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1. Introduction

Further optimization and enhancement of CA in Rel-11 was suggested in [1] as follows. 
· Possible improvements in the related signaling for the use of LTE carrier aggregation, including 

i. UL and DL physical layer signaling,
ii. RRC and MAC signaling to support carrier aggregation,
iii. enhanced transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection

· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands
In this contribution, we present our initial views on UL signaling enhancement for Rel-11 CA. We clarify the target features that are considered to be problematic and present several corresponding candidate solutions.
2. Motivation for Enhancement
As described in [2]-[7], we may see some problems regarding UL CSI reporting in some scenarios that are targeted in Rel-11. In Rel-10 CA, the following two CSI reporting mechanisms are supported.
· Aperiodic CSI reporting
· Multiple CSI reports are supported with one-shot triggering in the UL grant. This CSI reporting mechanism is specified and applicable to support five CCs. 
· Periodic CSI reporting

· A single CSI report for a DL cell is transmitted in each subframe. Thus, opportunity for periodic CSI reporting is increased in the operation of CA compared to Rel-8 CSI reporting.
Aperiodic CSI reporting has flexibility in that the set of DL cells to be reported is arbitrarily configured based on higher layer signaling. On the other hand, in the case of a periodic CSI report, concerns about CSI dropping are described in [2]-[7]. More specifically, there is increased opportunity for periodic CSI reporting due to the operation of CA to cause more frequent collisions between the ACK/NACK and the CSI compared to that in Rel-8 and the number of times that CSIs are dropped is consequently increased. Below, we further clarify a possible impact from dropping the periodic CSI.
· DL throughput

· The main purpose of the periodic CSI report would be for link adaption in order to select a proper modulation and coding scheme (MCS) for the PUSCH transmission. Therefore, dropping of the periodic CSI may degrade the DL throughput performance due to less frequent updating of the CSI. 
· Power control for PDCCH

· Periodic CSI reports sent on the PUCCH may be utilized for many purposes since it is periodic reporting from the UE. The usage of periodic CSI reports includes transmission power control for the PDCCH. If the periodic CSI report is often dropped, the transmission power control for the PDCCH cannot be properly adjusted.
These impacts caused by frequent dropping of the CSI become more serious for a CA configuration using more than 2 CCs or Rel-11 CoMP. In the context of Rel-11 CoMP, an increased amount of CSI feedback is anticipated. Therefore, it is preferable to retain the same drop rate for the CSI as that for Rel-8 CSI reporting as much as possible.
3. Candidate Techniques for CSI Reporting
Based on the discussion in Section 2, candidate solutions for addressing the dropping of the CSI are given below. 
· Implementation solution

· Dropping of the CSI can be avoided by adjusting the transmission timing of the DL assignment on the scheduler. However, this solution imposes a restriction on the scheduler or is even impossible in Rel-11 scenarios such as CoMP. 
· Standardized solution [2]-[7]
· Periodic multiple CSI reports for multiple DL cells
· Support of multiple CSI reports in each subframe reduces the number of collisions of the ACK/NACK and CSI. The methods identified so far are given below.

· PUCCH format 3 (up to 21 bits) 
· PUCCH format 3 for ACK/NACK transmission defined in Rel-10 can be reused for multiple CSI reports. The number of CSI reports will be limited, e.g., CSI reports up to two DL cells.
· Periodic PUSCH
· The PUSCH approach may convey more CSI reports than that in the PUCCH approach although the UL overhead must be considered.
· Simultaneous transmission of ACK/NACK and CSI reports on PUCCH
· PUCCH formats 3 could be used, but the performance gap between ACK/NACK and CSI reports should be ensured.

DL throughput loss can be avoided using these techniques; however the increase in the UL overhead by introducing these techniques should be taken into account at the same time. The necessity for UL signaling enhancement should be carefully investigated considering the tradeoff between the improvement in the DL throughput and the increase in the UL overhead and the impact to the specifications. Otherwise, the UL overhead reduction scheme can be considered. For example, the UL overhead can be reduced by triggering periodic PUSCH only with the DL assignment. 
4. Conclusion

In this contribution, we presented our initial views on the enhancement of UL signaling. We described the motivations for enhancement focusing on the issue of CSI dropping and clarified the possible impacts on the DL throughput and the PDCCH transmission power control. According to these observations, the candidate solutions are summarized; however the necessity for the enhancement should be first investigated in terms of the DL throughput and UL overhead. In our initial view, PUCCH format 3 could be considered in the evaluations as the starting point to demonstrate the extent to which enhancement is required.
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