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1. Introduction

For the generic frame structure, random access occupies a bandwidth of 1.08 MHz (6 RBs) and its length is a multiple of 1ms TTI.  The preamble burst structure is shown in Figure 1 with TPRE of 800s, TCP of 102.6s and TGT of 97.4s.  Note that the cyclic prefix accounts for both the maximum round trip delay and the channel delay spread.  In this case, this cyclic prefix length corresponds to a supported cell radius of approximately 14.6 km.  However, LTE requirements dictate that up to 100 km cell should be supported.   This contribution evaluates different preamble structures required to support up to 100 km cell size.
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Figure 1.  Random access preamble structure.
2. Preamble Structure for Large Cells
Two extended structures are considered for large cells as shown in Figure 2, where n is the number of 1.0ms subframe to be used for random access.  In the first structure, the preamble is repeated to provide for more received energy at the cost of guard time and cyclic prefix length.  In the second structure, the preamble length remains the same as the normal structure thus allowing for maximum increase in guard time and cyclic prefix length.  
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Figure 2.  Extended preamble burst structure (n=2 shown) – (a) preamble is repeated and (b) preamble is not repeated. 
In provide support for large cells, the guard time and cyclic prefix must be extended to accommodate the maximum round trip delay.  Approximately 6.7 (s of guard time per kilometer is required so to support up to 100 km cell size the guard time must be in the range of 670 (s.   The normal burst structure contains a cyclic prefix of length 102.6s which provides a well-balanced supported cell size of 14 km both from a round trip delay and link budget analysis perspective [1,2]. 
3. Coverage Analysis
To support very large cell, the cyclic prefix length and guard time must be extended to account for the additional round trip delay.  However, it should be considered whether the current preamble length of 800s provides enough energy for it to be successfully detected at the eNB.  For this analysis, we assume that received preamble energy per sequence of 18 dB is required to meet missed detection and false alarm probabilities of less than 1% [1].
Link budget analysis: A traditional measure of coverage is to rely on link budget analysis for path loss calculation.  To estimate the path loss at 100 km, we turn to the COST 231-Hata path loss model for the urban area [3].
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where R is the base station to UE separation in kilometers, f is the carrier frequency, and hb is the base station antenna height. Since very large cells are likely to be deployed only in rural open area, a correction factor for rural (open area) is added as follows – 
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Figure 3 illustrates the path loss versus distance for rural cells with eNB antenna height of 60m and at 2 GHz carrier frequency.  Note that the correction factor Cm is assumed to be zero in this case.  With these parameters, the path loss formula is given as
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. At a distance of 100 km, the predicted path loss from this model is 168 dB. 
[image: image6.wmf]10

20

30

40

50

60

70

80

90

100

90

100

110

120

130

140

150

160

170

180

190

200

Distance (km)

Path Loss (dB)

COST 231-Hata, Rural (Open Area)


Figure 3.  Path loss for rural (open area), eNB height = 60m, 2 GHz carrier frequency.
Table 1 provides link budget parameters for simple coverage analysis.  From the link budget, it is seen that a preamble repetition factor of 3 is needed for the preamble to be received successfully.  As a result 600 s is left to be distributed among the cyclic prefix and guard time. If the cyclic prefix must account for both the maximum round trip delay and channel delay spread, then the supportable cell size from the delay perspective is only around 45 km.
Cell Edge data rate analysis: An alternative analysis relies on the minimum uplink data rate that must be supported at the cell edge.  In this case, users in poor channel conditions that cannot support the minimum data rate should not be allowed access to the system.  In general, a minimum uplink data rate of 15-20 kbps can be considered reasonable to provide basic low rate data and VoIP services.  Using the results from [4], it was shown that for a 10MHz system under simulation case 3, the 5%-tile user throughput is approximately 18 kbps with a corresponding averaged SINR of -18dB per subcarrier.    After adjusting for the random access transmission bandwidth difference, the cell edge user on average will experience approximately -9 dB per subcarrier.  Also note that the analysis is [4] showed averaged IoT level of 3 dB which may be significantly reduced in very large rural cells. Thus, the current preamble length of 800s is sufficient.  In this case, with n=2 and no preamble repetition, the supportable cell size from the round trip delay perspective is approximately 88 km.
4. Discussion
It is seen from the link budget analysis that a preamble repetition factor of 3 is needed for the preamble to be received successfully.  However, in this case the supportable cell size from the delay perspective is only around 45 km.  To support up to 100 km cell size, at least a 4.0ms random access burst is required with shortened cyclic prefix length.  However, from the cell edge data rate analysis, a 2.0ms random access burst without preamble repetition may be sufficient from both delay and coverage perspective.  Clearly, this latter structure is more efficient since the random access overhead is reduced significantly.
Of course, the key assumption for this analysis is the minimum uplink data rate to be supported.  In this case, 15-20 kbps was considered the minimum to allow for basic services such as VoIP.  However, it may be that in some cases a much lower uplink data rate is acceptable, e.g. if the users is mostly receiving downlink services and only transmitting control signalling in the uplink.  In this case, repeating the preamble will be beneficial.  Then perhaps a modified structure, e.g. random access bust length of 3.0 ms (n=3) but with preamble length of 2×800s may be used.  However, it should be evaluated how common this usage scenario is for large cells.
Therefore, for the extended random access burst length, the preferred solution is to keep the preamble length the same in order to maximize cyclic prefix length and guard time.  However, it should be carefully considered how services may be deployed in very large cells and whether this structure can meet those requirements.
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Table 1.  Link budget parameters.

	Parameter
	Assumption

	Carrier Frequency (f)
	2 GHz

	UE Transmitter Power
	24 dBm

	eNB Antenna Height
	60m

	eNB Antanna Gain
	20 dBi

	UE Antenna Gain
	0 dBi

	Thermal Noise Density
	-174 dBm/Hz

	BS Noise Figure
	5 dB
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