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1 Introduction

Currently the following set of 40 length 40 orthogonal sequences is 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.
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Table 1: Current E-RGCH and E-HICH signature sequences
Therefore to mitigate these problems the proposed solution is to replace the current specified set of 40 length 40 signature sequences with a new set and we feel that additional gain can be introduced by specifying an appropriated hopping sequence. However the aim of this document is to compare the different improved sequences which are currently proposed by multiple companies and to present a optimum set with regard to near far resistance and PAR.

2 E-HICH/E-RGCH Performance Comparison

Table 2 shows the near far resistance as defined in [1] of the different sequences for a Doppler of 100 Hz and 200 Hz.

	Near Far Resistance
	Current Specification
	Ericsson [5]
	Motorola [4]
	Huawei [3]
	Siemens [Table 4]

	100 Hz
	-19.6 dB
	-23.2 dB
	-19.6 dB
	-27.5 dB
	29.2 dB

	200 Hz
	-13.4 dB
	-17.1 dB
	-13.4 dB
	-21.4 dB
	23.1 dB


Table 2: Near far resistance of different sequence sets
The sequences described in [5] give an improvement of 3.6 dB and the sequences described in [3] an improvement of 7.9 dB compared to the current set. The best performance is achieved with the sequences given in Table 4 with an improvement of 9.7 dB and a near far resistance of nearly 30 dB for 100 Hz.

In Table 3 we shows the PAR of the E‑RGCH/E‑HICH channel, in case the same command is send to all 40 possible users at the same time.

	
	Current Specification
	Ericsson [5]
	Motorola [4]
	Huawei [3]
	Siemens [Table 4]

	PAR
	13.0 dB
	0.0 dB
	7.0 dB
	2.0 dB
	0.0 dB


Table 3: Peak power performance of different sequence sets

It can be seen that the sequences given in [5] and also the sequences presented in Table 4 below show the best PAR performance.

3 Conclusion

In this document we present an optimum set of orthogonal sequences for the E-HICH/E-RGCH signatures. The set solves the peak power problem. 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.

4 Proposed Optimized Sequences
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	-1
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	-1
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	1
	1
	-1
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	-1
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	1
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	1
	1
	-1
	1
	1
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	-1
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	1
	-1
	1
	-1
	-1
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	1
	1
	1
	-1
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	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
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	-1
	1
	1
	-1
	-1
	-1
	-1
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	-1
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	-1
	-1
	-1
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	1
	-1
	-1
	-1
	-1
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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
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	-1
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	-1
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	Css,40,24
	-1
	-1
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	1
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	-1
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	1
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	-1
	1
	-1
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	-1
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	-1
	1
	-1
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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


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