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1. Introduction
The current agreements on the Random Access (RA) preamble design (generic frame structure) are [1]:

· Duration: 800µs long

· Sequence: Cyclic-Shifted Zadoff-Chu (CS-ZC)
· Allocated bandwidth: 6 resource blocks (RBs) =  72 sub-carriers = 1.08 MHz
In this contribution, we address one of the remaining open points which are the choice of the sequence length and its frequency mapping onto the allocated 1.08 MHz.
2. Sequence length dimensioning
The sequence length design should address the following requirements:
1. maximize the number of Zadoff-Chu sequences with optimal cross-correlation properties

2. minimize the interference to/from the surrounding scheduled data on the Physical Uplink Scheduled Channel (PUSCH)
The former is guaranteed by choosing a prime-length sequence. For the latter, since data and preamble OFDM symbols are neither aligned nor have same durations (Figure 1), strict orthogonality cannot be achieved. At least, fixing the preamble duration to an integer multiple of the PUSCH symbol provides some commensurability between preamble and PUSCH sub-carriers thus providing orthogonality between some sub-carriers. This also assumes that the preamble sampling frequency is an integer multiple of the data symbol sub-carrier spacing. This is achieved with the chosen allocated bandwidth of 72 symbol sub-carriers for the RA preamble. However, with 800µs duration, the resulting sequence length is 864, which is not the prime number of requirement 1 above. Therefore shortening the preamble to a prime length slightly increases the interference between PUSCH and RA by slightly decreasing the preamble sampling rate. 
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Figure 1: Waveform discontinuities between RA preamble and UL data

The interference from PUSCH to RA is further amplified by the large operating Es/N0 of PUSCH compared to RA (>15dB). This is illustrated in Figure 2 showing the miss detection rate when the preamble length is 863 (the maximum prime number less than 864) with and without data interference. Both QPSK and 16QAM data interference were simulated. A cell radius of 13.8 km is assumed. Detailed simulation parameters for both RA and PUSCH transmissions are provided in Annex.
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Figure 2: Miss detection rate of RACH preamble (cell radius of 13.8 km).
We note that QPSK data only adds marginal interference due to its relatively low average symbol SNR (Es/N0 = 5 dB). For 16-QAM data with an average symbol SNR of 13 dB, RA has about 1 dB performance loss at Pm=1%. Therefore in the following, we focus on the baseline preamble structure with strong 16-QAM data interference and propose a solution to relieve this interference.

We propose to use guard bands to avoid the data interference at preamble edges. A cautious design of preamble sequence length not only retains a high inherent processing gain, but also allows a decent avoidance of strong data interference. In addition, the loss of spectral efficiency (by guard sub-carriers reservation) can also be well controlled at a fine granularity (1.25 kHz for 800 µs preamble duration). Figure 3 and Figure 4 show the miss detection rate for cell radii of 0.68 km and 13.0 km, respectively, for various preamble sequence lengths with and without 16-QAM data interference.
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Figure 3: Miss detection rate of RA preamble without interference

cell radius = 0.68 km (left) / 13 km (right).
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Figure 4: Miss detection rate of RA preamble with interference

cell radius = 0.68 km (left) / 13 km (right).
It can be observed from Figure 3 that, in absence of interference, there is no significant performance difference between the various sequence lengths, so that we can focus on the performance in presence of interference shown in Figure 4. As can be noted, there is a diminishing return in detection rate improvement while the preamble length is below 853, and less than 0.5 dB loss can be obtained with a preamble length of 839 at the point of Pm=1%. No apparent change has been observed for false alarm rate in all cases simulated. The sequence length of 839 also is a best trade-off choice since it corresponds to 69.91 symbol sub-carriers in each symbol and offers 72-69.91 = 2.09 symbol sub-carriers protection, which is very close to 1 symbol sub-carrier protection one each side of the preamble (Figure 5). Further higher/lower prime sequence length adjustments do not provide as good integer number of sub-carrier protection. More exactly, the 839 preamble sub-carriers are mapped onto the 864 allocated sub-carriers as follows: 12 zero sub-carriers – 839 preamble sub-carriers – 13 zero sub-carriers.

