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1. Introduction

For the E-HICH and E-RGCH, it has been agreed to use bit-level orthogonal signature sequences to differentiate different users. In the current specifications [1], Hadamard sequences are used. Although they fulfill the orthogonality requirement, they may result in high peak power requirement in the Node B if the same content is transmitted to multiple users at the same time, e.g., if DOWN is transmitted to all (or many) of the users sharing the same OVSF code for their E-RGCHs. In this paper, an alternative set of Hadamard sequences, avoiding this problem, is proposed.

2. Discussion

The set of length 40 Hadamard signature sequences in [1] is reprinted in Table 2 for convenience. Note that all sequences have “+1” in the first column. If DOWN (or UP) is transmitted to all UEs, the absolute value of the sum over the columns is [40 0 0 0 … 0], i.e., the power in the first 128-chip interval is quite high compared to the remaining intervals. This may lead to peak power problems in the Node B. It could be discussed how common the situation of sending DOWN to all (or a large number of) UEs at the same time is. However, in case of a sudden overload situation in the uplink it may not be uncommon and it would be preferable to avoid any potential peak power problems if possible. A similar problem may also occur if a large number of ACKs (or NAKs) are transmitted simultaneously on the same OVSF code.

A simple way of avoiding this problem is to use a different set of orthogonal signature sequences, given in Table 3, which has the lowest uniform distributed column sums.  This set of sequences is constructed from the sequences proposed in [3], which, for completeness, is reproduced in the following.  The 20(20 Williamson-Hadamard matrix 
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can be generated as
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where 
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 are 5(5 matrices with rows consisting of all cyclic shifts of 
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, respectively, and 
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.  As discussed in [3], this set of sequences has intrinsically lower column sums. Each of the rows can be multiplied with a complex QPSK symbol, 
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. By optimally choosing the QPSK symbol for each row, it is possible to further reduce the column sums. Thus, it is proposed to generate the 40(40 matrix with signature sequences as
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is a diagonal matrix with elements given by the vector 
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. The values in the vector 
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 are listed in Table 1. Taking the E-HICH/E-RGCH physical channel structure into account, 
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can be expressed in a form suitable for inclusion into the specifications as given in Table 3.

It can be observed from Table 3 that this set of sequences achieves a low constant power of 40, when the messages in the E-HICH and/or E-RGCH have identical signs (assuming all 40 sequences are in use).  In contrast, the original spreading sequences result in a large peak power of 800 in the first symbol and zeros in the rest.  Thus, the proposed sequences thus reduces the peak power by 13 dB compared to those in [1] (for constant power in the modulated QPSK sequences, it is not possible to reduce the per-symbol power lower than 40).  

Note that there is no increase in complexity with the proposed 
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; it is simply a new set of sequences replacing those currently in [1] and requiring the same amount of memory for storage (it is possible to exploit the structure of the matrices to reduce the storage requirement even further). In addition, the structure of the sequences can be exploited in the receiver. With the original sequences, it is necessary to de-multiplex the signals from the I and Q channels, which are then correlated with one of the length-40 sequences.  For the new sequences, the received signals on the I and Q channels could be combined first, which are then correlated with one of the length-20 sequences. The combining method of the I-Q channel depends on the modulating QPSK symbol for that particular sequence.  For instance, from Table 1, the I-Q signals should be summed together for sequence 0.  

3. Conclusion

It is proposed to adopt Table 3 for the enhanced uplink. A CR is provided in [2].
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	0
	1+j
	10
	1+j
	20
	-1+j
	30
	1-j

	1
	-1-j
	11
	1+j
	21
	-1+j
	31
	-1+j

	2
	-1-j
	12
	1+j
	22
	1-j
	32
	1-j

	3
	1+j
	13
	-1-j
	23
	1-j
	33
	1-j

	4
	1+j
	14
	1+j
	24
	-1+j
	34
	1-j

	5
	1+j
	15
	1+j
	25
	1-j
	35
	1-j

	6
	-1-j
	16
	-1-j
	26
	-1+j
	36
	1-j

	7
	1+j
	17
	-1-j
	27
	1-j
	37
	1-j

	8
	-1-j
	18
	1+j
	28
	1-j
	38
	1-j

	9
	1+j
	19
	-1-j
	29
	-1+j
	39
	1-j


Table 1: The diagonal elements of Q. Each table entry should be divided by
[image: image18.wmf]2

.
	Css,40,0
	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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	1
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	-1
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	-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
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	Css,40,7
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	-1
	-1
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	Css,40,9
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	-1
	1
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	1
	1
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	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
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	-1

	Css,40,12
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	1

	Css,40,13
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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
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	-1
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	-1

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

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

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

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

	Css,40,27
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
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	-1
	-1
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	-1
	-1
	1
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	-1
	-1
	-1
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	1
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	Css,40,28
	1
	-1
	1
	-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
	1
	-1
	1
	1
	-1
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	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
	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
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	-1
	-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
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	1
	1
	1
	1
	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
	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 2: Signature sequences in [1].

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

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


Table 3: Proposed set of signature sequences.

_1169306883.unknown

_1169308775.unknown

_1169308847.unknown

_1169308853.unknown

_1169310921.unknown

_1169308843.unknown

_1169306898.unknown

_1169307528.unknown

_1169307634.unknown

_1169307072.unknown

_1169306889.unknown

_1169306893.unknown

_1169306886.unknown

_1169306878.unknown

_1169306881.unknown

_1169306869.unknown

_1169306874.unknown

_1161616602.unknown

