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1 Introduction

Currently the following set of 40 length 40 orthogonal sequences are specified for the E-HICH and the E-RGCH signalling as shown in Table 1. However it was already identified in [1] that some sequence pairs have poor near far resistance properties at higher Doppler frequencies (200 Hz). Furthermore in [2] another weakness of this set of sequences is described. Potential peak power problems occur e.g. in case of sudden overload situations when the Node B sends DOWN to all or at least a large number of UEs. The proposed solution to mitigate the peak power problem is to replace the current specified set of 40 length 40 signature sequences with a new set, which is generated based on a Williamson-Hadamard construction principle.
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Table 1: Current E-RGCH and E-HICH signature sequences
Main advantage of the set described in [2] is, that the maximum peak to average power ratio is decreased in case of sending the same RG command to many users. The aim of this document is to further improve the peak power properties and additionally the near-far resistance performance of the E-RGCH and E-HICH channel by introducing a new orthogonal set which was found by extensive computer search.

2 E-HICH/E-RGCH Performance

As shown in [1] there are significant differences in near-far resistance between good and bad sequence pairs. The main reasons for the near-far problem are:

· The sequences are power controlled by individual UEs and a far-end user gets a higher average transmission power than a near-end user. This difference can be in the order of 20 dB [1].

· The fact that the sequence sets are not perfectly orthogonal in presence of Doppler.

If we have a perfect orthogonal set of sequences, then there is no impact from one sequence on the other. However that is not the case for the E-RGCH/E-HICH sequences in presence of Doppler. Therefore besides the peak power issue an even more important design goal is to maintain the orthogonality in medium and higher Doppler scenarios as much as possible. A measure for that are the cross-correlation properties calculated as follows(i(j):
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Table 2 shows the performance in terms of maximum side-correlation peak to auto-correlation peak:
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For (f=0 Hz all sets are orthogonal and c(i,j)=0 in case i(j. However in case of medium and high Doppler scenarios the orthogonality gets lost. For the current specified set the maximum side-correlation peak is 4.2 ((f=100 Hz) and 8.3 ((f=200Hz). In comparison the proposed optimized set achieves a reduced influence of bad sequence pairs on each other by more than a factor of 3.

	(f [Hz]
	CCPSmax - Current Specification
	CCPSmax - Sequences from [2]
	CCPSmax - Optimised Sequences

	0 Hz
	- ( dB
	- ( dB
	- ( dB

	100 Hz
	-19.6 dB
	-19.6 dB
	-29.2 dB

	200 Hz
	-13.4 dB
	-13.4 dB
	-23.1 dB


Table 2: Maximum side-correlation to auto-correlation peak of different sequence sets
Table 3 shows the maximum column sum over all sequences of a set and the maximum peak to average power ratio of the E‑RGCH/E‑HICH channel only, if the same command is send to all 40 possible users at the same time.

	
	Current Specification
	Sequences from [2]
	Optimised Sequences

	Maximum Column Sum
	40
	12
	8

	Resulting PAR
	16.0 dB
	5.6 dB
	2.0 dB


Table 3: Peak power performance of different sequence sets

3 Proposed Optimized Sequences
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	1
	-1
	1
	1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	Css,40,7
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	-1
	1

	Css,40,8
	-1
	-1
	1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	1
	1
	1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1

	Css,40,9
	1
	-1
	1
	1
	1
	1
	-1
	1
	1
	1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1

	Css,40,10
	-1
	1
	1
	-1
	1
	1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	1
	1

	Css,40,11
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	1
	-1
	-1

	Css,40,12
	1
	1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1

	Css,40,13
	-1
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	1
	1

	Css,40,14
	1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	1
	-1
	1
	-1

	Css,40,15
	1
	1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	-1

	Css,40,16
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1

	Css,40,17
	-1
	1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1

	Css,40,18
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	-1

	Css,40,19
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1

	Css,40,20
	1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	-1

	Css,40,21
	1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1

	Css,40,22
	1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1

	Css,40,23
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	1
	1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1

	Css,40,24
	1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	1

	Css,40,25
	1
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	-1

	Css,40,26
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	1
	-1

	Css,40,27
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	1
	1
	-1
	-1
	-1
	1
	1
	1
	1
	-1

	Css,40,28
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1

	Css,40,29
	1
	-1
	1
	1
	1
	-1
	1
	1
	1
	-1
	-1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	Css,40,30
	-1
	1
	1
	-1
	1
	-1
	1
	1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1

	Css,40,31
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	1

	Css,40,32
	1
	1
	1
	1
	-1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	1
	1

	Css,40,33
	-1
	-1
	-1
	-1
	1
	-1
	1
	1
	1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	1
	-1
	1
	1
	1
	1
	-1
	-1

	Css,40,34
	1
	-1
	-1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	-1
	1

	Css,40,35
	-1
	-1
	1
	1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1

	Css,40,36
	-1
	1
	1
	1
	1
	1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	-1
	-1
	1

	Css,40,37
	1
	-1
	1
	-1
	1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1

	Css,40,38
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1

	Css,40,39
	1
	1
	-1
	1
	1
	-1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	-1
	-1


Table 4: Proposed E-RGCH and E-HICH signature sequences
4 Conclusion

In this document we present a new set of optimized orthogonal sequences for the E-HICH/E-RGCH signatures to mitigate the peak power problem and improve the poor near far resistance of the current set. With the new set the orthogonality in case of Doppler is substantially improved resulting in at least 9.6 dB better suppression of maximum cross correlation to auto-correlation in medium and high Doppler scenarios. Regarding the peak power problem the maximum column sum of the new set is 8 compared to 40. Therefore we propose to replace the current set of sequences by the optimised set given in Table 4.
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