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1. Introduction
The random access preambles are generated from Zadoff-Chu (ZC) sequences with zero correlation zone, ZC-ZCZ, generated from one or several root ZC sequences. For the generic frame structure, the number of preamble per cell is always 64 [1]. Therefore, The Node B should broadcast the root ZC index in order to map the required 64. Since the number of bits available in the broadcast channel is limited, efficient methods are needed to transmit the required information with the lowest number of bits. In this document, we propose the efficient method based on cell ID.
2. Cyclic Shift Configuration
One cell can use the several root ZC sequence from 1 to 64 and several values of cyclic shift. If cell can use all root configurations up to 64, eNodeB should send 6 bits information about configuration set. But, full configuration is not needed from the view point of the required number of ZC sequence and/or cyclic shift. For example, let’s assume the length of ZC sequence is 839. Then, if the cyclic shift value is 210, the number of required ZC sequence per cell became 22 for 64 signatures. If the cyclic shift value is 279, the number of required ZC sequence per cell became 22 for 64 signatures, too. In other words, with same number of required ZC sequence, the cyclic shift values are various and we can choose maximum cyclic shift value for support of large cell. At another point, if the number of ZC sequence per cell is 22, the number of required cyclic shift become 3 for 64 signatures. If the number of ZC sequence per cell is 31, the number of required cyclic shift become 3 for 64 signatures, too. In other words, with same number of required cyclic shift, the number of ZC sequence per cell are various and we can choose minimum number for reducing of complexity and improvement of reusing factor.
Table 1 shows effective cyclic shift configuration set from the view point of the required number of ZC sequence. The associated maximum cell radius is derived from cyclic shift value assuming no guard sample and 5.21µs maximum delay spread. There are configurations of 15 and 4 bits is enough for signalling of configuration. One configuration is reserved for 4 bits signalling at Table 1 and using of this configuration is FFS.
At high mobility cell, the second and third column is ignored. The mobile can generate the restricted cyclic shift using the fourth column with increment of root index. In order to maximize the number of restricted cyclic shift, the fourth and fifth column can have another value for high mobility cell.

Table 1. NSRA preamble cyclic shift values

	Configuration No.
	No. of ZC sequence per cell

(no cyclic shift restrictions)
	No. of cyclic shift

per ZC sequence

(no cyclic shift restrictions)
	Cyclic shift

[samples]
	Max. cell radius [km]

	0
	1
	64
	13
	1.1

	1
	2
	32
	26
	2.9

	2
	3
	22
	38
	4.5

	3
	4
	16
	52
	6.5

	4
	5
	13
	64
	8.1

	5
	6
	11
	76
	9.8

	6
	7
	10
	83
	10.8

	7
	8
	8
	104
	13.7

	8
	10
	7
	119
	15.8

	9
	11
	6
	139
	18.6

	10
	13
	5
	167
	22.4

	11
	16
	4
	209
	28.3

	12
	22
	3
	279
	38.0

	13
	32
	2
	419
	57.4

	14
	64
	1
	839
	115.8

	15
	reserved
	reserved
	reserved
	reserved


3. Indexing Signalling based on Cell IDs
During cell search procedure, UE should find the cell ID from the downlink control channel (SCH), which is represented by a number (1~510) [1]. In optimistic situation, the allocated preamble sequences to each cell should be different, the cell ID can be reused as ZC sequence indicator. If cell ID is reused, then the root sequence indication can be eliminated. However, we need to transmit some additional information on how to generate 64 sequences. The additional information can form some combinational information such as (root sequence indication + number of root sequence) or (root sequence indication + size of cyclic shift). Here, we define ‘level’ as a measure to represent the information carried on additional bits. For example, the number of root sequences can be mapped to levels as shown Table 2. Let the number of level be 
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. For example, the level value can be the cyclic shift configuration number in section 2.
For example, if the length of ZC is 839 and there is 15 levels, the number of required bits are only 4 bits for all the cell types. Table 1 shows one example of realization. To map the cell ID to physical root sequence index, we need a mapping rule for each level. Although the simplest mapping rule will be just a modulo operation on the cell ID, the exact mapping rule is FFS. 
Pros. : Very small overhead for the entire cell.

Cons. : Not use whole index at the smallest cells.

Table 2.  Example of Indexing Signalling that Connected Cell IDs
	Level
	Indexing (not transmitted)
	# of the Required Bits

	0
	1  ~  839
	4 bits

	1
	1  ~  419
	

	2
	1  ~  279
	

	3
	1  ~  209
	

	4
	1  ~  167
	

	5
	1  ~  139
	

	6
	1  ~  119
	

	7
	1  ~  104
	

	8
	1  ~  83
	

	9
	1  ~  76
	

	10
	1  ~  64
	

	11
	1  ~  52
	

	12
	1  ~  38
	

	13
	1  ~  26
	

	14
	1  ~  13
	


4. Conclusion
In this contribution, we proposed the cyclic shift configuration set and preamble allocation method based on cell ID. By utilizing the cell ID, the preamble allocation can be achieved with very small bits. We recommend the using 4bits configurations and reusing the cell ID for NSRA information. 
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