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1. Introduction

Carrier Aggregation (CA) specified in Rel-10 supports the aggregation of up to 5 cells. Depending on the configuration each of these cells may report periodic CSI. Periodic CSI and A/N – if transmitted on PUCCH – is transmitted on the primary cell PCell only. Collision handling between periodic CSI reports and multi-cell A/N (i.e. A/N from at least one SCell) on PUCCH depends on the configured behavior of simultaneous PUSCH and PUCCH transmission: If simultaneous transmission of PUSCH and PUCCH is configured periodic CSI feedback can be transmitted on PUSCH whereas multi-cell A/N is transmitted on PUCCH. If simultaneous transmissions are not configured only the multi-cell A/N is transmitted and the CSI reports are dropped. PUCCH collisions of PCell only A/N and periodic CSI are handled as in Rel-8.

During standardization of Rel-10 several papers addressed the need to support simultaneous transmissions of periodic CSI and multi-cell A/N on PUCCH [1]

 REF _Ref304972302 \r \h 
[2]

 REF _Ref305050577 \r \h 
[3]. However, in LTE Rel-10 this is not supported. 

In a number of contributions [5][6][7], the re-use of Format 3 for A/N and CSI multiplexing has been proposed and taking into account the trade-off analysis for CA, this solution has merits in terms of relatively small specification impact since the format already exists in Rel-10 specifications.

Hence, we suggest performing a trade-off analysis and investigate the performance benefits compared to Rel-10 operation of supporting simultaneous transmissions of single-cell periodic CSI reports and multi-cell A/N on PUCCH using format 3 as a baseline. The results should then be part of the decision basis for deciding upon the introduction of this new PUCCH format. In this contribution we give our view on some further details for performing such evaluation. 

2. An extended PUCCH format 3 for evaluation 

In order to capitalize on already existing building blocks and possibly minimize specification impact it is preferable to evaluate a new PUCCH format supporting simultaneous transmission of multi-cell A/N feedback and single-cell periodic CSI that is reusing these building blocks. 

In the new format, it can be assumed that the bits of each feedback type are encoded using its own RM coder. In total 48 bits coded bits can be transmitted with PUCCH format 3, which are distributed among the coded A/N and CSI bits. To rate match the individuals code blocks into a total size of 48 bits each individual code is punctured or cyclically rate matched to obtain in total 48 coded bits. The number of coded A/N bits and the number of coded CSI bits is determined by the number of A/N bits which is determined by CA configuration and transmission mode. For FDD, no bundling but full A/N feedback can be assumed. If the remaining bits allocated to CSI feedback are too few to enable transmission of the full CSI report only the most important parts of the CSI report are transmitted. 

An interleaver ensures that coded bits of each individual code block are transmitted in both slots to obtain diversity. Extensions to transmit diversity are straight forward and the proposed scheme supports the already defined SORTD scheme. Furthermore, in the discussion of an improved transmit diversity scheme for PUCCH format 3 a potential new use case of PUCCH format 3 to support also CSI+A/N should be kept in mind.
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	Figure 1: PUCCH format supporting multi-cell A/N feedback together with single-cell periodic CSI report based on PUCCH format 3.


If the terminal already has a PUCCH format 3 resource assigned and reports multi-cell A/N together with periodic CSI it uses the assigned PUCCH format 3 resource (i.e. resource determined by configuration together with ARI contained in PDCCH) but transmits instead of PUCCH format 3 this new format.

Even for terminals not yet configured with a PUCCH format 3 resource (i.e. terminals using PUCCH format 1b with channel selection) we propose to evaluate this mode for simultaneous transmission of multi-cell A/N feedback and single-cell periodic CSI report. This implies that terminals using PUCCH format 1b with channel selection to report stand-alone multi-cell A/N need to be configured with PUCCH format 3 resources for reporting multi-cell A/N feedback together with periodic CSI. 
Proposal 1: For FDD, assume and evaluate a PUCCH format based on format 3 for transmission of multi-cell A/N feedback together with a single-cell periodic CSI report.

2.1. Extensions for TDD

The RM codes used in PUCCH format 3 only support up to 11 information bits. Since in the proposal outlined in the previous section A/N bits are fed into a single encoder it can be applied to TDD for up to 10 A/N bits. For more than 10 bit A/N feedback it is proposed to fall back to the dual RM code design of Rel-10 and drop CSI. 

Proposal 2: For TDD, assume proposal 1 up to 10 A/N bits. For more than 10 A/N bits, assume reuse of the dual RM code design of Rel-10 and drop periodic CSI.
3. Conclusion

In this contribution we suggest to evaluate the performance benefits of having the possibility to feed back simultaneous CSI for one cell and A/N by using PUCCH format 3 compared to existing Rel.10 operation. Together with a trade-off analysis as agreed for the CA WI, a decision should then be made whether to further proceed and specify the details of such a scheme. 

To be more specific, we suggest that this schemes could be further evaluated:

Proposal 1: For FDD, assume and evaluate a PUCCH format based on format 3 for transmission of multi-cell A/N feedback together with a single-cell periodic CSI report.

Proposal 2: For TDD, assume proposal 1 up to 10 A/N bits. For more than 10 A/N bits, assume reuse of the dual RM code design of Rel-10 and drop periodic CSI.
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