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1. Introduction
Zadoff-Chu sequence and its cyclically-shifted version are currently assumed to be the preamble sequence of non-synchronized random access channel (RACH)[1]. Regarding the length of preamble sequences, 0.8ms is considered as a baseline and the repetition of 0.4ms sequence is also being considered in order to guarantee the good RACH preamble detection performance in the presence of large frequency offset. 
At this moment, we need to see how many preamble sequences can be generated from the current working assumptions and if they are large enough to make cell planning as easy as WCDMA systems. In this contribution, the number of possible RACH preamble sequences is computed for various cell sizes ranging from 15 to 100km and it is compared to that of WCDMA systems.
2. Number of Preamble Sequences
In RAN1 #46 meeting at Tallinn, Estonia, Zadoff-Chu sequence was chosen as a working assumption for non-synchronized RACH preamble sequence. The merits of Zadoff-Chu Sequence are the followings :
· Ideal auto-correlation property

· Good cross-correlation property

· Low PAPR
The correlation properties of Zadoff-Chu sequence are only hold under ideal condition. When frequency offset exists, the unwanted peaks in correlation could happen, which degrades the RACH detection performance. Many companies provided the detection and false alarm performances of the current baseline preamble structure (0.8ms) in RAN1#47 meeting in Riga [4]-[6]. The results show the false alarm rate is uncontrollable when a large frequency offset exists. In [4], it was shown that the false alarm probability increased significantly when the vehicle speed exceeds 150km/h or/and the frequency offset between eNodeB and UE is beyond 400Hz. The use of the repetition preamble structure where the preamble sequence of length 0.4ms is repeated, is being considered in such a condition.
Based on the working assumptions for non-synchronized RACH preamble, the number of possible preamble sequences is summarized in Table  1 for 1.25MHz system bandwidth.For various cell radii, the number of cyclic shifted Zadoff-Chu sequences and the number of code groups are computed (‘Code Group’ means the set of 64 preambles assigned one cell). 
For normal cell size (~15km), the numbers of code groups are 107 and 26 for baseline and repetition preamble, respectively. The number of code groups decreases as the cell size increases because of round trip delay of signal. 

	Maximum 

Cell Radius
(km)
	Baseline Preamble (800us)
	Repetition Preamble (400us x2)

	
	Number of 
CS-ZC
	Number of Code Groups
	Number of 
CS-ZC
	Number of Code Groups

	15
	8
	107
	4
	26

	20
	6
	80
	3
	20

	30
	4
	53
	2
	13

	40
	3
	40
	1
	6

	50
	2
	26
	1
	6

	60
	2
	26
	1
	6

	100
	1
	13
	1
	6


Table  1. Number of Code Groups 
For the cell size of 40km, there are 40 and 6 code groups available in each preamble structure. When the very large cell size of 100km which should not be precluded ([2]) is taken into account, the numbers of code groups are decreased to 13 and 6. Those numbers of code groups calculated from the current working assumptions are too small compared to that in WCDMA (Recall that RACH preamble scrambling codes are divided into 512 groups in WCDMA systems). We should note that this may put strict limitations on cell planning. 

This limitation is caused by using Zadoff-Chu sequence as a preamble. Although Zadoff-Chu sequence has good properties such as low cross-correlation and low PAPR, it could make cell planning very hard. In this regard, we need to discuss the issue of whether Zadoff-Chu sequence can provide enough number of code groups for cell planning in terms of the non-synchronized RACH.
3. Conclusion

In this contribution, the number of possible non-synchronized RACH preamble sequences was calculated for up to 100km cell radius based on the current working assumptions.  It was shown that the number of preamble code groups generated from Zadoff-Chu sequence is much smaller than that in W-CDMA. For normal cell size of 15Km radius, the number of code groups is 20% of that in WCDMA systems. As the cell size increases, the number of possible code group is decreasing. To fully support large cells, only 6 or 13 code groups are possible, which may put strict limitations on cell planning. Thus, we suggest to discuss if Zadoff-Chu sequence can provide enough number of RACH signature code groups for cell planning.
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