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1 Introduction 
It has been decided that the number of random access preamble sequences in LTE FDD system is 64 per cell. The sequences are obtained from root Zadoff-Chu (ZC) sequences and their cyclic shifts [1]. The ZC sequences are CAZAC sequences and therefore the cyclically shifted sequences are ideal for random access as long as the cyclic shift increment is longer than the maximum propagation delay. The minimum cyclic shift, Ncs, expressed as samples of the ZC sequence, is then related to the cell size.
A widely accepted [2] proposal has been that the available sequences of a cell are derived using two broadcasted parameters: index of a root sequence and a cyclic shift value Ncs. As many cyclic shifts as Ncs (and sequence restriction rules in case of high mobility cells) allow are taken from the broadcasted root sequence, and consecutive root sequences are included until the total number of sequences reaches 64. In a general case, this procedure leads to unused cyclic shifts, and we are here proposing a more flexible system where the total number of sequences could vary and be larger than 64 if utilization of all the cyclic shifts of the reserved root sequences provides that. Moreover, while it seems to be a general opinion that 16 Ncs values would be enough [2], we are here proposing extension of the Ncs set to 32 values so that the flexible scheme could be fully utilized.  
2 Discussion
2.1 System of flexible number of sequences
We are proposing that the standard would specify only the minimum number of preamble sequences that must be provided for each cell. This minimum number could be for instance 64. A root sequence and Ncs value would be broadcasted like in the earlier proposals and the number of consecutive root sequences that are needed for the minimum number of sequences is determined in the same way. After that, all the cyclic shifts available from these reserved root sequences are utilized. For instance, when the length of the ZC sequence is 839, Ncs = 15 means that  = 55 cyclic shifts are obtained from a root sequence. Two root sequences would be reserved per cell and the total number of sequences would be 110.  
2.2 Advantages and disadvantages

The obvious advantage of the proposed system is that the average number of sequences per cell would be increased which would reduce the collision probability or allow less frequency-time resources for RACH. These benefits would be obtained without complexity increase in the eNB RACH receiver. This is because of the fact that the receiver must be dimensioned for correlating a certain number of root sequences and each one of them over the whole length of the sequence. For instance, very close to equal number of correlations would be needed in order to detect 32 cyclically shifted sequences when Ncs = 26 or 55 cyclically shifted sequences when Ncs = 15. 

There would be no complexity increase on the UE side either.

In order to utilize the proposed system effectively, it would be good to reserve space for broadcasting of 32 different Ncs values (information field of five bits). An example of a possible set of Ncs values is shown in the Appendix. One additional System Information bit would then be needed, compared with the commonly [2] assumed 4-bit Ncs field.

Because the set of sequences is larger, additional bits are needed for signalling sequence indexes. This applies to both the System Information and the preamble responses. The System Information needs to define partitioning of the preamble sequences into three groups [3]: the first group is the dedicated signatures used in the non-contention based random access procedure, and the other two groups are for the contention based procedure. Because the number of sequences in the first group is presumably at most 32 in any case, indicating the border of that group in the set of sequences larger than 64 would not call for additional bits. An additional bit would be needed for indicating the border between the two sequence groups reserved for the contention based procedure. Here we assume that the smallest Ncs value is as proposed in the Appendix, which would mean that the number of sequences is always less than 129. With this assumption, one additional bit would also be needed for indicating the observed preamble index when the preambles are acknowledged.
In summary, adopting the proposed flexible system would mean two additional bits for the random access related System Information and one additional bit per acknowledged preamble for the preamble response. These only drawbacks are not serious compared with the benefit.    
3 Proposal
We propose the following procedure for determination of the random access sequences of a cell:
· The standard defines a parameter Nmin that is the minimum number of preamble sequences for each cell.

· The System Information contains an index I0 to a root sequence and a cyclic shift parameter Ncs.
· UE starts listing of the available cyclic shifts from the root sequence I0. If  less than Nmin sequences are obtained from the root sequence I0, UE continues adding all the available cyclic shifts of the root sequence I0 + 1, I0 + 2 and so on until the number of sequences becomes equal or larger than Nmin. 

Furthermore, we propose that 32 Ncs values are defined.   
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APPENDIX:

Table 1 shows an example of an Ncs set that would allow efficient utilization of the proposed system. The 15 underlined Ncs values are the ones that are proposed in [4]. They are obtained if we accept only Ncs values leading to different number of cyclic shifts and, on the other hand, the largest Ncs corresponding to a number of reserved root sequences is selected. The additional Ncs values would provide considerably increased number of sequences while maintaining the same receiver complexity as needed for the smaller set of the underlined Ncs values.
Table 1. Ncs values, the corresponding cell ranges, number of cyclic shifts per root sequence, number of reserved root sequences, and the total number of sequences when the length of the sequence is 839. The relation between the cell range and Ncs is 
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	Ncs 
	Cell range

(km)
	Number of cyclic shifts
	Number of root seq.
	Number of seq.

	7
	1.00
	119
	1
	119
	
	38
	5.43
	22
	3
	66

	8
	1.14
	104
	1
	104
	
	41
	5.86
	20
	4
	80

	9
	1.26
	93
	1
	93
	
	46
	6.58
	18
	4
	72

	10
	1.43
	83
	1
	83
	
	52
	7.43
	16
	4
	64

	11
	1.57
	76
	1
	76
	
	55
	7.86
	15
	5
	75

	13
	1.86
	64
	1
	64
	
	64
	9.15
	13
	5
	65

	15
	2.14
	55
	2
	110
	
	76
	10.9
	11
	6
	66

	17
	2.43
	49
	2
	98
	
	83
	11.9
	10
	7
	70

	20
	2.86
	41
	2
	82
	
	104
	14.9
	8
	8
	64

	23
	3.28
	36
	2
	72
	
	119
	17.0
	7
	10
	70

	26
	3.72
	32
	2
	64
	
	139
	19.9
	6
	11
	66

	27
	3.86
	31
	3
	93
	
	167
	23.9
	5
	13
	65

	29
	4.15
	28
	3
	84
	
	209
	29.9
	4
	16
	64

	32
	4.57
	26
	3
	78
	
	279
	39.9
	3
	22
	66

	34
	4.86
	24
	3
	72
	
	419
	59.9
	2
	32
	64

	36
	5.14
	23
	3
	69
	
	839
	120
	1
	64
	64
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