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1. Introduction
Basic requirement of RACH is to satisfy the round trip delay and path loss regardless of the UE speed, frequency offset, cell-size, and so on. Current working assumption on the basic RACH allocation is 1ms TTI RACH with 800µs preamble length. With guard time of 97.40µs, the cell-size can be covered up to 14.61km [1]. However, there is situation, where the cell-size can be much larger than 14.61km and may have a slight degradation up to 30km. And, cell-size up to 100km should not be precluded [2]. We analyzed the necessity of preamble repetition based on data rate analysis [3], [4], [5], [6].
2. Cell Edge Data Rate Analysis
The analysis relies on minimum uplink data rate that must be supported at the cell edge. If users in poor channel conditions cannot support minimum data rate, they may have nothing to do after initial access procedure. The relationship between minimum uplink rate and RACH preamble design can be associated with total energy usage [4], [5]. 
Preamble length calculation with power balancing
Preamble length can be calculated according to data rates and Ep/Eb. Simple power balancing provides the following relation [4], [5]
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 is the minimum data rate. Table 1 shows required preamble length from equation 1.
Table 1. The required preamble length (
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	50 kbps
	32 kbps
	25 kbps
	20 kbps
	15 kbps
	10 kbps
	5 kbps

	17.00 dB
	1.00
	1.57
	2.00
	2.51
	3.34
	5.01
	10.02

	16.87 dB
	0.97
	1.52
	1.95
	2.43
	3.24
	4.86
	9.73

	16.75 dB
	0.95
	1.48
	1.89
	2.37
	3.15
	4.73
	9.46

	16.71 dB
	0.94
	1.47
	1.88
	2.34
	3.13
	4.69
	9.38

	16.46 dB
	0.89
	1.38
	1.77
	2.21
	2.95
	4.43
	8.85

	16.00 dB
	0.80
	1.24
	1.59
	1.99
	2.65
	3.98
	7.96

	15.99 dB
	0.79
	1.24
	1.59
	1.99
	2.65
	3.97
	7.94

	15.00 dB
	0.63
	0.99
	1.26
	1.58
	2.11
	3.16
	6.32

	14.00 dB
	0.50
	0.78
	1.00
	1.26
	1.67
	2.51
	5.02

	13.00 dB
	0.40
	0.62
	0.80
	1.00
	1.33
	2.00
	3.99


According to Table 1, we note that the minimum Eb/N0 at target FER should be defined first. Although there exist many low rate services (short message service, VoIP, WAP, etc), assuming VoIP as minimum requirement, the minimum data rate can be around 20 kbps, where the VoIP packet size is variable. Some FER graphs are depicted in Figure A.1 in Annex. As we can see in the figure, the Eb/N0 at FER = 0.01 varies 1.1dB to 2.0dB as the packet size varies. Therefore, proper range of Ep/Eb can be easily induced as 16~17dB. Based on the EP/N0 range and Table 1, we can conclude that RACH preamble should be repeated at least one time with minimum data rate up to 50kbps at Ep/Eb = 16dB. 
3. Conclusion
This contribution analyzed preamble repetition requirement for minimum data rate. Based on the simple description, we note that the RACH preamble repetition should be provided for poor channel cases.
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Annex A. Simulation Parameters & Results
Simulation parameters are shown in Table A.1
Table A.1: Simulation parameters 
	Parameter
	Assumption

	No. of information bits
	100 / 200 / 300 / 400 / 500

	Channel coding
	TC 1/3 (mother code)
Max Log MAP with 8 iteration

	Channel
	AWGN

	Modulation
	QPSK
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Figure A.1. FER performance according to various VoIP packet sizes; 

Note that turbo decoder performance depends on the codeword length. 
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