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1. Introduction

In this paper, we discuss Zadoff-Chu sequence definition and allocation on non-synchronized random access preamble to allow simpler implementation of the random access preamble generation and detection.
2. Discussion
The following preamble sequence and parameters have been agreed so far [1] .

- Preamble sequence: Zadoff-Chu (ZC) sequence with zero correlation zone.
- Burst structure: Cyclic prefix, Preamble and Guard time
- Preamble duration: 0.8ms
- Bandwidth: 1.08MHz
- Number of preamble sequences in a cell: 64

where 64 preamble sequences are composed from ZC sequences with zero correlation zone (ZC-ZCZ), which generated from one or several root ZC sequences by using cyclic shift in time domain.
Since the zero correlation zone (i.e. the size of cyclic shift) has to be larger than “the maximum round trip propagation delay (depending on cell radius) + multipath delay” in a cell, the number of root ZC sequences and the number of cyclic-shift sequences are changed depending on cell radius as shown in Table 1.
From the table, single root ZC sequence and its ZC-ZCZ sequences can cover 64 preamble sequences for less than 1.87 km cell radius. Meanwhile, the required number of different root ZC sequences is increasing as larger cell radius because the number of ZC-ZCZ sequences generated from one root ZC sequence is reduced due to increase of the maximum round trip propagation delay. In the worst case, 64 different root ZC sequences have to be allocated per cell. The complexity of the transmitter and detector (i.e. the amount of circuit size and the number of operations) is in proportion to the number of different root ZC sequences.
Table 1 Number of root ZC and ZC-ZCZ sequences which consists of 64 preamble signatures.

	Cell radius

(approximately)
	Number of root ZC sequences
	Number of ZC-ZCZ sequences

	– 1.87 km
	1
	64

	1.87 – 3.75 km
	2
	32

	3.75 – 7.5 km
	4
	16

	7.5 – 15 km
	8
	8

	15 – 30 km
	16
	4

	30 – 60 km
	32
	2

	60 km – 
	64
	1


Note that multi-path delay is not considered in this cell radius calculation.
2.1. Definition of Zadoff-Chu sequence

In order to reduce the complexity especially for the number of multiplications of the detector at eNodeB, frequency domain processing has been assumed for the preamble detection (i.e. correlation operation) in several papers [3] -[5] . This is one reason to introduce cyclic prefix for random access. 
An example structure of the preamble detector using frequency domain processing is illustrated in Figure 1. 
In the case of frequency domain processing, coefficients of a root ZC sequence in frequency domain are used for the correlation calculation, where these coefficients can be obtained by using Fourier transform of the root ZC sequence defined in time domain as [1] .
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Figure 1 An example of the receiver structure for random access (frequency domain processing)
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(a) ZC-ZCZ generation in time domain
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(b) ZC-ZCZ generation in frequency domain
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(c) ZC generation in frequency domain and cyclic-shift in time domain.

Figure 2 Transmitter structure for preamble generation.
Frequency domain processing is beneficial not only for the preamble detector but also for the preamble generator in terms of complexity reduction. 
Figure 2 shows three implementation types of the preamble generator in time and frequency domain processing.

If assuming the preamble generation in time domain, the structure would be shown as Figure 2(a). ZC-ZCZ sequence is generated prior to DFT and N​ZC-point DFT is used for time to frequency domain conversion, where NZC is the ZC sequence length with prime number.
Figure 2(b) shows frequency domain generation of random access preamble. ZC-ZCZ sequence is generated in frequency domain directly. This structure would be applied at the transmitter in practical because NZC-point DFT can be eliminated. Therefore, this implementation can reduce complexity of the transmitter significantly. Of course, even for frequency domain generation, cyclic-shift operation can be carried out in time domain as illustrated in Figure 2(c).

From the above discussion, we think frequency domain processing for preamble generation and detection at both UE and eNodeB is promised implementation approach. Therefore, the definition of ZC sequence should be in frequency domain s in the specification. Note that actual implementation is up to the manufactures but to have implementation friendly specification would reduce the misunderstanding of the specification.
Proposal

· Zadoff-Chu sequence is defined in frequency domain.

If using the equation and parameters described in [1] , the frequency domain definition of ZC sequence and ZC-ZCZ sequence as Figure 2(b) is defined as
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If assuming Figure 2(c), 
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, where this equation defined in frequency domain, and cyclic shift of the sequence is performed after IDFT.


,where u is the sequence index, K is the sequence length, m is the number of cyclic shift, v is the cyclic shift index.
2.2. Root Zadoff-Chu sequence allocation to cells

As discussed above, if the cell radius is larger than 1.87km, the higher layer in the eNB allocates multiple root ZC sequences to the cell. The current agreed working assumption allows the higher layer allocate arbitrary sequence index u to the cell. In this case, the implementation of the transmitter and receiver has to assume up to 64 different root ZC sequences, at least for the transmitter at UEs.

ZC sequence [6] has the following property
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 and x* shows complex conjugate.

Therefore, if the sequence allocation is defined as u=a and u=K-a in pair (a is ZC sequence index and arbitrary integer less than K), simpler implementation is applied for both transmitter and receiver. 
This slight restriction allows reducing the complexity of the preamble generation at UE side, because root ZC sequence of u=K-a can be generated form root ZC sequence of u=a by converting sign bit of imaginary part.
In addition, this also allows reducing the multipliers/multiplications of the root ZC sequence in frequency domain of the preamble detector, because the values of multiplications of u=a can be re-used for the calculation of u=K-a. Therefore, the number of multiplications can be reduced as half. This slight restriction still allows simpler implementation for both UE and eNodeB without any performance degradation and without spoiling flexibility of the allocation.
Moreover, we also propose root ZC sequence allocation is always u=a and u=K-a in pair as shown in Figure 3, i.e. even for cells which single root ZC sequence is enough. This definition causes futility root ZC sequence allocation for cells smaller than 1.87km cell radius. However, the flexibility of the ZC sequence allocation is negligible because the available root ZC sequence would be larger than 700. In addition, the one bit of the signaling for indicating sequence indices of ZC sequence can be reduced.
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Figure 3  Proposed root ZC sequence allocation and index for signaling.

Proposal

· Root ZC sequence allocation is u=a and u=K-a in pair and the sequence index of the signaling should be assigned to each pair of u=a and u=K-a .
3. Conclusion

We discussed Zadoff-Chu sequence definition and allocation on non-synchronized random access preamble in order to allow simpler implementation of the random access preamble generation and detection.

From the discussion, we propose to capture the followings into the TS;
· Zadoff-Chu sequence is defined in frequency domain
· root ZC sequence allocation to a cell:  pair of sequence index u=a and u=K-a is allocated and the sequence index of the signaling is assigned to each pair of u=a and u=K-a.
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