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1 Introduction

When simultaneous PUSCH and PUCCH transmissions (“PUSCH + PUCCH”) are enabled by the eNB, the current discussions in RAN1 consider the case of simultaneous HARQ-ACK, periodic CSI, and data transmissions as the only remaining aspect for the specifications of the UE behavior. However, the current specifications [1] are also incomplete regarding the UE behavior when aperiodic CSI transmission is scheduled in a sub-frame where the UE also has HARQ-ACK or periodic CSI transmission.

This contribution provides an overview of possible alternatives for the UE behavior when aperiodic CSI transmission is scheduled simultaneously with the transmission of HARQ-ACK or periodic CSI for a UE enabled “PUSCH + PUCCH”.
2 Simultaneous HARQ-ACK and Aperiodic CSI
Two alternatives exist regarding the support of simultaneous HARQ-ACK and aperiodic CSI when “PUSCH + PUCCH” is enabled for a UE:

a) No difference between aperiodic CSI and data.

a. HARQ-ACK is transmitted in the PUCCH and aperiodic CSI is transmitted in the PUSCH.
b) Aperiodic CSI transmission (dynamically) disables the RRC-configuration of “PUSCH + PUCCH”.
a. Both HARQ-ACK and aperiodic CSI are transmitted in the PUSCH as in Rel.8.
Although the decision to support “PUSCH + PUCCH” did not differentiate for the case that aperiodic CSI is transmitted in the PUSCH, further clarifications seem necessary. Regardless of the conclusion, one of the above two alternatives needs to be defined as the UE behavior is currently unspecified. 

3 Simultaneous Periodic CSI and Aperiodic CSI
For a UE configured with DL CA, aperiodic CSI may be scheduled for the SIB2-linked cell of the PUSCH transmission or for a (higher layer configured) subset of the set of configured (or activated) cells for a UE. Therefore, it is possible that a UE configured “PUSCH + PUCCH” is scheduled aperiodic CSI transmission for one or more cells while having to transmit periodic CSI for one or more other cells in the same sub-frame.

Similar to the case of simultaneous HARQ-ACK and aperiodic CSI transmissions, two main alternatives exist when “PUSCH + PUCCH” is enabled for the UE:

a) No difference between aperiodic CSI and data.

a. Periodic CSI is transmitted in the PUCCH and aperiodic CSI is transmitted in the PUSCH.
b) Aperiodic CSI transmission (dynamically) disables the RRC-configuration of “PUSCH + PUCCH”.

a. Both periodic CSI and aperiodic CSI are transmitted in the PUSCH as in Rel.8.
It is also possible to drop the periodic CSI transmissions for one or more cells when they occur in the same sub-frame as the aperiodic CSI transmission for one or more other cells. However, this is not deemed to be a useful option as dropping of periodic CSI transmissions should be avoided whenever possible.

4 Conclusions

This contribution considered the UE behavior when simultaneous PUSCH and PUCCH transmissions are enabled and the UE is scheduled to transmit aperiodic CSI while having HARQ-ACK or periodic CSI (in case of DL CA) transmission in the same sub-frame. Two alternatives were identified for completing the specifications: 
a) No difference between aperiodic CSI and data (HARQ-ACK or periodic CSI is transmitted in the PUCCH).
b) Aperiodic CSI transmission (dynamically) disables the RRC-configuration of “PUSCH + PUCCH” (all UCI is transmitted in the PUSCH as in Rel.8).
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