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1. Introduction
At the RAN1#49 (Kobe) meeting, PUCCH structure for both ACK/NACK and CQI reporting was agreed to be CAZAC based[1]. In addition, at the RAN1#49bis (Orlando) meeting, sequence and cyclic shift hopping of the CAZAC sequence were discussed[2]. In this contribution, we propose a method of CAZAC sequence assignment which reduces UE complexity.
2. Cost reduction for generating of PUCCH

Under the current working assumption, the IFFT process should be executed in every SC-FDMA symbol as shown in Fig.1, for PUCCH generation. However, for ACK/NACK transmissions, one modulated symbol is repeated 8 times and transmitted in 8 SC-FDMA symbols. Thus, reusing one SC-FDMA symbol corresponding ACK/NACK and thus reducing the number of IFFT process should be considered. On the other hand, the root sequence and cyclic shift hoping are considered to randomize interference and frequency hopping is defined to improve performance under frequency selective channel as shown in Fig.2. Though these processes basically require IFFT process to generate SC-FDMA symbol, some useful techniques with which the reuses of the SC-FDMA symbol without IFFT are shown in next section.
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Fig. 1. ACK/NACK transmission 

 Fig. 2. PUCCH allocation    

3. Sequence hopping in a subframe

3.1. For Interference randomization 
Among SC-FDMA symbols in a slot, the base sequence and/or cyclic shift hopping can be used for interference randomization[3][4] and these hopping require IFFT process to generate each SC-FDMA symbols. However, when the hopping patterns in each slot are constant in the subframe, and technique described in the next subsection to realize frequency hopping is applied, the SC-FDMA symbols in first slot can be reused in the second slot without IFFT. At this time, interference randomizations between 2 slots are realized by orthogonal cover hopping in the time domain. If the Hadamard sequences are applied for orthogonal covering, the processing in time domain is only multiplying 1 or -1 by SC-FDMA symbols and is very simple. 
3.2. For reducing IFFT
To achieve flexible PUSCH transmissions, it is desirable that frequency hopping of PUCCHs is done in both edges of the whole transmission band. That is, the center frequency of the PUCCH in the first and second slot (of a sub-frame) is 
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 respectively as shown in Fig 2. At this time, the signal with center frequency
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, can be generated by conjugating the up converted sequence corresponding to the first slot, which has center frequency
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. Since conjugating process is multiplying -1 to the image part of original sequence, generating PUCCH in 2nd slot can be done only through sign conversion, without any IFFT and without affecting performance.
In our proposed scheme, the CAZAC sequence in the 2nd slot is also conjugated sequence of the 1st slot. Thus, we prefer to define that the CAZAC sequence in the 2nd slot is the conjugate of the 1st slot. To realize this, defining mapping scheme is easier than defining CAZAC sequence. This mapping scheme is described as follows.
The conjugated sequence in the time domain has reversed frequency order and conjugated spectrum. This can be realized by changing IFFT mapping order between the 1st and 2nd slot.
We define the modulated sequence before IFFT in 
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. As shown in Fig. 4, in the 1st slot, 
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 is mapped to IFFT in increasing order. In the 2nd slot, conjugated 
[image: image10.wmf]*

()

n

zk

 is mapped in reverse order. Then, even though PUCCH in the 2nd slot can be generated by IFFT process, it can also be generated by conjugation in time domain without IFFT so as to save process costs.
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Fig. 4. Reverse Mapping to IFFT
4. Conclusions

This contribution proposes a method of reducing UE complexity for ACK/NACK transmission. First, the sequence and/or cyclic shift hopping patterns of a slot should be constant in a subframe, and orthogonal cover hopping can be used for interference randomization in a subframe. Secondly, conjugated CAZACs in time domain should be used for PUCCH in the first and the second slots in a sub-frame. When the CAZAC in the second slot is defined as the conjugate of the CAZAC sequenced used in the first slot in time domain, PUCCH in the second slot can be generated only with multiplying by -1 and without IFFT. In order to realize this, the mapping order at IFFT should be increasing and decreasing order in 1st and 2nd slot, respectively. This definition is much useful for reducing UE complexity associated to generating PUCCH.
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