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1. Introduction
RAN1#46 agreed that Zadoff-chu sequence with ZCZ property was used as random access preamble in 1.25MHz bandwidth. In this contribution, ZCZ-ZC based preamble organization and corresponding detection method was elaborated exclusively for alternative EUTRA TDD frame structure.
2. RACH structure design
In this contribution, it is proposed to duplicate identical LB in one 125us exclusive uplink synchronisation time slot --- UpPTS (figure 1). Each LB deploys uplink numerology defined for 1.25MHz bandwidth [1], i.e. 67.77us block size, 128 FFT size and 75-subcarrier occupation. 
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Figure 1. UpPTS components diagram for alternative EUTRA TDD

It is further proposed that each LB signal is generated based on padding one 73-length ZCZ-ZC sequence to 75-length (figure 2).  
When UE initiates a random access, it selects one signature sequence from a cell specific signature sequence set.  In the following, two identical LBs are modulated via DFT-S-OFDM based on aforementioned 73-length signature. 
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3. Performance of signature sequence
In general, two identical LBs provides a possibility for eNodeB to perform time-domain detection in a relatively low complexity. For instance, eNodeB deploys one sliding window correlation operation in time domain by means of two replicas instead of once for each signature. Calculation complexity increases significantly when signature family size runs high.

At each point where peak correlation value is detected, then received signal is transformed to frequency domain to derive a specific signature ID simply by 2nd frequency domain correlation.

3.1. Simulation results

Following simulation assumption and respective results were provided.
                                                       Table 1   Simulation assumption 

	Parameter
	Assumption

	System Bandwidths
	1.25 MHz

	UpPCH bandwidths
	1.25MHz

	Signature sequence
	ZCZ-ZC sequence

	Number of UE 
	8

	Channel Model
	AWGN, TU3

	Antenna Configuration
	Tx=1, Rx=1
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Figure 3. False alarm and missing detection rate comparison between time domain detection and joint time and frequency domain detection in AWGN channel (SNR=-5dB)
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Figure 4. False alarm and missing detection rate comparison between time domain detection and joint time and frequency domain detection in TU3 channel (SNR=5dB)
3.2. Complexity
Assuming the long symbol’s length (samples) is N, the Number of Signatures in a RACH is K, and the searching length is D. As a result, the length of searching window is 2*N.

The total complex multiplications of time domain detection method is 
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and the total complex multiplications of joint time and frequency domain is 
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Thereby joint time and frequency detection method gives a 
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percentage calculation complexity reduction.

By taking practical parameters adopted in this proposal for a 1.25MHz random access bandwidth, i.e. N=128, K=8, and D=72, numerical results comparison was given in table 2.
Table 2. Calculation complexity comparison between time domain and joint time and frequency domain detection method

	
	Time domain
	Joint time and frequency domain

	Complex Multiplications
	147456
	21376


The conclusion is manifest that joint detection method gives more than 85% complexity reduction. And we further noticed that complexity reduction tightly depends on K value, i.e. signature family size.
4. Conclusion 
In this contribution, a RACH structure based on LCR-TDD frame structure is proposed. And in mean time the link-level performance (false alarm rate and missing detection rate) was approved by large quantity of simulations. 
Furthermore, this scheme does provide an appreciating property with a relatively low calculation complexity with acceptable performance degradation comparing to the one based on larger preamble length, which was heavily desired in LTE implementation.
Reference:

[1 ]   TR25.814 v.1.5.0  “Physical Layer Aspects for Evolved UTRA”
Figure 2. Preamble signal modulation block diagram for alternative EUTRA TDD
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