[image: image7.jpg]72 sub-carriers

15 kHz

at the data symbol FFT output

at the preamble DFT output

~1 data sub-carrier guard band

prea

mble

1 data sub-carrier guard band

=125 kHz

13 sc

839 sub-carriers

12 sc

i

864 sub-carriers





Figure 5: RA preamble mapping onto allocated the sub-carriers
The time-continuous random access signal 
[image: image8.wmf])

(

t

s

 is defined in [1] by


[image: image9.wmf](

)

(

)

(

)

(

)

å

å

-

=

-

+

+

+

-

=

-

×

×

=

1

0

2

1

0

2

,

ZC

CP

PRE

2

1

0

ZC

ZC

)

(

N

k

T

t

T

k

K

k

j

N

n

N

nk

j

v

u

e

e

n

x

t

s

j

p

p


where 
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, NZC is the sequence length, 
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 is the CS-ZC sequence. The location in the frequency domain is controlled by the parameter 
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 accounts for the difference in subcarrier spacing between the random access preamble and uplink data transmission and the variable 
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 is a fixed offset determining the frequency-domain location of the random access preamble within a resource block. We propose adopting the following values for NZC and
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:

· NZC = 839

· 
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3. Conclusion

This contribution proposes a Random Access preamble sequence length, and its frequency mapping onto the allocated 1.08 MHz. We suggested a way to reduce the PUSCH-to-RA interference by reserving guard sub-carriers, and our simulations suggested that about 12 guard 1.25 kHz sub-carriers on each edge of the preamble suffice to control the worst-case loss to below 0.5 dB. The number of 12 here coincides with the ratio of PUSCH symbol sub-carrier spacing to RA sub-carrier spacing (one 15 kHz symbol sub-carrier spacing per symbol). The resulting preamble sequence length is 839, mapped with a fixed offset of 12 sub-carriers onto the 864 allocated sub-carriers.
Reference
[1] 3GPP TS 36.211 v1.0.0 (2007-03), Technical Specification Group Radio Access Network; Physical Channels and Modulation (Release 8).
Annex:
 Simulation Parameters for PUSCH-to-RA Interference

Simulation setup: 64 preamble sequences are randomly chosen among all possible ZC sequences and their shifted versions in each trial. In addition, the UE has a random delay uniformly distributed between 0 and UE-Node B round trip delay. To maximize the interference impact, it is assumed that data and RA preamble are adjacent to each other in frequency domain. The corresponding sub-carrier allocations are as depicted below. For an 800 µs preamble, the sub-carrier spacing of RA is 1.25 kHz, equal to 1/12th of the data symbol sub-carrier spacing (15 KHz).

For PUSCH data traffic, either 16-QAM or QPSK signal with turbo coding is used, with a transmitter structure compliant to [1]. For both RA and PUSCH, two receive antennas are assumed at Node B receiver.

Common Transmission Parameters

	Number of UEs
	1

	System bandwidth
	5.0 MHz

	Channel model
	6-path TU

	UE speed
	15 kmph

	Carrier frequency
	2.0 GHz

	UE/Node B frequency error
	0


RA Transmission

	RACH slot duration
	1.0 ms (1TTI)

	RACH slot period
	10 ms

	RA bandwidth
	1.08 MHz

	Preamble over-sampling ratio (OSR)
	2

	Preamble Duration
	800 us

	CP/GT duration
	102.6 us/97.4 us

	Preamble sub-carrier mapping
	Localized

	Maximum TA uncertainty
	2.0 us

	Multipath cluster spacing
	7.5 us

	Cell radius
	0.68 km/13.0 km

	Total false-alarm rate
	10-3

	Number of preamble signatures
	64 


PUSCH Transmission

	TTI Duration
	1.0 ms (2 sub-frames)

	Number of used data sub-carriers
	228

	Modulation
	QPSK/16-QAM

	Channel Coding
	Rate 1/2 or 1/3 turbo codes

	LB/SB sub-carrier mapping
	Localized

	Average Es/N0 per receive antenna
	13 dB for 16-QAM
5 dB for QPSK
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