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1
Introduction

The random access burst, consisting of preamble and the message parts, is transmitted from the UE to the base station. The message part is spread by the quadriphase spreading sequence that is additionally modified/modulated in order to reduce the Peak-to-Average Power Ratio (PAPR) of filtered transmitted signal [1]. The same kind of modulation, called HPSK modulation is applied on the uplink dedicated physical channel. The HPSK modulation allows the UE power amplifier to be designed for a maximum PAPR reduced by 1 dB compared to the case of ordinary QPSK modulation.

However, the preamble part, consisting of the binary synchronisation code of length 4096 chips, is pseudo-QPSK modulated, i.e. each binary (+/-1) element is multiplied by the constant complex number C= (1+j)/
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, j=
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-

, before filtration in quadrature transmitter branches. Consequently, the PAPR during the preamble transmission will be 1 dB higher than during the message or traffic channel transmission. This might cause distortion of transmitted signal and interference in the neighbouring frequency channels. It is especially critical at high power levels which may frequently happen during the preamble power ramping procedure [2], when the UE transmits each subsequent RACH preamble at increased power level until the confirmation of successful reception from the base station is fed back.

The HPSK modulation changes the correlation properties of the spreading sequences to which it is applied. When the spreading sequence is a specially designed synchronisation code with low aperiodic autocorrelation sidelobes, after the HPSK modulation there is no guaranty that the autocorrelation will remain the same. Quite opposite, usually it becomes much worse. This is the reason why HPSK modulation is not applied to RACH preamble as well.

Therefore it is desirable to find another "modulation" scheme for the RACH preamble, which would also provide limited phase transitions between the successive quadriphase code elements to reduce the PAPR, but which would produce preambles with unchanged correlation properties.

2
New RACH preamble modulation

The new proposed modulation for reduction of the PAPR of the RACH preamble is shown in Figure 1. The binary preamble spreading code is duplicated to both I and Q branches, fed through the PAPR reduction device, and filtered in corresponding pulse shaping filters in order to obtain baseband transmit signal with band-limited frequency spectrum.

Since the new scheme ensures limited phase transitions at all chip positions, the obtained quadriphase codes are expected to produce transmit signals with even lower PAPR than obtained by HPSK modulation. Simulation results show that the proposed scheme produces 1 dB lower PAPR than HPSK modulation (which is anyway not suited for the preamble due to the negative impact on the preamble's auto-correlation properties).
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Figure 1: Baseband modulator for RACH preamble.

The binary RACH preamble a(k), k = 0, 1, 2, …, L-1, of length L is first multiplied by (1+j)/
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and then multiplied by jk, k = 0, 1, 2, 3, …, L-1 where j=
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-

. The resulting quadriphase preamble b(k), can be represented as

b(k) = a(k) 
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, k = 0, 1, 2, 3, …, L-1.            (1)

In the RACH preamble receiver the received signal is down-converted to the complex baseband signal. The I and Q branches of the received baseband signal are filtered by the corresponding pulse shaping filters and then correlated by the complex conjugate of the transmitted complex preamble {b(k)}.

When the received signal contains the transmitted RACH preamble, the output of the complex correlator is proportional to the aperiodic autocorrelaton function Rb() of complex sequence {b(k)}, which is given by

Rb() =
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where Rb(-) = Rb()*. From (1) and (2) it follows that

Rb() =
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From (3) it is obvious that the quadriphase synchronisation code keeps the same aperiodic autocorrelation magnitude as the original binary code. The aperiodic autocorrelation magnitude is the signal which is compared with a threshold in the peak detector, what means that the modulation does not change the preamble detection performance in any way.

On the other side, the preamble receiver complexity is little bit increased by the additional two multipliers and two adders required to implement the phase "de-rotation" of the incoming signal, as it is shown in Figure 2. The phase de-rotation can be performed asynchronously with the incoming signal, by multiplying the incoming signal with a complex oscillator 
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, where  is an arbitrary integer. 
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Figure 2: Base station RACH preamble receiver.

The operation of the RACH preamble receiver in Figure 2. is described by the following equation

R() = 
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As it can be seen from the above equation, the only effect of the asynchronism of the phase de-rotation is that the output complex correlation values will be multiplied by a complex constant of unit magnitude. Hence the peak detector will not see any influence of such asynchronous phase de-rotation.

The different rays detected by the RACH preamble receiver will have an additional constant phase shift due to the dependence of the arbitrary  value. This poses no extra problems. One could want to use the estimated channel phase from the preamble to initialise the channel estimate for the message part. This would then require to compensate the phase shift of the preamble impulse response due the de-rotation. However, this is easily compensated for, since we know with what phase the rotation was done in the transmitter, and we know the phase of the de-rotation applied in the receiver. We know the timing of the peak detected and the timing of phase de-rotation corresponding to that peak, and from that information the phase shift between transmitter and receiver rotation can be calculated and phase compensation is easily done. To conclude, we can use any information derived from the preamble detection for the message detection in exactly the same way as for the old scheme without any PAPR reduction.

3
PAPR performances

The PAPR has been evaluated. For the (pseudo) QPSK modulated RACH preamble currently specified in S1.13 the PAPR is about 4.9 dB. When the new modulation is applied the PAPR is about 2 dB. With HPSK modulation applied to some arbitrary pair of binary sequences, the PAPR is about 3 dB. In all cases the evaluation is performed by using the root raised-cosine pulse shaping I and Q filters with roll-off factor =0.22.

The performance is not very dependent on the actual codes used (Orthogonal Gold, Golay based, random codes, etc.), the variance is measured in tenths of dB.

Hence, we conclude that independent on the preamble codes, the new preamble PAPR reduction scheme gives an improvement in PAPR of around 2.9 dB, a very significant value.

4
Conclusion

A modulation scheme for arbitrary binary preamble codes is proposed. The scheme produces quadriphase preamble codes having at most plus or minus 90 degrees phase transitions at all chip positions, which results in around 2.9 dB PAPR reduction on the filtered transmitted signal, compared to ordinary QPSK spreading. The scheme does not affect the aperiodic autocorrelation properties, maintaining good synchronisation properties. The preamble receiver is only marginally modified and any efficient binary preamble code correlator can be used in the same way as without the new modulation scheme.

Text proposal

No detailed text proposal is given here, since the actual definition of the preambles is under discussion (Golay based preambles), which would affect the current text. When the preamble sequences are defined the only extra text needed in S1.13 is something like:

The binary preamble a(k) is then modulated to get the complex valued preamble b(k),

            b(k) = a(k) 
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