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1. Introduction

The preamble structure and most of the parameters for non-synchronized random access including high mobility cell have been agreed [1] [2] .

In this paper, we propose following: 
· Zadoff-Chu sequence of non-synchronized random access is defined in frequency domain
· Cyclic-shift of the preamble is performed after IFFT operation 

· Pair of ZC sequence index u=a and u=K-a is allocated to a cell
2. Discussion
ZC sequence transformed by discrete Fourier transform is mapped to one ZC sequence out of the ZC code space with sequence length K. Therefore, ZC sequence properties are completely same even if ZC sequence defined in either time domain or frequency domain.

As definition of ZC sequence in this paper is used as, 
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,where u is sequence index, K is ZC sequence length, m is the number of ZC sequences of the same root ZC sequence.
ZC sequence definition in frequency domain 
· Frequency domain defined ZC sequence leads simple derivation of cyclic-shift sequence restriction for high mobility
The duration between correct timing of delay profile and the alias of delay profile caused by large frequency offset in high mobility is in proportion to sequence index u as shown in Figure 1. Namely, the appropriate sequence index u and the restriction of cyclic-shift can be easily derived from cell radius. Therefore, root ZC sequence allocation in case of high mobility cell can be simpler in frequency domain definition. This property is also described in [4] and Appendix A of [5] .
· Frequency domain defined ZC sequence makes use of the following properties to reduce receiver complexity [6] . 

· Central symmetry:   xu=a (n) = xu=a (N-n-1)
The number of multiplications can be half if this aspect is utilized in correlation calculation of frequency domain detector.
· Complex conjugate symmetry:  xu=a (n) = x*u=N-a (n)
The number of multiplications can be half, when ZC sequence u=a and u=N-a are allocated for a cell as discussing below.

When multiple ZC sequences allocated to a cell, the number of multiplications at the receiver can become 1/4. 
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Figure 1 The relationship among the intervals of alias, correct timing of delay profile and sequence index u when ZC sequence is defined in frequency domain.
Cyclic-shift operation between IFFT and cyclic-prefix addition 
We propose cyclic-shift operation of ZC sequence is after IFFT and before CP insertion as shown in Figure 2.  This configuration has following benefits;

· Each cyclic-shift duration becomes equal length

Cyclic-shift is defined as 
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, where Nsample is the number of samples of 800usec with sampling frequency of system clock which multiple of 1.92MHz, e.g. Nsample=1536 when 1.92MHz is used. Therefore, 
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 can be dividable by m, if m is factor of 1536. (e.g. if m=64, 32, 16, … , 2 and 1,   
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 becomes 24, 48, 96, … , 768, 1536, respectively.)

· Alignment of granularity to uplink time control

This definition aligns the granularity of uplink transmission timing control discussion, i.e. 0.52us which 10 times of sample duration of 1.92MHz. This alignment would be beneficial because of non-synchronized random access is used for arrival timing estimation. 
The similar rule should be applied to the cyclic shift operation of sounding RS or demodulation RS, as they would be also used for arrival timing estimation and uplink transmission timing alignment.
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Figure 2 ZC generation in frequency domain and cyclic-shift in time domain at the transmitter.
The pair of root ZC sequence index u=a and u=N-a 

We propose the pair of root ZC sequence index u=a nd u=N-a is allocated to a cell.
· Receiver complexity reduction
As described above, the number of multiplier/multiplications can be reduced as 1/4 compared to the case that arbitrary root ZC sequences allocation, thanks to complex conjugate symmetry of ZC sequence. This chracteristics is really useful when higher number of ZC sequences are required i.e. bigger cell and high mobility cell.
· Signaling overhead reduction for ZC sequence allocation

Explicit allocation of sequence index u=a can inform implicit allocation of sequence index u=N-a in case of multiple root ZC sequence allocation.
· Compatibility with cyclic-shift restriction for high mobility cell 
The cyclic-shift restriction of sequence index u=a and u=N-a is identical [4] 

 REF _Ref158525855 \n \h 
[5] , so this pairing is compatible with configuration for high mobility cell.
· This slight restriction does not affect the preamble detection performance at all.
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
· Cyclic-shift operation is performed after IFFT and before the CP insertion. The cyclic-shift step is aligned to the sampling rate of 1.92MHz.
· Pair of sequence index u=a and u=K-a is allocated in case of multiple root ZC sequence allocation to a cell.
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