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1. Introduction

Preamble sequence correlation properties directly decide the performance of random access. In this contribution, the selection of preamble sequences and performance simulation for E-UTRA TDD is given for E-UTRA TDD system based on the correlation performance of preamble sequences. All the discussions are based on the E-UTRA TDD frame structure [6].
2. Preamble Sequence Design

2.1 Zadoff-Chu Sequence

The equation of cyclic shifted Zadoff-Chu CAZAC sequence [2] is shown as follows:
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Where N is sequence length, v is sequence index, S is cyclic shift interval, q is cyclic shift index, Q is the total cyclic shifted times.
If the cyclic shift index q is not equal to zero, the sequence is Zadoff-Chu sequence with Zero Correlation Zone (ZCZ), and we call it ZC-ZCZ. And if the cyclic shift index q is zero, the sequence is the original Zadoff-Chu sequence.

For the original Zadoff-Chu sequence if the length N is a prime number, there are N-1 Zadoff-Chu sequences, i.e. the maximum number of available sequences. 
For the cyclic-shifted Zadoff-Chu sequence, there are Q sequences with the same sequence index v because the sequence can be cyclic shifted Q times. It is obvious for the cyclic-shifted CAZAC sequence with length N, there are Q*(N-1) sequences are available.
2.2 Generalized Chirp-Like Sequence

The Generalized Chirp-Like (GCL) sequence of length N is defined [3] as
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Where N=sm2, s and m are positive integers. gp(n) is the original Zadoff-Chu sequence defined in 2.1. For the Zadoff-Chu sequence, the sequence index v must be a relative prime to N. If a common Zadoff-Chu sequence is modulated by m different sequences {bi(k)}, i=0,…,m-1, then a set of GCL sequences are generated. Obviously, to provide an orthogonal set of GCL sequences from the same Zadoff-Chu carrier, the modulating sequences {bi(k)} must be orthogonal. These orthogonal sequences may be DFT and Hadamard sequences. In [4], the period cross-correlation between any two GCL sequences with the same Zadoff-Chu carrier is zero for all delays not equal to an integer multiple of sm. Therefore the resulting sequence has a zero correlation zone of length sm-1. For GCL sequence, wm different sequences can be used as preambles where w is the number of available Zadoff-Chu sequences with length N.
2.3 Sequences proposed

Three sequences design schemes with two possible sequences, Generalized Chirp-Like (GCL) and Zadoff-Chu (ZC) are proposed in the e-mail reflector discussion.

a. GCL or Zadoff-Chu with ZCZ

b. GCL or Zadoff-Chu with different sequence indices

c. GCL or Zadoff-Chu with both ZCZ and different sequence indices (hybrid of a. and b.)
For E-UTRA TDD, we prefer Zadoff-Chu as preamble sequence mainly and in the section 3, we will give the parameters design in detail. As a comparison, we also indicate the parameters of GCL sequence based on the given scenario of TDD system.
3. Parameters Design

Now we give the preamble parameters for the UpPTS timeslots shown in figure 1.In figure 1, the duration of UpPTS timeslot is 141.67us, consisted of two preamble codes of 66.67us each and an 8.33us long GP as guard period to match the maximum expected delay spread of the channel.
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Figure 1 Time domain design of UpPTS timeslot
Based on the time slot structure of Figure 1, the following conditions should be fulfilled concerning the preamble design:  

(1). the duration of UpPTS timeslot 141.67us is a basic parameter which is used in the cell with the radius at least 5km;
(2). as the preamble for procedure “B” access [10], the number of signature sequences for intra-cell case is 8;

(3). for TDD system, the available sequences for inter-cell case is 32 groups considering cell planning.

Applying Zadoff-Chu CAZAC sequences as the preambles, Figure 2 shows the generation of preamble code for the structure of Figure 1.
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Figure 2 the generation structure of preamble code for EUTRA TDD preamble
Based on the time domain structure shown in figure 1, we design the parameters of the preambles with the preamble generation method shown in figure 2. We choose Zadoff-Chu sequence with prime length 149, and then there are 148 Zadoff-Chu sequences with different sequence index that can be used. But for 32 cells implement in TDD system, at least 256 sequences are required according to the procedure “B” of  non-synchronized access. So we choose cyclic shifted sequences of mother Zadoff-Chu sequences. For a Zadoff-Chu sequence with length 149, we set the cyclic shift interval to be 75 points, and get a new cyclic shifted sequence. Thus there are 148 cyclic shifted sequences and including mother and cyclic shifted Zadoff-Chu sequences, a total of 148*2 = 296 sequences are available. The 75 cyclic shifted points after DFT-s OFDM modulation become 128 time domain samples, which is larger than the maximum round-trip time.
For large cell, we prefer extension of sequences because it doesn’t have length matched problem that does exist in repetition.
In comparison, if GCL sequences are chosen as preamble, there may be no sufficient number of GCL sequences which satisfy the parameter of TDD based system without considering extra FDM operation. When GCL sequences are applied, generally the GCL with ZCZ is used in intra-cell scenario, and different indices of Zadoff-Chu sequences of GCL are used as preamble in inter-cell scenario. As mentioned above, the number of GCL sequences with ZCZ used in one cell is equal to m, which means m must be no less than 8 to satisfy (2). The length of sequence N is about 150 and the search window sm is approximate 40 from (1). Considering both (1) and (2), there is no sufficient number of available GCL sequences for intra-cell scenario.

What’s more, the number of GCL sequences with different Zadoff-Chu indices which owe
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 cross-correlation is not sufficient for 32 cells. Therefore, it is a little hard to apply GCL sequence as preamble in practice without extra FDM operation. 

