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1. Introduction
According to the results from E-mail Reflector discussion, It is agreed that random access channel sequence used to generate the transmitted random access preamble waveforms should satisfy some correlation properties, such as good auto-correlation to enable accurate timing estimation, and zero cross-correlation allows for good detection probability while maintaining low false alarm rate, What’s more, Low power de-rating must be also considered, GCL sequence can satisfy most of above properties, so it is a promising candidate for RACH sequence. For LCR-TDD based frame structure, the minimum bandwidth allocated for non-synchronization random access is 1.25MHz,for systems bandwidths larger than 1.25MHz,larger random access bandwidths can be defined, Basic RACH bandwidths of 2.5MHz is proposed in this contribution and the method to construct the signature signal using GCL is described in following section.

2. RACH structure design
In this contribution, Non-synchronized RACH structure for co-existence LCR-TDD is proposed. UpPTS in uplink access timeslots can be used for transmission of uplink signature signals (see in Figure 1). Duration of UpPTS is 125us,and the last 25 us is used for Guard Time, so total length of signature signal is 100us, the signature signal is constituted of 3 identical signature blocks. The length of each block is 33.33us . The basic random access transmission bandwidth is 2.5 MHz for system bandwidth larger than 1.25MHz, and minimum rand access bandwidth of 1.25MHz is used for 1.25MHz system. In this way, Length of signature sequence in each block is same as that of a 66.67us block with 1.25MHz. GCL sequence can be selected as signature sequence in each block [3]. Considering that GCL sequence with prime number length will yield optimal cross-correlation, GCL sequence with total length of 73 ( 37 for 1.25MHz system bandwidths) can be adopted. 

When UE is performing a Random Access, one signature sequence is selected from a set of signatures, and one UpPCH is selected randomly according to system bandwidths and UE’s access ability. The signature sequence is modulated by SC-FDMA as described in [2] to construct a signature block, the length of signature block is 33.33us.then the signature is repeated  three times and transmitted on the selected UpPCH. 
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3. Performance of signature sequence
In this section, performance of signature sequence is investigated. simulation assumption is listed in table 1.  Each UE selects a signature sequence from the set of signature sequences, Basic random access bandwidth is 2.5MHz for system bandwidth larger than 1.25MHz, Each UE selects one signature sequence and one UpPCH randomly and then UE sends out the signature sequence on the UpPCH.

GCL sequence is selected as signature , it is constructed by DFT-S-OFDM as described in [2].Shifting window detector is adopted at Node B, the windows size of detector is 33.33us. After the signature signal reach to receiver, the three repeated signature block is combined in time domain, then FFT is performed to the combined signature so as to transform the signal to frequency domain, correlation of frequency domain received signal and all possible signature sequence’s frequency response is calculated, if the correlation value is larger than the threshold, a UE is detected .It is obvious that the correlation threshold will affect the error detection rate (EDR) and false alarm rate (FAR). The performance of and GCL sequence under AWGN and TU channel is given in Figure 3 and Figure 4 respectively.  

                                                       Table 1   Simulation assumption 

	Parameter
	Assumption

	System Bandwidths
	5 MHz

	UpPCH bandwidths
	2.5MHz

	Signature sequence
	GCL sequence

	Number of Signature sequence
	20

	Number of UE 
	8

	Channel Model
	AWGN, TU( 120 km/h)

	Antenna Configuration
	Tx=1, Rx=2
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Figure3 Error Detection Rate and False Alarm Rate of GCL signature sequence for AWGN Channel
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Figure 4  Error Detection Rate and False Alarm Rate of GCL signature sequence for TU Channel ,UE speed =120km/h

5. Conclusion 
In this contribution, a new RACH structure based on LCR-TDD frame structure is proposed, GCL sequence is used as signature sequence due to its good auto-correlation and cross-correlation properties. The signature signal is constructed by three identical signature block, length of each block is 33.33us, basic RACH bandwidth of 2.5MHz is proposed.
Reference:
[1 ] R1-060885, Motorola ,CATT, ITRI, IIR, “E-UTRA Random Access Channel TP from email discussion”, Athens, Greece ,March 27 – March 30, 2006
[2] R1-060152,Nortel, “Consideration on UL RACH scheme for LTE”
[3] D. C. Chu, “Polyphase codes with good periodic correlation properties,” IEEE Trans. Inform. Theory vol. 18, pp531-532, July 1972.

[4] R1-060520, CATT, RITT, TD-Tech ,“EUTRA TDD Random Access Procedure”, Denver, USA, 13 – 17 Feb, 2006
UpPCH 1





GT











5MHz





GP1





UpPTS





DwPTS























Signature





UpPCH 2





Signature 1

















TS6











TS5











TS4











TS3











TS2











TS1











TS0





Figure 1  UpPCH structure for LCR-TDD





25us





33.33us





125us





75us





75us





Signature 2





GT





Signature 3








                        UpPTS





GP1





DwPTS





Figure 2  Example of  RACH structure ( 5MHz)








