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Introduction

We here evaluate the impact of Doppler on RACH preamble detection performance using the following three detection schemes:

1) Conventional coherent detection processing with current baseline signature sequences 

2) Differential decoding with modified preamble signature sequences

3) Sophisticated coherent processing with the predefined Doppler channels, using current baseline signature set.

For the third scheme above, we assume that Doppler channels are equally spaced in frequency domain, starting from the center (carrier) frequency to both right and left sides in frequency. Here we set the frequency spacing interval to 100 Hz.

Given the number of the Doppler channels, say k, we have (k*16) hypotheses to identify the transmitted signature sequence at the preamble detector. Then we select the most likely signature from the (k*16) correlator outputs.

Simulation Results

We consider the channel model provided by Nokia, which has been used to evaluate the candidate Turbo code schemes under the common channel environment in Turbo-code Ad hoc group meeting of ETSI SMG2-L1. The channel model was built based on Jakes model with classic Doppler spectrum. Note that current ITU channels are on the basis of Jakes model. According to Nokia channel model, the channel impulse response is given by
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where 
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 are the average power and delay for the n-th multipath, respectively, and, 
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 are the complex-valued attenuation factor and arrival angle for the i-th unresolved sub-multipath component in the n-th multipath, respectively. The parameters, 
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, are pre-generated. Note that 
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 is the maximum Doppler shift in Hz.

In order to investigate the PRACH preamble detection in the presence of Doppler including Doppler spread, we have used only one path per simulation among the above 7 paths for simplicity.  The received signature waveform can be written by


[image: image9.wmf](

)

å

=

×

×

-

×

×

=

20

1

cos

2

exp

)

(

)

(

i

i

sp

d

i

sp

sp

t

j

t

s

t

r

f

p

q

a

p

            (2)
where 
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 is the transmitted signature waveform.

Fig. 1 through Fig. 3, show the probability of failed detection versus SNR in dB for each of the three detection schemes, when the 1st path among the 7 paths is considered.  It can be seen that conventional coherent detection suffers from error floor for every speed considered here, while the differential decoding is very robust for all cases. For the third method (coherent processing with Doppler channels), the performance can be improved as the number of Doppler channels (Doppler channel coverage) increases. But once the Doppler channel number exceeds a certain amount, increasing the channel number doesn’t help the performance improvement

Note that in general, even though the sophisticated coherent processing with large number of Doppler channels (above 10 Doppler channels) performs better than differential decoding, the difference is roughly on the order of 2-3 dB at the expense of excessive implementation complexity.
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Figure 1: Comparison of conventional Coherent Detection, Differential Detection and Coherent Processing with multiple Doppler channels, V =120 km/h 

Figure 2: Comparison of conventional Coherent Detection, Differential Detection and Coherent Processing with multiple Doppler channels, V =180 km/h 
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Figure 3:  Comparison of conventional Coherent Detection, Differential Detection and Coherent Processing with multiple Doppler channels, V =300 km/h

Conclusions

· For all cases considered here, performance of differential decoding with the modified signature set is very robust and predictable in the presence of Doppler.

· Performance of conventional coherent processing is degraded by Doppler, especially at high Doppler the coherent processing suffers error floor.

· The coherent processing with multiple Doppler channels compensates especially for relatively high Doppler. But for high Doppler, in order for the coherent processing to perform better than differential docoding over all SNR range, the required number of Doppler channels is approximately proportional to maximum Doppler spread. Note that the increment of Doppler channels clearly increases the implementation complex at base station.  
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V = 180 km/h, fd = 333.3 Hz, Nokia channel (1st path)
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V = 300 km/h, fd = 555.5 Hz, Nokia channel (1st path)
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V = 120 km/h, fd = 222.2 Hz, Nokia channel (1st path)
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