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1. Introduction

The main purpose of the random access (RA) procedure is to obtain uplink time synchronization and to obtain access to the network. In [1], a RA mechanism has been described where a preamble is used for the NodeB to determine the initial misalignment of the UE transmission timing. In [2], the RA preamble structure was proposed making use of Zadoff-Chu sequences. In addition, a theoretical derivation of the false alarm rate and missed detection rate was presented. 

Crucial to the performance of the RA preamble detection is the Ep/N0 ratio, where Ep represents the energy in the preamble and N0 is the noise power density. As derived in [2] and presented in Figure 1, an Ep/N0 in the order of 16-18 dB is required for an acceptable detection performance, i.e. Pmd=1% and a Pfa=1%. 
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Figure 1: Miss-detection rate as a function of RA preamble energy to noise spectral density for GSM Typical Urban channel model.
2. Random Access Slot Length

The structure of the random access transmission is shown in Figure 2. We assume a TDM/FDM-based RA structure where the preamble is transmitted within a RA slot specifically allocated for random access transmissions. The RA slot length Tslot shall be an integer times the sub-frame length of 0.5 ms. Sufficient guard time TGP shall remain to cover the initial timing misalignment of the uplink transmission due to the propagation round-trip delay. In addition to TGP, a small guard time Tds is required at the beginning and end of the RA slot to prevent overlap into previous and subsequent time slots caused by multi-path delay spread. Tds shall be dimensioned for the maximum expected delay spread of the channel, which is in the order of 5 μs. The long guard period trailing the random-access preamble avoids interference of the random-access preamble into the subsequent uplink frame received at Node B, and has length of TGP + Tds. The additional time Tds in the trailer is added to enable simple frequency-domain processing of the random access preamble. 
The total RA slot length can be determined as follows:

Tslot = Tp + TGP + 2∙Tds
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Figure 2: Random-access slot and corresponding preamble.

Tslot should be an integer times the 0.5ms sub-frame length: Tslot = k(0.5ms. The required RA slot length Tslot depends on the range, since both the minimum preamble length Tp as well as the minimum guard period TGP are distance dependent. The round-trip delay amounts to 6.7 (s/km or:

TGP = 6.7 ∙ d
(s)
where d is the distance in km. Based on a suitable Ep/N0 ratio as discussed in section 1 and a realistic path loss model, the required preamble length Tp as function of the distance can be determined. A modified Hata path loss model is used; the model details are described in Appendix 1. The parameters used to determine the link budget are listed in Appendix 2. The minimum required RA slot length Tslot as function of the distance is shown in Figure 3 for three different base station antenna heights and an antenna gain of 20 dBi. A method to extend the preamble length to cover larger ranges is presented in [3].
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Figure 3. Required random access slot length Tslot as a function of the distance.
3. Conclusions
The minimum required length of the RA preamble has been discussed. The preamble length combined with the guard times for round-trip delay and delay spread should fit within an integer number of 0.5ms sub-frames. Both the duration of the preamble and the guard time for round-trip delay increase with increasing range. A modified Hata propagation model has been used to investigate the length requirements on the preamble. The minimum required RA preamble length depends on the base station antenna height and antenna gain. For an antenna height of 90 m and a gain of 20 dBi, a 15 km coverage can be achieved with a RA slot of only a single 0.5 ms sub-frame. For lower heights or gains, at least two sub-frames are required. For very large cells, a lower Ep/N0 ratio may have to be considered in order to achieve reasonable RA slot lengths. This will consequently result in a higher missed detection and false alarm rate.
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Appendix 1: Modified Hata Model
For calculating the path loss, a modified Hata model has been used [4]. The formula used is given by:
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where d is the distance in km, fc is the carrier frequency in MHz, and hbs is the base station height in m. The Cs are correction factors to account for increased range, increased frequency, and the type of environment:

· CA:
impact of environment on UE antenna gain

· CB :
type of area: suburban or rural

· CC:
frequencies beyond 900 MHz

· CD:
effect of earth’s curvature

Assuming a suburban environment and a frequency of 2000 MHz, the correction factors become:
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(large city, fc > 300 MHz)
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(for suburban area)
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(see [5])
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for d > 15 km
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for d < 15 km

In Figure 4, the resulting path loss as a function of the distance is shown for the suburban case, a UE antenna height of 2 m, and a base station antenna height of 30 m. For comparison, the 3GPP model based on:
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is also shown as a dashed line. The modified Hata and 3GPP model match well for distances below 15 km. In Figure 5, the impact of the base station antenna height is shown. Increasing the antenna height from 30 m to 90 m gives a gain of about 10 dB.
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Figure 4. Path loss versus distance.
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Figure 5. Path loss versus distance for three different base station antenna heights.

Appendix 2: Link budget parameters
The required preamble length can be obtained with
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where Prx is the received power given by
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and L is the path loss as defined in Appendix 1. The link 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
	20
	dBi

	NF, BS received noise figure
	5
	dB


If we assume the required Ep/N0 = 18 dB  for acceptable detection behavior, and a suburban environment as discussed in Appendix 1, the required preamble length plus guard period as a function of the distance shown in Figure 3 results.

_1207058948.unknown

_1207464016.unknown

_1207464288.unknown

_1207472966.unknown

_1207463491.unknown

_1207061100.unknown

_1207058709.unknown

_1207058864.unknown

_1207058692.unknown

