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1. Summary

In RAN1#60, it was agreed that a single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE [1] for multiple component carrier downlink transmission. Since the uplink control information (UCI) payload varies depending on the number of DL CCs and the type of UCI reporting, requirement variety of reporting methods will be needed to efficiently convey A/N and UCI [2]. In this submission, we discuss the potential solutions and consideration for UCI reporting in LTE-Advanced with carrier aggregation (CA).

2. Introduction
In Release-8 FDD, for the PUCCH, the maximum payload on the PUCCH is 2-bits for A/N and 11-bits for CQI/PMI/RI .  In addition, in Release 8, UCI such as A/N and aperiodic CQI may also be reported on PUSCH with TDM multiplexing with data transmission. However, simultaneous PUCCH and PUSCH transmission is not allowed.

With CA in Release-10, more UCI bits need to be reported if similar granularity of information is reported as in Release 8. The number of ACK/NACK (A/N) bits may range from 1 or 2 bits in Release-8 to up to 12 bits with CA [3][4]. The UCI payload is also expected to increase in order to report information for multiple downlink carriers such as CQI, PMI and RI if simultaneous CQI reports are supported. With a maximum of 5 downlink component carriers, the detailed UCI feedback could be 5 times that of Release-8.

RAN1#60 agreed that a single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE. With limited resources, PUCCH cannot satisfy all UCI reporting requirements with CA. Thus, UCI reporting mechanisms on PUSCH and simultaneous PUCCH/PUSCH reporting have to be considered. 
3. UCI reporting considerations with CA
In this section, we discuss potential methods of UCI reporting, and analyze the use cases of these methods.

A. PUCCH  only for UCI
For backward compatibility, we propose to use PUCCH formats that can coexist in the same time/frequency resources with Release 8 PUCCH resources at least as well as Release 8 PUCCH signals, and be able to transmit reliably the increased payload sizes with the required performance [17]. New PUCCH formats with payload extension should be considered, e.g. reuse of channel selection to support up to 4 bits A/N, and reuse of format 2 for more bits with A/N multiplexing [5][6][7][8][9]. Since NxPUCCH has low spectrum efficiency and increased CM, we propose that multiple PUCCH resources should be supported for multiple antenna transmissions, for increased transmission reliability. 
On the other hand, simultaneous PUCCH signals might be supported if alternative methods with existing PUCCH resource cannot satisfy the reporting requirements. In this case, the simultaneous PUCCH signals (i.e., simultaneously used PUCCH resources) should be limited to 2 in order to minimize the cost, thus control message aggregation should be applied cross multiple DL CCs. Furthermore, the PUCCH design for single antenna transmission should be decided first, and transmit diversity (TxD) schemes should be considered for multiple antenna transmissions. 
Since PUCCH has limited resources, it may not fully satisfy the detailed UCI reporting requirements for all carrier aggregation scenarios. Thus for PUCCH design, performance enhancement and payload increase design should give priority to the more important A/N feedback over other UCI such as CQI whenever there is a collision between them. 
Therefore, we suggest that:

· Support - A/N feedback from all DL CCs on a single PUCCH transmission, the method and formats for A/N multiplexing FFS. 

· For simultaneous A/N and CQI reporting on PUCCH, A/N performance should be differentiated so that better protection is achieved on A/N bits as per [17]. 
· Extended payload feedback with new formats could be considered if the target performance can be reached without expanding PUCCH resources, and if coexistence with other PUCCH transmissions is not adversely affected and that CM is not unduly affected.
· TxD schemes should extend single antenna transmission schemes currently in Release 8, and  performance differentiation of A/N should be applied if A/N and UCI are sent together as per [17].

B. PUSCH only for UCI
If data transmission is allocated on PUSCH, simultaneous UCI and data transmission on PUSCH should be supported. 
One approach is to use time division multiplexing (TDM) of control and data as in Release-8 [11][12][13]. Since much larger payload size is expected in Release-10, more resources will be allocated for UCI on PUSCH. As a result, the data performance may be degraded significantly. 
Therefore, alternative approaches should be considered for mixed coding of data and control. The new approach should reuse Release-8 data and control coding methods with only small incremental complexity, and should provide significant performance gain over TDM [14].
C. Simultaneous PUCCH and PUSCH transmission (on the UE-specific CC)
In LTE-Advanced, PUCCH and PUSCH simultaneous transmission may be allowed. The PUCCH should be used for more important information, such as A/N bits. Therefore, we suggest:

· The transmission of UCI using both the PUSCH and PUCCH simultaneously should be considered.
· Methods that ameliorate the CM issue ([15]) should be considered. For example, joint coding or control piggybacking with data across PUCCH and PUSCH resources can be considered, especially if DFT-Spread OFDMA is used as the modulation scheme for aggregated PUCCH transmisison.

4. Conclusions

We suggest RAN1 consider potential solutions for UCI reporting on UL CC with CA, and specify the corresponding mechanisms, especially for new methods that can provide better performance and service differentiation than current Release-8 schemes. 
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