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1
Introduction

The random access preamble is used when the UE does not have uplink synchronization. Basic preamble structure consists of cyclic prefix, preamble and guard time. To support large cell size, all of them should be increased. Until now, there were two approaches to investigate random access preamble length. 
· Minimum throughput 64kbps and corresponding preamble capacity[1-4]
· Link budget and required SNR for preamble detection[5-7]
For small cell size, the results of both approaches were well agreed and we could have basic preamble structure of 1ms. However, there are large discrepancies if we consider large cell size. 
In this document, the feasibility of large cell is discussed and corresponding preamble format is presented. 
All discussion in this document is based on ITU-R P.1546 experimental field strength data which covers frequency range 30MHz to 3000MHz, distance range 1km to 1000km and various environment such as land path and sea path .[8]
2
Link budget and preamble length
The required preamble length can be obtained with[6]
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where Prx is the received power given by
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and L is the path loss as defined as follows[8].
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where E is plotted in Appendix 1 for both land and sea path and f is frequency(MHz)
The other parameters and the selected values are summarized in Table 1.

Table 1.  Link budget parameters
	Parameter
	Value
	Entity

	Ptx, UE transmit power
	24
	dBm

	Gtx, UE antenna gain
	0
	dBi

	Grx, BS antenna gain plus cable loss
	14
	dBi

	NF, BS received noise figure
	5
	dB
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, Thermal Noise Densigy
	-174
	dBm/Hz
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, Required SNR
	18
	dB

	Penetration loss
	0
	dB

	Shadowing
	0
	dB

	Carrier frequency
	2000
	MHz


The required preamble length as function of the cell size in land path is shown in Figure 1 for various base station antenna heights.
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Figure 1.  2000MHz, Land path, 50% time, required preamble length as a function of cell size
To support 100km cell size, 10ms preamble length is required even in 1200m base antenna heights case. If we consider penetration loss as 20dB, required preamble length is 1s which seems absurd. 
The required preamble length as function of the cell size in sea path is shown in Figure 2 for various base station antenna heights.
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Figure 2.  2000MHz, Sea path, 50% time, required preamble length as a function of cell size
In the sea path, 100km cell is supportable with basic preamble length if base antenna heights are higher than 600m. If we consider 20dB penetration loss, 3ms preamble is required with 1200m heights. For a mixed path like coast environment, intermediate path-loss can be calculated using both curves.
From the above figures, we can conclude 
· Normal (urban, sub-urban) environment 100 km cell is not feasible

· Base station antenna height dependency to path-loss is very high
· Effect of preamble length is smaller than those of base antenna height and environment

· Preamble repetition does not increase cell size enough (just about 10%)
3
Preamble structure
In order to reduce a waist of resource, we suggest one additional preamble structure for large cell which is illustrated in Figure 3.
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Figure 3.  Preamble formats suggested and maximum cell radius

Details of the preamble formats illustrated above are listed in Table 2. Extended preamble structure can support 89.6km cell size but total length is 2ms so latency will not increase.
Table 2.  Details of the preamble formats
	Format number
	CP Length[us]
	Repetition factor
	Guard Time[us]
	Total Length[ms]
	Maximum cell radius[km]

	1
	102.60
	1
	97.40
	1
	14.6

	2
	602.60
	1
	597.40
	2
	89.6


4
Conclusion
The relation of preamble length and cell size based on ITU-R P.1546 field strength curve is investigated. 

· Land path 100km cell is not feasible. 

· Preamble repetition does not increase cell size enough. 

· Extended preamble structure without repetition is proposed. 
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Appendix 1: Field strength

To calculate path-loss, next figures of reference[8] were used.
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FIGURE 20

2000 MHz, sea path, 50% time
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