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1
Introduction

This contribution provides insight into the reason why Doppler introduces errors in the RACH coherent preamble detection.  It shows that even in an ideal channel with very large (infinite) SNR, high Doppler can cause a received preamble to appear as the wrong signature.

To investigate the underlying physical effects of Doppler shift on RACH preamble detection, a simple simulation was performed, without the presence of additive noise or channel distortion.  It was found that the correlation between a signature, Si , transmitted through this ideal channel, and a replica of that signature, Ri , decreases as Doppler frequency increases.  At the same time, the strength of the correlation between Si and a replica of any of the other 15 signatures, Rj, increases.  At some particular frequency, the correlation of Si with some Rj exceeds the correlation of Si with Ri , and an incorrect signature identification occurs. 

This experiment was performed for the original signature set specified in S1.13 (orthogonal Gold sequences) and for the new set proposed by Ericsson in Tdoc R1-99205 (Golay sequences).  It was found that both signature sets are affected  by Doppler, although incorrect signature identification occurs at a lower Doppler frequency for Golay codes (501 Hz) than for Gold codes (636 Hz) .

2
The Simulation

For each iteration of the simulation, a  particular preamble signature, Si, was selected, and modified by the Doppler frequency as follows:
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Where:
o is an initial phase offset








fd is the doppler frequency








n = 0…15








Ts is the symbol length (1/16 msec)

Coherent detection was then performed for that Doppler-shifted signature, Pi, with the replica set of the 16 signatures. If the correct signature was identified, the Doppler frequency was incremented, and the next iteration was performed.  Each of the 16 signatures was tested at each Doppler frequency.  The iterations were continued until the signature was incorrectly identified.  The simulation was performed for initial phase offsets of 0-315 degrees in increments of 45 degrees, and it was found that the results were independent of this phase offset. 

For the original preamble signatures, it was found that the first error occurred at a Doppler frequency of 636 Hz.  For the new signature set, proposed by Ericsson in Tdoc R1-99205, it was found that the first error occurred at 501 Hz.  In both cases, the error occurred for all 16 of the signatures at that particular frequency.  Table1 below lists the detection results for each of the signatures at the frequency where the first failed detection occurs.  The Doppler frequencies where the breaks occurred correspond to velocities of approximately 343 km/h (for fd = 636 Hz) and 270 km/h (for fd = 501 Hz).  Note that this was performed without any additive noise, and is an ideal channel model. 








Table 1:  Signature Detection at Failure Points

Signature
Detected Signature for Original Set at fd=636 Hz
Detected Signature for Golay set at fd=501 Hz

1
14
2

2
3
1

3
2
4

4
9
3

5
7
6

6
12
5

7
5
8

8
16
7

9
4
10

10
13
9

11
15
12

12
6
11

13
10
14

14
1
13

15
11
16

16
8
15

To further illustrate the effect of Doppler,  Figures 1-8 are included below to demonstrate the output of the coherent detection algorithm for signature 1 as a function of Doppler frequency, for both the original (Gold) and new (Golay) signature sets.  The plots represent the magnitude of the correlation between a Doppler-shifted signature (in this case, signature 1) and replicas of each of the 16 signatures in the set.  Plots are provided for the range of frequencies from 0 to 700 Hz, in increments of 100 Hz. The correlation, Ci, of the signature with each replica, Ri was computed as follows:
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3 Conclusion

The results indicate that a Doppler problem exists for both the current preamble signatures specified in S1.13 and the signatures proposed by Ericsson in Tdoc R1-99205.  This problem is an underlying physical effect that is independent of both signal-to-noise ratio and the channel model.
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[image: image5.wmf]Figure 3: Coherent Detection for Signature 1:  

fd = 200 Hz
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[image: image6.wmf]Figure 4: Coherent Detection for Signature 1:  

fd = 300 Hz
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[image: image7.wmf]Figure 5: Coherent Detection for Signature 1:  

fd = 400 Hz
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[image: image8.wmf]Figure 6:  Coherent Detection for Signature 1:  

fd = 500 Hz
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[image: image9.wmf]Figure 7:  Coherent Detection for Signature 1:  

fd = 600 Hz
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[image: image13.wmf]Figure 4: Coherent Detection for Signature 1:  
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[image: image14.wmf]Figure 3: Coherent Detection for Signature 1:  

fd = 200 Hz
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[image: image15.wmf]Figure 5: Coherent Detection for Signature 1:  

fd = 400 Hz
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[image: image16.wmf]Figure 7:  Coherent Detection for Signature 1:  

fd = 600 Hz
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[image: image17.wmf]Figure 6:  Coherent Detection for Signature 1:  

fd = 500 Hz
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Figure 4: Coherent Detection for Signature 1:  fd = 300 Hz
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Figure 6:  Coherent Detection for Signature 1:  fd = 500 Hz
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Figure 8:  Coherent Detection for Signature 1:  fd = 700 Hz
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Figure 5: Coherent Detection for Signature 1:  fd = 400 Hz
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Figure 7:  Coherent Detection for Signature 1:  fd = 600 Hz
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Figure 2:  Coherent Detection for Signature 1:  fd = 100 Hz
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Figure 3: Coherent Detection for Signature 1:  fd = 200 Hz
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Figure 1: Coherent Detection for Signature 1:  fd = 0 Hz
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