Therefore, we prefer the Zadoff-Chu sequences with the generation structure of preamble code of Figure 2 as the preambles for E-UTRA TDD system. In [8], we have proved that the sequences generated by the process shown in figure 2 remain good aperiodic auto-correlation and cross-correlation. And in the section 5, the simulation result of these selected sequences will be given.
4. Zadoff-Chu Sequence Correlation Properties
We all know that Zadoff-Chu sequences have very nice periodic correlation properties, but it may be difficult to preserve such properties in practice. And in [9], it had proved that the aperiodic correlation can provide similar performance as periodic correlation. Here, aperiodic cross-correlation, defined below, may be used [4].
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For these Zadoff-Chu sequences with different relative prime indices, if the relative prime is x, we call it “Zadoff-Chu sequence x”. And for the cyclic shifted sequence of the Zadoff-Chu sequence x, we call it “Zadoff-Chu sequence x’”. For example, the Zadoff-Chu sequence 10 means the sequence is a Zadoff-Chu sequence with relative prime 10. And the Zadoff-Chu sequence 10’ means the sequence is a cyclic shifted Zadoff-Chu sequence with relative prime 10.
4.1 Auto-Correlation
Zadoff-Chu sequences have ideal periodic auto-correlation (figure 3.a), but the aperiodic auto-correlation is not ideal. (figure 3.b and 3.c). Figure 3 illustrates the normalized magnitude for both periodic and aperiodic auto-correlation of a Zadoff-Chu of length 149.
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Figure 3 Normalized magnitudes for periodic auto-correlation and aperiodic auto-correlation
From figure 3 we can see that for a relative prime that is not equal to 1 or 148, the aperiodic auto-correlation (figure 3.c) is not close to ideal, but it has some zero correlation zones.
4.2 Cross-Correlation
For Zadoff-Chu sequences with prime number length N, the periodic cross-correlation (figure 4.b) between any two sequences (including cyclic shifted sequences) is constant, and it is equal to
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.And the periodic cross-correlation (figure 4.a) between a Zadoff-Chu sequence and its cyclic shifted sequence has a zero-correlation zone.
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[image: image14]Figure 4 Normalized magnitudes for periodic cross-correlation
Figure 5 shows normalized magnitudes for aperiodic cross-correlation. From figure 5 we can see that the aperiodic cross correlation between a Zadoff-Chu sequence and its cyclic shifted sequence has some zero-correlation zones, whose number is related to the relative prime of the Zadoff-Chu sequence. Generally speaking, the aperiodic cross correlation property between Zadoff-Chu sequences with different sequences indices is good, and its maximum value is lower than 0.17.
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Figure 5 Normalized magnitudes for aperiodic cross-correlation
5. Performance simulation
The simulation parameters are shown in Table 1. False alarm and miss detection probability to the average Ep/No are used as preamble performance evaluation criteria. The definition is as follows:

· False alarm : the probability of a particular code being detected when nothing is transmitted

· Miss detection : the probability of a particular code not being detected when the code is transmitted

In Node B, we prefer time domain aperiodic correlation because compared to frequency domain detection, the detection in time domain is more simple and has low complexity.
Table 1 Simulation parameters

	Parameter
	Assumption

	UpPCH Channel bandwidth
	1.25MHz

	Channel model
	6-path Typical Urban 3km/h

	Antenna configuration
	1 Tx antenna, 2 Rx antennas (power profiles are combined)

	Noise level estimation
	Real(Noise level estimates from power profile combined)

	Number of multiplexed preambles
	1, 2, 4

	Detector
	Matched filtering in time domain

	Number of detector
	8


Figure 6 shows the miss detection probability to the average Ep/No of each preamble sequence at a fixed false alarm probability of 1%. Note that the transmitted preambles’ delays are randomly selected and that fall within the search window. There are three classed of sequences that need to be compared:

a. GCL or Zadoff-Chu with ZCZ

b. GCL or Zadoff-Chu with different sequence indices

c. GCL or Zadoff-Chu with both ZCZ and different sequence indices (hybrid of a. and b.)
But, here we mainly simulate the performance of (b) and (c), because for the parameters designed as in section 3, these cyclic shifted sequences aren’t used alone. From the figure, it is seen that (c) perform a little better than (b) when the number of users is not equal to 1, the reason is that the cross-correlation property between a Zadoff-Chu sequence and its cyclic shifted sequence is better than that between two Zadoff-Chu sequences with different sequences indices. Of course, we can see that the performance difference is not very large. When there is only one user, the performance of (b) is similar to that of (c), because without other users interference the miss detection performance is directly decided by the auto-correlation properties of sequences used. From 4.1 we know that the auto-correlation property of a Zadoff-Chu sequence is the same as that of its cyclic shifted sequences, so we get this result as shown in figure 6. Therefore, we prefer (c) as the E-UTRA TDD RACH preambles.
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Figure 6 Miss detection probability to the average Ep/No

6. Conclusion
In this contribution, for the coexisting LCR TDD based frame structure for EUTRA TDD, the non- synchronized random access preamble sequence selection and parameters design are discussed in detail. And the performance simulation result of the sequences selected is given.
From the discussion we propose the following for ETRUA TDD system:

· Zadoff-Chu sequences
· The cyclic shifted Zadoff-Chu sequences can be used, when the number of Zadoff-Chu sequences with different index isn’t enough
· Sequences extension for large cell
· Time-domain detection method of preamble code in Node B
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