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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 should have a slight degradation up to 30km. And, cell-size up to 100km shall be supported [2]. In the following, we analyze the necessity of preamble repetition for large cells.

2. Link Budget Analysis
 As cell size becomes large, the related path loss can be prohibitive. Since very large cell (such as 30km or maybe 100km) shall be supported as stated in [1], UEs in low geometry may have low possibility to access the network with sufficient quality. Particularly the initial access shall be more robust than the normal scheduling and control signaling, because they can be more protected with the other methods (such as repetition possibly with low code rate). To ensure the robustness of E-UTRA design, we inspect the link budget and necessity of preamble repetition. 
For link budget analysis, we use ITU-R P.1546-2 model [4]. The EP/N0 is obtained as

EP/N0 = Pmax + PL – Pnoise + GNB + GUE
where Pmax is UE maximum transmit power, PL is the propagation loss, Pnoise is equivalent noise power, GNB is , GUE denote the Node B and UE antenna gain. For thermal noise PSD of -174dBm/Hz and uplink noise figure of 5dB. System parameters are shown in Annex A.
Figure 1 and 2 show the EP/N0 vs distance between Node B and UE, where UE antenna heights is 10m and base station antenna heights are 37.5m, 75m . 150m, 300m, 600m and 1200m. We made rough estimation of supportable range by setting target EP/N0 to 18dB with two antenna diversity. It is possible to cover the radius up to 19km without repetition. And up to 21.6km with repetition for 37.5m antenna height. Table 1 show the coverage range in variable case. 
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Figure 1. Achievable EP/N0 depending on distances : No repetition preamble
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Figure 2. Achievable EP/N0 depending on distances : Two repeated preamble
Table 1. Coverage range for no preamble repetition and 2 preamble repetition
	Base station antenna height
	35.5 m
	75 m
	150 m
	300 m
	600 m
	1200 m

	Maximum coverage of no preamble repetition
	19 km
	26.5 km
	36.3 km
	49 km
	65.6 km
	92 km

	Maximum coverage of 2 preamble repetition
	21.6 km
	29.7 km
	40.6 km
	53.8 km
	70.7 km
	98 km


Because of the cell coverage requirement, cell-size up to 30km shall be supported with slight degradation. With antenna height smaller than 75m, it’s difficult to satisfy the requirement. We should note that the estimation in Table 1 just gives the approximated cell-size without any shadowing or channel variation. In other words, these coverage can be supported if we provide additional margin to the path loss for realistic environment. The ways to increase the margin can be preamble repetition, antenna gain improvement, beamforming, etc. For the freedom of deployment, we prepare a measure to increase the link margin in E-UTRA specification. 
3. Miss Detection Performance
Miss-detection performance is evaluated by simulation for the cell edge UEs where the cell radius is 100km. We assume false alarm probability of 0.01-1% and UE’s maximum transmission power of 24dBm. Threshold is computed to satisfy the required false alarm probability for all signatures. We assume 64 signatures per cell. Simulation parameters are shown in Annex A. For each step of the simulation, the ZC root sequence and the UE round-trip time are selected randomly among the range of possible values. Target EP/N0 per antenna is set to 15dB (this value is not always satisfied). We compared the performance of two options. Option 1 use 0.8ms preamble, 718.2 µs CP and option 2 use 1.6ms repeated preamble, 718.2 µs CP. In the simulation, we did not allow the RACH retrial.
Figure 3 show the performance of two options without shadowing for cell edge UEs (above 95km) when cell radius is 100km and node height is 1200m. At 0Hz, the miss detection probability of option 1 is 27.56% with average received EP/N0 of 11.51dB per antenna. And the miss detection probability of option 2 is 2.13% with average received EP/N0 of 14.52dB per antenna. In this case, all edge UEs can’t satisfy target EP/N0 with their maximum transmission power. There are 3dB gains of preamble repetition. Note that these marginal performances are only achievable under somehow unrealistic or special environment (Node-B height = 1200m).
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 (a) Miss detection probability                                                           (b) False alarm rates
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 (c) Average received EP/N0 per antenna

Figure 3. Performance Comparison of one preamble structure and two repeated preamble structure.
4. Conclusion
This contribution evaluated the link budget and preamble repetition effect for large cells. We focused on coverage and the performance of the cell edge UEs for large cells. The followings are our position:
(  The preamble repetition was required to provide additional link margin for large cells.
(  If we use the preamble repetition, several structures can be considered for different RACH allocation [5].
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Annex A. Simulation Parameters

Simulation parameters are shown in Table A.1
Table A.1: Simulation parameters 
	Parameter
	Assumption

	Shadowing standard deviation
	0 dB

	UE power class
	24 dBm

	Thermal noise density
	-174 dBm/Hz

	Noise Figure
	5 dB

	Carrier frequency
	2 GHz

	Bandwidth
	1.25 MHz

	Channel environments
	AWGN

	Antenna configuration
	1 Tx antenna, 2 Rx antennas

	RACH slot duration
	CP
	718.20 us (102.60 us * 7)

	
	Preamble duration
	No Repetition : 800 us / Repetition : 1600us

	
	GP
	No Repetition : 1418.8 us / Repetition : 1681.8 us

	Zadoff-Chu sequence
	Length N
	863

	
	index
	Random selection every drop

	Detector
	Energy detector
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