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1. Introduction

The main purpose of the random access procedure is to obtain uplink time synchronization and to obtain access to the network. In [1], a random-access mechanism has been described where a preamble is sent from a UE for NodeB to determine the timing misalignment. In [2], the 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. 

Cell radius should be a configuration parameter for the random access preamble detector. According to ‎ [9], E-UTRA should support 

· up to 5 km with best performance

· up to 30 km with slight degradation in performance

· up to 100 km should not be precluded from specifications (and implementations)

By using link budget calculations, it is argued in ‎ [4] that longer preamble sequences are needed, compared to those presented in ‎ [2], when large cell radii are considered. A preamble structure is thus wanted, where transmitted preamble energy might be increased with increasing cell radius. 

In this paper, a preamble sequence is presented which is build of repeating a basic preamble segments 
[image: image1.wmf]M

times. Similar preamble structures are presented in ‎ [6], ‎ [7], and ‎ [8] where one short segment is repeated several times.

As a first step, the UE transmits a preamble in the random-access slots ‎ [1] where one short segment is repeated several times. These random access slots cover an integer time the sub-frame length of 0.5 ms. Sufficient guard time 
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 shall remain between preamble length and random access slot to cover the initial timing misalignment of the uplink transmission due to the propagation round-trip delay, see Figure 1. The timing misalignment amounts to
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. An increased cell radius also results in an increased round trip time uncertainty. Thus the guard period has to be increased when increasing the cell radius.
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Figure 1. Random-access slot and corresponding preamble.

A cyclic prefix (CP) is attached at the beginning of the random access slot. This in contrast to ‎ [5], where a long guard period was used instead. However, by link budget calculations it was shown in ‎ [4], that one single sub-frame is not suitable for cell radius above 8-10 km. In the current paper, a shorter guard period is suggested compared to [5]. By adding a cyclic prefix, the receiver performance might be improved compared to [5] in terms of required preamble energy (without cyclic prefix) to noise spectral density 
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for a specific miss detection rate. 

Two problems are addressed in the current paper: requirements of increased transmitted preamble energy and requirements of increased guard time, when the cell radius increases.

2. Scaled preamble length

2.1. Random Access preamble sequence

In order to optimize random access performance, we propose a scalable preamble which length depends on the cell size. Three suggested preamble length formats are illustrated in Figure 2. Here, the number of allocated sub-frames is also varied between the formats. This leads to a desired variation in guard time between the preamble formats. In each cell, only one of these formats should be selected. The choice of format should be based on the radius of the current cell. If a too short preamble is chosen, then mobiles on the cell edge will have problems to get their preambles detected. If a too long preamble is chosen, the amount of overhead, in terms of allocated sub-frames, will be large. The selected format number must be transmitted to the mobiles in each cell on a broadcast channel.


[image: image6]
Figure 2.  Preamble formats suggested and guard time.

Details of the preamble formats illustrated above are listed in Table 2 in Appendix 1. Here the performance of these formats is also evaluated, in terms of false detection and miss detection rates. It is illustrated that for longer preambles (preamble formats 2 and 3), a lower received preamble power is required compared to preamble format 1, see Table 1. On the other hand, preamble format 1 results in less overhead (in terms of less allocated sub-frames) compared to preamble formats 2 and 3.

	Preamble format number
	Number of allocated sub-frames
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TU channel, miss-detection rate 1% [dB]
	Maximum cell radius [km]

	1
	1
	16.0  (-10.5)
	6.75

	2
	2
	16.4  (-13.2)
	14.25

	3
	3
	16.6  (-14.7)
	21.75


Table 1. Required preamble energy (without cyclic prefix) to noise spectral density,
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, (and preamble power to noise spectral density, 
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, inside parenthesis) for three preamble formats, evaluated at a false detection rate of 1 % and a miss detection rate 1%.

2.2. Preamble length in relation to link budget calculation

Link budget calculations for random access preambles are presented in ‎[4]. From this contribution, minimum random access slot lengths are illustrated in Figure 3, for three different base station antenna heights. The three preamble formats from Table 1 are also illustrated in this figure, with respect to cell radius intervals for which they should be applied.
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Figure 3. Required random access slot length as a function of the distance. Also slot length and suitable distances for three preamble formats based on available guard time.

3. Conclusions

A random-access structure which is scaled in time is proposed. Here the number of allocated sub-frames is scaled as well as the length of  the preamble sequence, cyclic prefix and guard time.

A set of three preamble formats are presented such that the preamble length is cell size dependent. For small cells, one single sub-frame of 0.5 ms might be allocated for random access, while for large cells up to three sub-frames might have to be allocated. These formats are evaluated in terms of miss detection rates. Also, maximum search windows in terms of cell radii are given for these formats. 

It is proposed that RAN1 agrees on a scalable preamble length where the minimum preamble length T fits into one sub-frame and longer preambles are of length M(T. Furthermore, it is proposed to adopt a preamble structure with a cyclic prefix allowing for efficient frequency-domain implementation of the random access receiver.
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Appendix 1

Details of the preamble format illustrated in Figure 2 are listed in Table 2. Here, all preambles are built of a “basic preamble segment” of 400 s, which is repeated 
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times. Repeating the same basic preamble segment instead of constructing new longer sequences is motivated by simpler receiver algorithms. Also, at the transmitter side, it is simpler to repeat one short basic segment instead of constructing long sequences. A schematic illustration of how to generate these preambles is given in Figure 4. Also the length of the cyclic prefix is scaled with 
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.

