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1. Introduction
This contribution presents mutual multiplexing schemes for uplink control signals such as CQI, ACK/NACK, and scheduling request (SR) signals multiplexed in the physical uplink control channel (PUCCH) considering the multiplexing with other physical channels such as the sounding reference signal (SRS) and the physical uplink shared channel (PUSCH) in the single-carrier based E-UTRA uplink.
2. Proposed Multiplexing Schemes for UL Control Signals
2.1. Multiplexing between control signals with PUSCH

· The SRS, CQI, and ACK/NACK signals are transmitted in the same resource block as the PUSCH, when the UE has the PUSCH, which is assigned by Node B scheduler. In the multiplexing, single-carrier transmission is maintained [1].

· The CQI in the PUSCH is transmitted only by the uplink grant.
· When the PUSCH is successively transmitted beyond the assigned resource blocks, the request for additional PUSCH transmission is necessary. The SR signal for the successive PUSCH transmission can be transmitted in the PUSCH, which was already assigned by the Node B. In this case, the SR signal contains the additional data size, the required QoS, etc.

2.2. Multiplexing between SRS with CQI or ACK/NACK signal [2]
· The ACK/NACK signal, which is associated with the downlink data channel, should be transmitted at any sub-frame in the PUCCH. Thus, ACK/NACK in the PUCCH and SRS can be multiplexed in the same resource block from the same UE. The simultaneous transmission scheme using the short orthogonal covering sequence of ACK/NACK is given in [3-5], to maintain single-carrier transmission.
· On the other hand, CQI signal does not need to be transmitted at any sub-frame. Thus, the multiplexing CQI in the PUCCH and SRS is unnecessary to avoid multicarrier transmission [3, 4]. The Node B scheduler basically avoids simultaneous transmission of the CQI signal in the PUCCH and SRS. 

2.3. Multiplexing between CQI and ACK/NACK signals in the same PUCCH

· Our view is that simultaneous multiplexing between the CQI and ACK/NACK signal in the same PUCCH from the same UE is unnecessary. 

· In this case, the UE transmits the ACK/NACK signal with higher priority than that for the CQI signal as shown in Fig. 1. Besides, the Node B scheduler can avoid the simultaneous transmission of the CQI and ACK/NACK signals within the same sub-frame. This feature is necessary in the coverage-limited condition when the UE is located at the cell edge, since the ACK/NACK signal should occupy the full PUCCH resource, i.e., full 1-msec sub-frame, for the coverage. 
· By avoiding the simultaneous transmission of CQI and ACK/NACK signals, the problem of DTX detection of ACK/NACK signal from the CQI signal waveform [6] can be avoided. Accordingly, we can achieve the efficient CQI transmission without additional overhead in PUCCH.
· When CQI is transmitted in the PUSCH by the uplink grant, the CQI and ACK/NACK signals from the same UE can be simultaneously transmitted.
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Figure 1 – Transmission method of CQI and ACK/NACK signals using PUCCH
2.4. Multiplexing of SR signal with SRS, CQI, or ACK/NACK signal
· As agreed in the Shanghai meeting, the SR signal is transmitted using the PUCCH with ACK/NACK based structure. The different PUCCH code/frequency resources for the SR signal are assumed from those assigned for the ACK/NACK signal.
· The SR signal is not multiplexed with the SRS in the same sub-frame from the same UE. The avoidance of simultaneous transmission should be achieved by Node B scheduler.

· The SR signal is not multiplexed with the CQI signal in the same sub-frame from the same UE. In this case, the UE transmits the SR signal with higher priority than that for the CQI signal. The avoidance of simultaneous transmission by Node B scheduler is also possible. When CQI is transmitted in the PUSCH by the uplink grant, the SR signal from the same UE can be simultaneously transmitted.

· Multiplexing method of the SR and ACK/NACK signals is FFS.
3. Conclusion
This contribution presented mutual multiplexing schemes for uplink control signals such as CQI, ACK/NACK, and SR signals multiplexed in the PUCCH considering the multiplexing with other physical channels such as the SRS and PUSCH in the E-UTRA uplink. The major conclusions are given below.

· Simultaneous transmissions of the CQI and ACK/NACK signals belonging to the same sub-frame in the PUCCH from the same UE is unnecessary.
· Simultaneous transmission between CQI and SRS in the same sub-frame should be avoided; nevertheless, the ACK/NACK signal should be transmitted simultaneously with the SRS in the same sub-frame from the same UE.
· Simultaneous transmission of the SR signal with the SRS and CQI signal is unnecessary in the same sub-frame from the same UE. 
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