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1. Introduction

In [1], E-HICH/E-RGCH Hadamard signature sequences were defined.  However, in [2] it was noted that these signature sequences produce high peak power when identical information content is simultaneously transmitted to most users.  As a result, an alternate set of orthogonal sequences were proposed.  This contribution examines peak power requirements of the original sequences from [1], the modified sequences from [2], and a randomized version of the original Hadamard sequences. 

2. discUSSION

As noted in [2], the Hadamard sequences from [1] contain +1 in the first column and thus will require high peak transmission power when the same command is transmitted to most users.  Although the probability that most users will receive the same command is low for the E-RGCH channel, for the E-HICH this probability is not inconsequential based on the H-ARQ operating point.  If, for instance, an operating packet error rate of 20% is chosen for H-ARQ, then ACKs will be transmitted most of the time.  Hence, the original signature sequences may require unnecessary high peak power.  For convenience, the original set of Hadamard sequences from [1] is shown in Table 2.

In [2], a 40x40 orthogonal sequence matrix constructed from a 20x20 Williamson-Hadamard matrix was proposed.  This sequences have +1 and -1 that are more evenly distributed and thus do not suffer from high peak power when the same information content being transmitted.   For comparison purposes, the new set of orthogonal sequences is reproduced in Table 3.  

As an alternative, a randomized version of the original sequences is also considered.  In this case, each original Hadamard sequence from [1] was multiplied by a +1 or -1 generated randomly.  However, a simple check of the random multiplicative factors was performed to ensure that the resulting sequences have +1 and -1 that are evenly distributed.  This new set of sequences is given in Table 4.

To evaluate the peak power requirement for these three sets of sequences, simulations were run with the information content (either +1 or -1 only) generated randomly according to the following probability of +1 being transmitted - 50%, 80%, 90%, and 100%.  Figure 1 - Figure 4 illustrate results with the maximum 40 simultaneous users, while Figure 5 - Figure 8 illustrate results with 20 users.  From the figures, it is seen that, in most cases, the three sequences have very similar CDF except for the tail.  As expected, the Hadamard sequences have the longest tail due to the presence of +1 in the first column, while the Williamson-Hadamard and randomized Hadamard sequences have similar performance.  

Table 1.  Peak power of with Prob(+1) of  80%.

	No of Users
	Sequence
	99.99% Peak Power
	100% Peak Power

	20
	Hadamard
	324
	324

	
	Williamson-Hadamard
	324
	324

	
	Randomized Hadamard
	324
	324

	40
	Hadamard
	784
	1156

	
	Williamson-Hadamard
	784
	900

	
	Randomized Hadamard
	784
	900


Table 1 lists the peak power for the three sets of sequences with prob(+1 transmitted) of 80%.  From the table, it is seen that 99.99% of the time, the peak powers of the three sequences are nearly identical.  However, there is a small chance that the original Hadamard sequences will produce unnecessary high peak power.  As a result, they should be replaced by either the Williamson-Hadamard or the randomized Hadamard sequences.

3. CONCLUSION

In this contribution, peak power requirements of three orthogonal sequences are shown.  Due to the small chance that the Hadamard sequences provided in TR25.808 will require unnecessary high peak power, it is proposed that either the Williamson-Hadamard or the randomized Hadamard sequences be adopted instead.
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Figure 1.  CDF of E-RGCH/E-HICH peak power with 40 users and prob(+1 transmitted) of 100%.
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Figure 2. CDF of E-RGCH/E-HICH peak power with 40 users and prob(+1 transmitted) of 90%.
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Figure 3.  CDF of E-RGCH/E-HICH peak power with 40 users and prob(+1 transmitted) of 80%.
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Figure 4. CDF of E-RGCH/E-HICH peak power with 40 users and prob(+1 transmitted) of 50%.
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Figure 5.  CDF of E-RGCH/E-HICH peak power with 20 users and prob(+1 transmitted) of 100%.
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Figure 6. CDF of E-RGCH/E-HICH peak power with 20 users and prob(+1 transmitted) of 90%.
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Figure 7.  CDF of E-RGCH/E-HICH peak power with 20 users and prob(+1 transmitted) of 80%.

[image: image8.emf]0 50 100 150 200 250 300 350 400

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Peak Power

Prob(Peak Power < Abscissa)

Empirical CDF of E-RGCH/E-HICH Peak Power : 20 Users, Prob(+1) = 50%

Hadamard

Randomized Hadamard

Williamson-Hadamard


Figure 8. CDF of E-RGCH/E-HICH peak power with 20 users and prob(+1 transmitted) of 50%.

Table 2.  Hadamard Sequences [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
	-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 3.  Williamson-Hadamard Sequences [2].

	Css,40,0
	-1
	1
	1
	1
	1
	-1
	1
	1
	1
	1
	1
	-1
	1
	1
	-1
	1
	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,40,1
	1
	-1
	1
	1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	1
	1
	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,40,2
	1
	1
	-1
	1
	1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	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,40,3
	1
	1
	1
	-1
	1
	1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	-1
	-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,40,4
	1
	1
	1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	1
	-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,40,5
	-1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	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,40,6
	1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	1
	1
	-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.  Randomized Hadamard Sequences.

	Css,40,0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-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,40,1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-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,40,2
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-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,40,3
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-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,40,4
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	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,40,5
	-1
	1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	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,40,6
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-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
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	-1
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The sequence bi,0, bi,1, …, bi,39 transmitted in slot i in Figure 12A is given by bi,j = a Css,40,l,j. In a serving E-DCH radio link set, the relative grant a is set to +1, 0, or -1 and in a non-serving E-DCH radio link set, the relative grant a is set to 0 or -1. The orthogonal signature sequences Css,40,l is given by Table 16A and the E-RGCH signature sequence index l is given by higher layers.

In case STTD-based open loop transmit diversity is applied for E-RGCH, STTD encoding according to subclause 5.3.1.1.1 is applied to the sequence bi,j. 
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Figure 12A: E-RGCH and E-HICH structure

Table 16A: E-RGCH and E-HICH signature sequences

	Css,40,0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	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,40,1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	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,40,2
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-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,40,3
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-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,40,4
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	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,40,5
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-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,40,6
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-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
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	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


The bits are transmitted in order from left to right, i.e., column 2 corresponds to index j=0 and the rightmost column corresponds to index j=39. 

5.3.2.5 E-DCH Hybrid ARQ Indicator Channel

The E-DCH Hybrid ARQ Indicator Channel (E-HICH) is a fixed rate (SF=128) dedicated downlink physical channel carrying the uplink E-DCH hybrid ARQ acknowledgement indicator. Figure 12A illustrates the structure of the E-HICH. A hybrid ARQ acknowledgement indicator is transmitted using 3 or 15 consecutive slots and in each slot a sequence of 40 binary values is transmitted.

The sequence bi,0, bi,1, …, bi,39 transmitted in slot i in Figure 12A is given by bi,j = a Css,40,l,j. In a radio link set containing the serving E-DCH radio link set, the hybrid ARQ acknowledgement indicator a is set to +1 or –1, and in a radio link set not containing the serving E-DCH radio link set the hybrid ARQ indicator a is set to +1 or 0. The orthogonal signature sequences Css,40,l  is given by Table 16A and the E-HICH signature sequence index l is given by higher layers.

In case STTD-based open loop transmit diversity is applied for E-HICH, STTD encoding according to subclause 5.3.1.1.1 is applied to the sequence bi,j 
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