With a sampling rate of 30.72 MHz (corresponding to a bandwidth allocation of 20 MHz), this preamble segment has a length of 12288 samples. This is also the size needed for a receiver DFT (Discrete Fourier Transform) if a frequency domain preamble detector is used. A DFT of 12288=3*4096 samples can be implemented with a Divide-And-Conquer approach, see ‎[10], where an FFT of 4096 samples is combined with a DFT of 3 samples.

	Preamble format number
	Basic preamble segment size [us]
	Basic preamble segment size [samples]
	Number of allocated sub-frames
	Repetition factor of preamble segment 
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	Preamble length [us]
	Cyclic prefix length [us]
	Guard time [us]
	Maximum cell radius [km]

	1
	400,00
	12288
	1
	1
	400,00
	50
	50
	6,75

	2
	400,00
	12288
	2
	2
	800,00
	100
	100
	14,25

	3
	400,00
	12288
	3
	3
	1200,00
	150
	150
	21,75


Table 2. Preamble formats with cell size dependent length. These maximum cell radii are only based on available guard time.

By allocating more than one sub-frame to random access, as suggested in ‎[1], a large guard time can be achieved, which is required for large cells. The maximum cell radius for each of the preamble formats based on the available guard time is listed in  Table 2. Here a maximum delay spread of  5s is used. These maximum cell radii are thus not based on link budget calculations but only on available guard time.
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Figure 4.  Schematic generation of preambles.

4.1. Basic preamble segment sequence

A preamble is suggested to be composed of repeating a basic preamble segment several times, see Table 2. The length of this basic preamble segment should be small enough such that a large flexibility can be obtained in the total length. However, a shorter preamble segment results in fewer possible sequences.

With a random access frequency allocation of 1.25 MHz, a sampling frequency of 30.72 MHz and a basic preamble segment length of 12288 samples, the number of basic preamble segment symbols which can be used must fulfill
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which gives a restriction on the maximum length of the basic preamble segment sequence. If e.g. a GCL sequence of length 
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 is used ‎[2], then 
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sequences are available. In ‎[2], 
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was proposed. An analysis of the number of needed sequences can be found in ‎[3].

One of the motivations for having a flexible preamble length is to have good enough performance for mobiles on the cell border in large-sized cells, while reducing the random access overhead for small- and medium-sized cells. In the following section, performance of the suggested preamble formats are given, in terms of required preamble to noise energy, for specific false detection and miss detection rates.

4.2. Performance by theoretical calculations

For the performance results in the current paper, a preamble detector as outlined in ‎[2] is used, with 2 receiver antennas which are non-coherently combined. However, since a cyclic prefix is available, no “overlap-and-add” is needed. Instead, the cyclic prefix is simply removed before the DFT. For the results of the current paper a fully coherent accumulation is used for each antenna over the whole preamble length. This coherent accumulation requires low Doppler spread and low frequency offsets. In order to combat high Doppler spread and large frequency offsets, a non-coherent accumulation will be considered in future studies.

Performance results of preamble detection for all the preamble formats presented in this report are given in Figure 5. Here results are given for all three formats in the same figure, where preamble format 1 is evaluated for a search window corresponding to a cell radius of 6.75 km, format 2 for 14.25 km and format 3 for 21.75 km.
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Figure 5. Miss-detection rate, from theoretical calculations, as a function of preamble energy (without cyclic prefix) to noise spectral density for GSM Typical Urban channel model. Plots for all three preamble formats, with preamble search window corresponding to 6.25, 14.25 and 21.75 km cell radii, respectively.

A summary of the performance results is given in Table 3. Here are also values of preamble power to noise ratio (
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with 
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and 
[image: image24.wmf]M

according to Table 2.
	Preamble format number
	
[image: image25.wmf]0

N

E

p

(
[image: image26.wmf]0

N

E

s

)

static channel, miss-detection rate 1% [dB]
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TU channel, miss-detection rate 1% [dB]

	1
	10.6  (-16.0)
	16.0  (-10.5)

	2
	10.8  (-18.8)
	16.4  (-13.2)

	3
	10.9  (-20.4)
	16.6  (-14.7)


Table 3. Required preamble energy (without cyclic prefix) to noise spectral density (and preamble power to noise spectral density inside parenthesis) for three preamble formats, evaluated at a false detection rate of 1 % and a miss detection rate 1%. Results both for static and Typical Urban channels.

In terms of
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, all preamble formats result in approximately the same miss detection rate in Table 3. But the search window increasing at a slightly faster rate (maximum cell radius = 6.75, 14.25 and 21.75 km, see Table 2) than the length of the preamble (
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). When the search window increases, we must increase our threshold to keep false alarm rate constant. With an increased threshold, the required 
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 also increases. 
From Table 3 follows that required preamble power 
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varies between the formats, as expected. Thus, for longer preambles, lower received preamble powers are sufficient.

4.3. Performance by simulations

In Figure 6, miss detection rates from link-level simulations are illustrated for a typical urban channel and with a mobile speed of 120 km/h. Here, the performance degrades, in terms of required 
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when the length of the preamble increase (i.e. for increased 
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). This in contrast to Figure 5, where only a slight degradation might be noticed for increased 
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.  This larger degradation in performance is due to the coherent combining of preamble segments in the preamble receiver. For larger Doppler spreads, a non-coherent combining of preamble segments should be considered. 

[image: image36]
Figure 6. Miss-detection rate, from simulations, as a function of preamble energy to noise spectral density for GSM Typical Urban channel model. Plots for all three preamble formats, with preamble search window corresponding to 6.25, 14.25 and 21.75 km cell radii, respectively.
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