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1. Introduction
This contribution investigates the structure of the physical uplink control channel (PUCCH) considering the sounding reference signal (SRS) in the E-UTRA uplink. We present two methods for multiplexing channel quality indicator (CQI) reports and ACK/NACK signals with the SRS while avoiding multi-carrier transmission. This issue was addressed also in [1-3].

2. Problem facing PUCCH and SRS Transmission
The PUCCH is transmitted from resource blocks (RBs) assigned from the edge of the total transmission bandwidth, and the SRS is transmitted in single-carrier (SC)-FDMA symbols in the same time slot. When the PUCCH and SRS are transmitted within the same sub-frame as shown in Fig.1, this becomes a multi-carrier transmission which is not preferable due to the increasing PAPR in uplink SC-FDMA radio access. This problem was addressed in [1-3]. Therefore, in the following sections we consider possible solutions for CQI reports or ACK/NACK signal transmission considering SRS transmission.
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Figure 1 – Problem facing PUCCH and SRS transmission within the same sub-frame.
3. PUCCH Structure Considering SRS
3.1. Method 1: Restriction without Simultaneous Transmission of CQI or ACK/NACK Signal and SRS
This method is identical to one option proposed in [1]. CQI transmission is not so strict in terms of the transmission delay as in the ACK/NACK signal, which is transmitted based on a strict timing relation with the downlink data channel. The transmission timing of the ACK/NACK signal in the uplink is pre-decided based on the transmission timing of the corresponding downlink data channel. Therefore, the first method to avoid simultaneous transmissions of the CQI or ACK/NACK signal and SRS using multi-carrier transmission is to control the transmission timing of the SRS or CQI signal using the Node B scheduler as shown in Fig. 2. When the ACK/NACK or CQI signal is transmitted, the Node B scheduler controls the transmission timing of the SRS from the same UE so that the SRS is not transmitted from the same sub-frame as the ACK/NACK or CQI signal is  multiplexed into. In particular, when the CQI signal is transmitted from the PUSCH, the CQI and SRS can be transmitted from the same sub-frame while retaining SC signal transmission. 
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Figure 2 – Method 1 for avoiding simultaneous transmissions of ACK/NACK or CQI signal and SRS using Node B scheduler

3.2. Method 2: Slight Modification of CQI or ACK/NACK Signals Allowing Simultaneous Transmission with SRS from the Same Sub-frame
This method is modified version of proposals in [1-3]. There are some cases where both the CQI report and SRS must be transmitted frequently to achieve fast frequency-selective scheduling and link adaptation for both the uplink and downlink. For these cases, transmission of both the CQI report and SRS in the same sub-frame is necessary. Figure 3 illustrates the second method to avoid multi-carrier transmission in such cases. One symbol that overlaps with the SRS transmission timing is removed from the CQI symbols for the UE that transmits the CQI signal and SRS from the same sub-frame. Meanwhile, the UE that transmits only the CQI signal does not need to remove the one symbol from the CQI signal. Note that the two types of CQI signals with different symbol lengths can be orthogonal, because orthogonality of the CQI signals is achieved by cyclic shift of the CAZAC sequence. Although we assume that the CQI signals have different symbol lengths, there is no need to define a new format for the CQI signal. This is because one-symbol removal is achieved by puncturing one symbol from the current CQI signal format.
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Figure 3 – PUCCH structure for CQI reporting in Method 2
The ACK/NACK signal is associated with the downlink data and can be transmitted at any time regardless of whether or not the SRS is transmitted in the same sub-frame. Figure 4 illustrates the ACK/NACK signal transmission assuming the SRS transmission from the same sub-frame. As shown in the figure, the one symbol that overlaps with SRS transmission timing is removed from the ACK/NACK signal to avoid multi-carrier transmission. In addition, since the orthogonality of the ACK/NACK signals among UEs is achieved using orthogonal covering, the number of symbols for the ACK/NACK signal should be the same regardless of whether or not it is transmitted with the SRS in the same sub-frame. Therefore, the first symbol of the ACK/NACK signal is removed for all UEs as long as one of the UEs transmits the SRS from the same sub-frame simultaneously. Since the number of symbols for the ACK/NACK signal is changed, its format, i.e., the spreading factor of orthogonal covering sequence, must be modified in order to maintain orthogonality with other ACK/NACK signals.
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Figure 4 – PUCCH structure for ACK/NACK transmission in Method 2
4. Conclusion
This contribution discussed two transmission methods for the uplink ACK/NACK signal or CQI signal considering SRS transmission to avoid multi-carrier transmission. Our preferences are given below. 

· The first method controls the transmission timing of the SRS or CQI signal using the Node B scheduler so that simultaneous transmissions of the CQI or ACK/NACK signal and the SRS are avoided. In particular, when the CQI signal is transmitted from the PUSCH, the CQI and SRS can be transmitted from the same sub-frame while retaining SC signal transmission.
· The second method modifies the current CQI and ACK/NACK signal format to allow simultaneous multiplexing of the ACK/NACK or CQI signal and SRS in the same sub-frame.
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