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1 Introduction

In RAN#51, an SI proposal on enhanced uplink transmission [1] was approved. In the approved proposal, the following bullets were captured for UCI transmission enhancements in Rel-11:
·     Study and evaluate enhancements for transmission of UCI, 
· UCI enhancement on PUSCH, e.g. UCI-only transmission with rank 2 and 16QAM
· the need for UCI enhancement on PUCCH is to be justified
For efficiently supporting carrier aggregation and UL MIMO, some essential features were introduced for UCI transmission in Rel-10. However, due to the very tight time schedule of Rel-10, some important issues and their impacts had not been carefully studied. This contribution identifies potential areas for UCI transmission enhancements and an initial analysis of the associated tradeoffs. 
2 UCI Transmission in Rel-11
Periodic CQI reporting for multiple cells
In Rel-10, when multiple periodic CQI reports collide in the same subframe, a UE selects and transmits only one periodic CQI report and drops all the other CQI reports. Although for up to two carrier aggregation in FDD this approach may be adequate, for other scenarios such as more than two carrier aggregation, TDD, and DL CoMP this approach could result in too frequent dropping of CQI reports unless a strict scheduling restriction is imposed. Hence, allowing multiple periodic CQI reporting seems to be beneficial for various scenarios considered in Rel-11. The increased payload on the periodic reporting can be carried on either PUSCH or PUCCH format 3 [2]. 
Multiplexing periodic CQI and HARQ-ACK in CA
In Rel-10 CA, when periodic CQI and HARQ-ACK collide in a subframe, periodic CQI is dropped. This results in unused resources and information loss at the eNodeB. Although it is possible to schedule PUSCH to avoid dropping without introducing new specifications, it is an inefficient and expensive solution. As an more attractive alternative, supporting periodic CQI and HARQ-ACK can be considered in Rel-11 [3]. 
Improved UCI-only transmissions

In Rel-10, UCI transmission without TBs on PUSCH is allowed only on one layer with QPSK modulation. This unnecessary restriction penalizes UCI transmission without TBs over UCI multiplexed with TBs, and it prevents the network from achieving higher spectral efficiency and reduced UL feedback overhead as well as reduced scheduling restriction and better resource utilization [4]. Furthermore, as it is likely that the number of CQI bits to be reported on PUSCH will increase in Rel-11 to support CoMP feedback, UL feedback overhead reduction and spectrally-efficient UL resource utilization becomes even more important. The restriction of rank-1 and QPSK can be easily removed without increasing UE complexity at all, as UCI on up to 2-layers with 16QAM modulation is already supported on PUSCH with TBs. 
Reliable transmission of high-payload HARQ-ACK/RI transmissions on PUSCH

In Rel-10, when HARQ-ACK is transmitted on PUSCH, the number of REs to carry HARQ-ACK coded bits is bounded above by 4 times the number of assigned subcarriers, which is not always sufficient for achieving the HARQ-ACK reliability target especially when the PUSCH allocation size is small. For resolution of this issue, two possibly complementary approaches can be considered. One method is to reduce the payload size by applying HARQ-ACK bundling, and the other method is to expand the HARQ-ACK region on PUSCH [5]. 

3 Conclusion

In this contribution, the following potential areas for UCI transmission improvement are discussed:

· Periodic CQI reporting on multiple cells.

· Multiplexing periodic CQI and HARQ-ACK in CA

· Improved UCI-only transmissions

· Reliable transmission of high-payload HARQ-ACK/RI transmissions on PUSCH
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