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1 Introduction

For a Zadoff-Chu (ZC) sequence xv(k), its cyclically shifted version by an amount of l*NCS is defined as 
xv,l(k) = xv((k + l*NCS) mod N),







(1) 
where v is the root index and N is the length of the ZC sequence. Note that the cross correlation of these cyclically shifted sequences and the original ZC sequence creates the so-called zero-correlation-zones (ZCZ) of length Ncs. The number of available ZCZ’s is equal to
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. This nice property of the ZC sequence is used in LTE to increase the number of available RACH preambles.
At the June LTE meeting, it was agreed that there will be 16 Ncs’. However, their exact values are FFS. In this contribution, we propose a set of 16 Ncs values based on a different criterion from that proposed in [1].
2 Determination of the NCS  Values
We recognize that the number of available cyclic shifts should be one of the considerations in choosing the Ncs values. However, it should not be the sole consideration as is the case in [1]. We think that for small and medium cells, where the number of available ZCZ’s is not as critical as for large cells, the consideration for the change of cell coverage areas should outweigh the consideration for the number of available ZCZ’s. 
Referring to Figure 1, assume 
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are the cell coverage areas corresponding to the k-th and (k+1)-th Ncs values, respectively. We determine the Ncs according to the following criterion:
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(2)
That is, we keep the incremental change of the relative cell coverage areas a constant. Note that the number of required RACH preambles in a cell is 64, we choose the first cell radius to be 1 km, which makes the corresponding Ncs value 13 and the number of available ZCZ’s 64. It should be pointed out that setting up the smallest Ncs value to correspond to a cell radius of 1 km does not prevent the radius of an actual cell from being less than 1 km. 
The proposed 16 Ncs values are given in Table 1, where the first 11 values, corresponding to the small and medium cells, are determined using the criterion given in Equation (2). For the remaining 5 values, cares are taken such that as many ZCZ’s as possible may be obtained.
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Figure 1 Illustration of the incremental change of  the cell coverage areas

    




Table 1 The Proposed Ncs Values
	k
	NCS(k)
	Npre(k)
	r(k) (km)

	0
	13
	64
	1.0

	1
	15
	55
	1.3

	2
	18
	46
	1.8

	3
	23
	36
	2.4

	4
	28
	29
	3.1

	5
	36
	23
	4.3

	6
	46
	18
	5.6

	7
	60
	13
	7.6

	8
	78
	10
	10.1

	9
	102
	8
	13.4

	10
	135
	6
	18.0

	11
	167
	5
	22.4

	12
	209
	4
	28.3

	13
	279
	3
	38

	14
	419
	2
	58

	15
	0
	1
	116


3 Conclusions

In this contribution, we proposed to adopt a new criterion to determine the Ncs values, and we recommend the Table 1 be captured in the LTE specification.
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