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1. Introduction

It was agreed to have 16 values for the cyclic shift length (NCS) but the exact values have not been agreed on.  Three proposals for determining NCS values are available – maximum supportable cell size for a given number of root sequences [1], minimize the maximum reduction in the number of ZCZ preambles due to quantization of the NCS values [2], and constant increment change of the relative cell coverage areas for small and medium sized cells [3].  This contribution compares the three proposals and recommends that the values from Table 1, Set 1 in [2] be adopted for the 16 NCS values.
2. Comparison of Ncs Proposals
Three methods for choosing NCS values are described as follows –

· Method 1 - maximum supportable cell size for a given number of root sequences:  This method is proposed in [1] where the corresponding cell size is maximized for a given number of root sequences.  That is, for a given number of root sequences, the NCS value is maximized.  To provide finer granularity at the small cell size, an additional configuration was added when 2 root sequences are used.
· Method 2 - minimize the maximum reduction in the number of ZCZ preambles due to quantization of the NCS values: This method is proposed in [2] which minimizes the maximum reduction in the number of ZCZ preambles due to quantization of the NCS values.  In addition, emphasis is placed on optimizing performance for small to medium sized cells.  The NCS values are given by a formula –
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According to [2], this expression will produce the maximum number of ZCZ preambles in a cell for a given radius.  Thus, Method 2 is optimized for receiver performance since more of the 64 preambles for FS1 will exhibit the ZCZ property.
· Method 3 - constant increment change of the relative cell coverage areas: This method is proposed in [3] where a constant increment change of the relative cell coverage areas for small and medium sized cells is proposed.  Thus, the NCS values are given by a formula –
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The advantage of this method is similar to Method 2, where for small to medium cell size, receiver performance is improved.  However, this method is not optimized from either a performance or cell size perspective.  
Table 1 provides the NCS values from the three proposals together with the supportable cell size associated with each configuration.  Table 2 focuses on how the 64 preambles for FS1 may be generated for cell size up to ~5 km, which is the proper range that performance should be optimized.  Note that in Table 2, Method 3 is not shown since it has similar values compared to Method 2.  The following observations may be made –
· Methods 2 and 3 provide much more NCS configurations for cell size between 1 – 5 km.  Method 1, on the other hand, provides many different configurations for cell size between 10 – 30 km.  Beyond 30 km, all three methods have comparable configurations.
· For a given number of root sequences, Method 1 provides the largest supportable cell size.  However, for cell size between 1 – 5 km, both Method 1 and Method 2 provide the same maximum supportable cell size for a given number of root sequences as shown in Figure 1.  That is, both methods support NCS values of 13, 26, and 38 for 1, 2, and 3 root sequences.
Although all methods provide good criteria for selecting NCS, it is a requirement that E-UTRA design be optimized for cell size up to 5 km.  In that regard, Methods 2 and 3 have a clear advantage over Method 1.  In addition, since Method 2 is optimized for receiver performance, it is preferred over Method 3.  It is proposed to adopt the values from Table 1, Set 1 in [2] for the 16 NCS values.
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Table 1.  Proposed NCS values.

	Method 1
	Method 2
	Method 3

	NCS
	No of root sequences
	Cell size

(km)
	NCS
	No of root sequences
	Cell size

(km)
	NCS
	No of root sequences
	Cell size

(km)

	13
	1
	0.78
	13
	1
	0.78
	13
	1
	0.78

	19
	2
	1.61
	15
	2
	1.06
	15
	2
	1.06

	26
	2
	2.59
	18
	2
	1.47
	18
	2
	1.47

	38
	3
	4.26
	22
	2
	2.03
	23
	2
	2.17

	52
	4
	6.20
	26
	2
	2.59
	28
	3
	2.87

	64
	5
	7.87
	32
	3
	3.42
	36
	3
	3.98

	76
	6
	9.54
	38
	3
	4.26
	46
	4
	5.37

	83
	7
	10.51
	46
	4
	5.37
	60
	5
	7.31

	104
	8
	13.43
	59
	5
	7.18
	78
	7
	9.82

	119
	10
	15.52
	76
	6
	9.54
	102
	8
	13.15

	139
	11
	18.30
	93
	8
	11.90
	135
	11
	17.74

	167
	13
	22.19
	119
	10
	15.52
	167
	13
	22.19

	209
	16
	28.03
	167
	13
	22.19
	209
	16
	28.03

	279
	22
	37.77
	279
	22
	37.77
	279
	22
	37.77

	419
	32
	57.23
	419
	32
	57.23
	419
	32
	57.23

	839
	64
	115.63
	839
	64
	115.63
	839
	64
	115.63


Table 2.  Preamble generation with various NCS values (up to 4 root sequences).

	Method 1
	Method 2

	NCS
	No of root sequences
	Preambles per root sequence
	NCS
	No of root sequences
	Preambles per root sequence

	13
	1
	64
	13
	1
	64

	19
	2
	44/20
	15
	2
	55/9

	26
	2
	32/32
	18
	2
	46/18

	38
	3
	22/22/20
	22
	2
	38/26

	52
	4
	16/16/16/16
	26
	2
	32/32
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Figure 1.  Maximum supportable cell size.
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