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1. Introduction
At the RAN1 #47bis Sorrento Meeting, RAN1 agreed on the basic multiplexing method for the PUCCH [1][2], and currently discussing how to multiplex ACK/NACK and/or CQIs [3-7]. In this contribution, we propose a transmission scheme which reduces UE complexity.
2. ZC utilization in PUCCH
To achieve flexible PUSCH transmissions, it is desirable that the frequency hopping of PUCCHs are done in both edges of the whole transmission band. Then, the center frequency of the PUCCH in the first and second slot (of a sub-frame) has same absolute value but opposite sign, as shown in Fig 1. 
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Fig. 1: PUCCH allocation
When a ZC sequence is applied for PUCCH, that ZC sequence has to be up converted to 
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, which is the PUCCH frequency in the first and the second slot, respectively. Thus it costs two frequency conversions to generate PUCCH in a sub-frame. However, the up converted ZC in the second slot, 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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. Thus we need only one frequency conversion and conjugate to generate ZC in second slot. Although conjugation inverts ZC’s spectrum, it has no impact on performance.
The merit to use conjugate is owing to the PUCCH generation scheme and depends on the specification and implementation. Following shows the example to use conjugated ZC.
Fig. 2 shows the example to generate PUCCH for ACK/NACK, which is multiplied ZC sequence and then is multiplied orthogonal code (w0, w1, w2, w3). The multiplications are implemented after IFFT. In first slot, 
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, which is the ZC sequence in 
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, is multiplied with ACK/NACK and each element of orthogonal code. Then, they are arranged onto the slot to transmit.
In the second slot, an additional frequency conversion by IFFT is not required. Since the conjugate process convert center frequency of 
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, 
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, which is the conjugated sequence of 
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, can be used to transmit PUCCH in the second slot. As in the first slot, 
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 is multiplied with another ACK/NACK and each elements of orthogonal code.
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Fig. 2: ACK/NACK signal generation

Furthermore, when ACK/NACK is transmitted on both the first and the second slots, the process can be made simpler. If both of slots carry ACK or NACK BPSK modulated, then the whole signal transmitted on the first slot can be reused to generate the signal to be transmitted on the second slot, as shown in Fig. 3. If one is ACK and the other is NACK, then conjugated and sign inverted signal of PUCCH transmitted the first slot can be transmitted in the second slot. Otherwise if both slots carry either ACKs or NACKs then the same signal may be re-transmitted. 
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Fig. 3: Slot signal reuse under BPSK modulation

Next, the signal reuse under QPSK modulation is considered. In the same manner, QPSK modulated LB in PUCCH slot 1 can be reused in the second slot after conjugation and phase rotation, as illustrated in Fig 4. Since phase rotation is limited to 
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, the processes may be realized by swapping real/image parts and/or multiplying by -1.
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Fig. 4: LB signal reuse under QPSK modulation

3. Conclusions
This contribution propose reducing UE complexity by employing conjugated ZCs for PUCCH for the first and the second slots in a sub-frame. When the ZC in the second slot is defined as the conjugate of ZC in the first slot, it can be generated without IFFT.  Furthermore, the whole or part of PUCCH in the first slot can be reused in the second slot only by conjugating, swapping real/image parts and/or multiplying by -1. This definition is much useful for reducing UE complexity associated to generating PUCCH.
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