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1 Introduction
In RAN1#46bis, it was agreed that data non-associated uplink control signaling is multiplexed with data prior to DFT precoder. However, the detailed format for control signaling has not been discussed. In this document, we discuss on how to design the control signaling transmission format considering the relationship with data transmission. 

2 Control signaling transmission format in presence of data
Usually, the format of control signaling is determined by the reliability of control signaling and channel situation of specific UE. And, once it is configured with higher layer signaling, the format of control signaling is fixed and independent on data transmission. 
However, it needs to be further considered in case that control signaling is multiplexed with the data. If a same format is used for the control signaling transmission, the power level for the control signaling will be fixed to meet the required received SNR. As a result, control signaling and data are configured with different power level as shown in Figure 1. But, the different power level setting may result in the inefficient power utilization since UE cannot use the transmission power fully in either of cases. For example, in case of Figure (a), if UE is located in bad channel situation, UE enters the power limited situation due to the control signaling even though the transmission power is sufficient in data part. The other concern is that different power level increase the interference variation to neighbour cells and hence it will degrade the receiver performance. 
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 Figure 1. Different power setting for the control signaling and data
From above observation, in order to utilize the power efficiently, it is preferred to have same power level for the control signaling and data transmission in case that they are multiplexed prior to DFT precoder as shown in Figure2. It means that control signaling power is changed based on the actual data transmission because the data transmission power is changed by eNodeB scheduling. And the format of control signaling is also changed to meet the required SNR of control part. When lower data rate is scheduled, the resource of control signaling is increased, and when higher data rate is scheduled, the resource of control signaling is decreased. The additional benefit of changing the format of control signaling is to minimize the puncturing loss which deteriorates the performance of data transmission as mentioned in [1]. 
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Figure 2. Same power setting for the control signaling and data
3 Conclusion

In this document, we discuss the control signaling transmission format in presence of data. Based on section 2, it is proposed that control signaling and data has same power level and UE changes the format for control signalling depending on actual data rate to be transmitted.
[1] R1-070777, “E-UTRA Multiplexing of UL Control Signaling with Data”, Motorola, RAN1#48, St. Louis, USA, February 2007.
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