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1 Introduction

Random access preamble format 4 in 36.211 which is called short RACH in this proposal is used in LTE TDD. In the following sections, we will discuss some issues about short RACH including time/frequency domain position, the number of preambles per cell and the Ncs set.
2 Position
2.1 Time
In time domain, it is suggested that short RACH is placed at the end of UpPTS. The advantages include
· Fixed time domain position regardless the length of UpPTS and CP resulting in simpler implement and less delay especially in case of handoff.
· Less interference from DwPTS.
Another time domain position for short RACH is at the beginning of UpPTS. The main reason of this idea is to use GP as GT by means of timing advance. However timing advance will result in stronger interference from DwPTS. To alleviate this interference, maybe one more symbol is needed to be muted to increase GP. This will bring resource waste. If short RACH is placed at the end of UpPTS, timing advance is still available and will not bring severe interference from DwPTS.
2.2 Frequency
In frequency domain, since there is no PUCCH in UpPTS, similar to current conclusion for long RACH, it is suggested that half (or about half) of short RACHs in frequency domain are placed at one side of the whole available frequency band and the rest are placed at another side. Frequency hopping from one side to another side can be used for retransmission, as shown in Fig 1, to obtain good frequency domain diversity gain. Meanwhile this idea also helps to simplify allocation of the RBs not occupied by RACH.
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Fig 1 Short RACH Position, 4 short RACH in Frequency as an example
3 The Number of Preambles per Cell
3.1 Interference Problem
For short RACH, the sequence length is relative short compared to long RACHs (preamble format 0 - 3), so the number of preambles per cell should be considered carefully to avoid small sequence reuse factor which will bring strong inter-cell interference. Meanwhile the larger number of preambles per cell requires more root sequences for a cell with a certain Ncs and means lower totally orthogonal probability of two preambles, which will generate more intra-cell interference. Here sequence reuse factor is defined as the number of cells using different root sequences. And the totally orthogonal probability of two preambles is equivalent to the probability that two preambles come from one root sequence.
In Fig 2, we compared sequence reuse factor for the case of 16, 32 and 64 preambles per frequency RACH (or per cell) assuming sequence length is 139. It can be seen that the sequence reuse factor for 16 preambles per frequency RACH is much larger than that for 32 and 64 preambles per frequency RACH especially in the interference-limited scenario in which short RACH is most commonly used. For the case of 16 preambles per frequency RACH, the sequence reuse factor will be larger than 32 within 4 km coverage, while for the case of 32 preambles per frequency RACH, the coverage is limited within 1.5 km to reach the same sequence reuse factor and for the case of 64 preambles per frequency RACH, the max sequence reuse factor is only 20, which is limited within about 1.2 km. So from the perspective of inter-cell interference, we think 16 preambles per cell are suitable.
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Fig 2 Sequence Reuse Factor Comparison
In Fig 3, we compared preamble orthogonal probability for the case of 16, 32 and 64 preambles per frequency RACH assuming sequence length is 139. For all scenarios, especially for low coverage, the totally orthogonal probability of two preambles for the case of 16 preambles per frequency RACH is much larger than that of 32 and 64 preambles per frequency RACH. So from the perspective of intra-cell interference, 16 preambles per cell are suitable.
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Fig 3 Preamble Orthogonal Probability Comparison
3.2 RA Capability
Analysis of the relation between RA capability and collision probability has been presented in [1], which is cited in appendix. We calculate the max RA load that each configuration can accommodate with assumption of 1% collision probability, which is summarized in Table 1. Here RA load is defined as the number of accessing attempts per second and we assume that smaller band width correspond to lower RA load.
Table 1 Max RA load of Each Configuration
	Conf
	NF
	Nsign
	NT
	NF* Nsign * NT
	RA load

	1
	1
	16
	50 
(1 RA slot per 20 ms)
	800
	30

	2
	1
	
	100
(1 RA slot per 10 ms)
	1600
	60

	3
	1
	
	200
(2 RA slot per 10 ms)
	3200
	90

	4
	2
	
	
	6400
	160

	5
	3
	
	
	9600
	200

	6
	4
	
	
	12800
	230

	7
	5
	
	
	16000
	255

	8
	6
	
	
	19200
	280

	9
	7
	
	
	22400
	300

	10
	8
	
	
	25600
	323

	11
	9
	
	
	28800
	340

	12
	10
	
	
	32000
	360

	13
	16
	
	
	51200
	455


From Table 1, we can see that for the case of 16 preambles per frequency RACH, the lowest RA load offered by Conf 1 is 30 and the highest RA load offered by Conf 13 is 455. The increasing granularity is about 30.
In [2, 3], RA load in LTE system is estimated for several scenarios. The analysis result from [2] is introduced in Fig 4. In normal case, RA load is less than 150, and it is very rare that RA load exceeds 500. So we can say that in the respect of RA capability, 16 preambles per frequency RACH is enough and can satisfy the requirement of most scenarios.
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Fig 4 Preamble Orthogonal Probability Comparison
4 Ncs Set
The Ncs set for long RACH is not suitable for short RACH because
· the max coverage is different, this means the max Ncs value is different for long RACH and short RACH.
· the sequence length is different, this means the Ncs set which is optimized for long RACH is not suitable for short RACH.
So it is suggested that a delicate Ncs set for short RACH should be designed. In [4], it has been proven that the optimum Ncs set would be the one that for any radius less than the max supported radius, the number of preambles with restriction of a certain Ncs set is as close as possible to the number of preambles without any restriction. We use the identical design method to generate Ncs set for short RACH with the assumption of 16 preambles per cell and the result is shown in Table 2.
Table 2 Ncs Set for Short RACH
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	Conf
	Normal set
	Radius, km
	Root num
	Pre per root

	0
	8
	0.3
	1
	16

	1
	9
	0.5
	2
	15/1

	2
	10
	0.6
	2
	13/3

	3
	11
	0.7
	2
	12/4

	4
	12
	0.9
	2
	11/5

	5
	13
	1
	2
	10/6

	6
	15
	1.3
	2
	9/7

	7
	17
	1.6
	2
	8

	8
	19
	1.9
	3
	7/2

	9
	23
	2.5
	3
	6/4

	10
	27
	3
	4
	5/1

	11
	34
	4
	4
	4

	12
	46
	5.7
	6
	3/1


It is shown in Fig 5 and Fig 6 that for short RACH, the Ncs set for long RACH will provide lower sequence reuse factor and lower orthogonal probability of two preambles than the Ncs set proposed in Table 2, so Ncs set in Table 2 or one of its subset is proposed.
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Fig 5 Sequence Reuse Factor Comparison
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Fig 6 Sequence Reuse Factor Comparison
5 Conclusions
For short RACH we propose

· in time domain, it is placed at the end of UpPTS and
· half (or about half) of short RACHs in frequency domain are placed at one side of the whole available frequency band and the rest are placed at another side. 

· 16 preambles are used for each frequency RACH, i.e. 16 preambles per cell.
· Ncs set in table 2 or one of its subset is used to generate preambles
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Appendix
If assuming a simple Poisson distribution for the model of non-synchronized RACH attempts. The collision probability per one signature sequence transmission, Pcollision_sign, is given by
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(1)
where   is the average number of non-synchronized RACH attempts per second, NT  is the number of RA slots per second, NF  is the number of frequency RACH per time slot, Nsign  is the number of preamble sequences per frequency RACH. Then the probability which at least one collision happens within a time slot, Pcollision_slot, is represented as
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