M-ary Non-orthogonal signal, using the cyclic shifts of a base sequence (S0) to represent the data information. And the base sequence (S0) has excellent auto-correlation, so the base station can easily get the date information by detecting the peak value of the correlation of CCSK sequence.

2. Discussion
2.1 Cyclic Code Shift Keying 

CCSK (Cyclic Code Shift Keying) sequence is a M-ary Non-orthogonal signal, using the cyclic shifts of a base sequence (S0) to represent the data information [2]. And the base sequence (S0) has excellent auto-correlation; its cyclic autocorrelation has a distinct peak and “low” side lobes. If the number of resolvable positions is M, the number of bits per “symbol” is
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, for example, 512 resolvable positions can represent 9 bits per symbol. Figure 1 illustrates the Cyclic Shifting of base sequence (S0).
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Figure 1 Cyclic Shifting of base sequence (S0)
In [2], the CCSK sequence performance in Gaussian noise is essentially the same as MOS (M-ary orthogonal signaling), figure 2 is peak value of auto correlation of 512 point CCSK sequence.
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Figure 2  peak value of auto correlation of 512 point CCSK sequence
So the base station can get the date information by detecting the peak value of the correlation of CCSK sequence easily.

Detecting CCSK sequence doesn’t need match filter or lots of correlator; we can compute the cyclic correlation by using the DFT. The receiver computes the DFT of the received signal r, and obtains the correlation value vector S ,
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Code b is CCSK reference sequence.

So the quick DFT/IDFT arithmetic can also be used in detecting CCSK to reducing the complexity of receiver.

2.2 Sequence Design
Because DFT-S-OFDM is the base transmission technique for uplink, the random access preamble design following the same transmission technique is easier for implementation. It is suggested the DFT-S OFDM modulation should be applied to generate preamble sequence.  But the CP may not be used because it may make some obstacles on detecting arrival time. Keeping CP or cancel CP in preamble transmitting is for further study. And the same numerology replanting feasibility should be for further study too.

A typical combination structure of CAZAC/GCL and CCSK designed is illustrated as figure 3.


[image: image5.wmf]gn+c1

gn+c2

gn+c3

gn+c4

CP

CP

CP

CP

Preamble Sequence

DFT-S-OFDM Modulation

1 DFT-S-OFDM Symbol

Transmitting Preamble Sequence


Figure 3    Preamble Sequence Design
Let gn as a GCL sequence or CAZAC sequence, and cn (n=1.2.3…) as a CCSK base sequence different cyclic shifting version. 

2.3 Transmitter and receiver of preamble sequence

Figure 4 is an example of preamble sequence combing the CAZAC and CCSK, The CCSK can represent the control-signaling payload by the cyclic shifting of base sequence. Different users use different CCSK sequences. 
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Figure 4 RACH preamble transmitting scheme
Figure 5 is an example of preamble sequence detecting. At receiver, user should get the precise time synchronization first; CCSK detector can work only basing on the time synchronization.


[image: image7.wmf]Time

-

domain 

Impulse response 

(

zadoff

-

chu CAZAC

) 

synchronization

detector 

Threshold 

comparison 

FFT

Frequency

-

domain

Impluse response 

(

CCSK sequence

) 

Threshold 

comparison 

Payload

Signature 

information

Received 

Signal


Figure 5 RACH preamble receiver scheme

2.4 Simulation Assumptions and Results
Simulation results for random access preamble detection and payload demodulation error rate are presented in this section. Only the 5 MHz BW is evaluated but it does not imply denying the possibility of 1.25 MHz BW. 
An example burst structure is used to analyze preamble detection loss rate and payload demodulation error rate.
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Figure 2 random access burst and radio frame example

To fit the compatibility of base station receiver architecture, the example burst reuse the scheduled subframe, and two half OFDM symbols are pushed to both side of 0.5ms burst used as guard time with an integrate symbol (0.5ms burst is not the exclusive assumption). And the maximal 5 other symbols can be used as preamble sequence. The number of preamble occupation can be adjusted. In this simulation assumption, the number of preamble symbol is 1. But at bandwidth 1.25M, the number of preamble symbol is no less than 4 to compensate the bandwidth gain. For 1.25M, a longer sequence can be divided into 4 or 5 parts, such as a length=293 CAZAC, expanded to 300, and divided by 4 to 75 subcarrier per part. The expanding of CAZAC only slightly affects the auto correlation, and the power de-rating raises little.

The Preamble signature detection performance is evaluated by detect loss rate in this scenario. The detect threshold will keep the false alarm rate below the 1%. CAZAC is used as the preamble signature sequence; GCL [3] may be another choice. And the CCSK sequence will carry the control information bits, for example, 512 represents 9 bits. In receiver, the received sequence will correlate with all possible local preambles sequence in the search window to confirm the arrival time. And DFT of received CCSK sequence will correlate to reference CCSK signal. The peak value of IDFT vector of correlation value clarifies the control information bits. 
Simulation parameters are summarized in Table 1. 

Table 1: Simulation parameters

	Transmission BW
	5 MHz

	Carrier frequency
	2 GHz

	FFT Size
	512

	Total Number of used subcarrier for CAZAC
	223

	Length of CAZAC sequences
	223

	Number of preamble symbols per burst
	1 

	Channel Model
	AWGN & TU3

	Number of TX/RX antennas
	1/2

	CCSK sequence length 
	512

	CCSK modulation
	BPSK

	Total number of sequence in one cell
	16

	Maximal collision user number in one access burst
	4


The probabilities of loss detection rate of CAZAC preamble and error rate of CCSK are shown in Figure 6-9. Ep/N0 is used. 1-4 users collision in one access burst.
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Figure 6 Probabilities of loss detection rate of CAZAC in AWGN
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Figure 7 Probabilities of detection error rate of CCSK in AWGN
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Figure 8 Probabilities of loss detection rate of CAZAC in TU3
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Figure 9 Probabilities of detection error rate of CCSK in TU3
3. Conclusion

In this contribution, the CAZAC/GCL + CCSK preamble design is proposed.  The probabilities of loss detection rate of CAZAC signature and detecting error rate of CCSK at AWGN and TU3 radio channel model can satisfy the requirement of RACH design.
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