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1. Introduction

Carrier aggregation is one of the key features of LTE-Advanced to support wider bandwidth than supported by Rel-8 LTE [1]. There have been several contributions on uplink control channel design for LTE-Advanced [2~5]. In this contribution, we discuss our view on uplink control channel for LTE-Advanced in case of carrier aggregation including asymmetric carrier aggregation.
2. Uplink control channel for LTE-Advanced

Regarding uplink control channel transmission, we can consider the two cases firstly. One is that multiple control channel transmission on multiple component carriers. The other case is that multiple control channel transmission on single component carrier. The former can be applied in case of symmetric carrier aggregation. The latter can be considered for asymmetric carrier aggregation case. If a UE is semi-statically assigned a primary component carrier for uplink control channel transmission, the latter can be also considered in symmetric aggregation case.
2.1. ACK/NACK

In #55bis RAN1 meeting, the following was decided;

· There is one transport block (in absence of spatial multiplexing) and one HARQ entity per scheduled component carrier (from the UE perspective)

· A UE may receive multiple component carriers simultaneously
UE receiving on multiple component carriers should report multiple ACK/NACKs in response to independent HARQ processes per downlink component carrier in uplink. In general, we consider two approaches below.
Multiple ACK/NACKs on multiple component carriers
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Figure 1
Example of Nx ACK/NACK transmission
In this option, ACK/NACK corresponding to PDSCH transmitted on each downlink component carrier is transmitted in uplink component carrier which is (semi-statically) linked to each downlink component carrier as shown in figure 1. In case of symmetric aggregation and multiple PDSCH transmission over multiple downlink component carriers, this option can be considered for multiple ACK/NACK transmission. This is simple extension of LTE Rel-8 scheme. In this option, LTE Rel-8 scheme can be reused easily per component carrier. So this option makes specification for the LTE-A UEs simple.

Multiple ACK/NACKs on single component carrier

In this case, we consider the following three options for ACK/NACK transmission.
· Multiple resources transmission
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Figure 2 Example of multiple resources transmission
In this option, multiple ACK/NACKs are transmitted on single component carrier using multiple ACK/NACK PUCCH resources. In this option, LTE Rel-8 PUCCH structure can be reused. Regarding resource allocation for ACK/NACK transmission, small modification may be needed.
· Bundling or channel selection
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Figure 3 Example of bundling
Bundling and channel selection are already defined to support TDD in LTE Rel-8. So, we can reuse these approaches easily in LTE-Advanced with some modification from LTE Rel-8 schemes. In figure 3, example of bundling is shown. However, this option will cause downlink throughput degradation. In addition, channel selection requires larger PUCCH overhead than bundling.
· Joint coding
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Figure 4 Example of joint coding
In this option, multiple ACK/NACK bits can be jointly encoded, and then transmitted using PUCCH format 2 or some newly introduced ACK/NACK channel format. To introduce this option, multiplexing capacity should be carefully considered.
2.2. CQI

Regarding CQI transmission, there are also two cases for CQI reporting as already mentioned in section 2.1.
Multiple CQIs on multiple component carriers
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Figure 5 Example of Nx CQI transmission
In this option, CQI for each downlink component carrier is transmitted in uplink component carrier which is (semi-statically) linked to each downlink component carrier as shown in figure 5. This option makes specification for the LTE-A UEs simple and can reuse LTE Rel-8 scheme as already mentioned in section 2.1.

Multiple CQIs on single component carrier

In this mode, we consider the following three options for CQI transmission.

· Multiple resource transmission
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Figure 6 Example of multiple resources transmission
In this option, multiple CQIs for multiple downlink component carriers are transmitted on single component carrier using multiple CQI PUCCH resources. This option can be also considered same with ACK/NACK transmission case in section 2.1.
· TDM
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Figure 7 Example of TDM transmission
In this option, CQI reporting timing can be configured across multiple component carriers. So, CQI for single downlink component carrier is transmitted on single component carrier in every CQI reporting timing as illustrated in figure 7. This option can also reuse LTE Rel-8 CQI reporting scheme.
· Joint coding
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Figure 8 Example of joint coding
Multiple CQIs can be jointly encoded, and then transmitted. In this option, multiple CQIs for multiple downlink component carriers can be jointly encoded, and then transmitted using PUCCH format 2 (if possible) or some newly introduced CQI channel format. To introduce this option, multiplexing capacity should be carefully considered.
2.3. Scheduling Request
Regarding SR transmission, the following points should be considered.

· Whether a single SR should be configured per UE or SR per UL component carrier should be configured for each UE.

· Whether to support a single bit SR as in LTE Rel-8 or to increase the SR information for more efficient scheduling request/grant operation.

3. Summary
In this contribution, we introduced possible options of uplink control channel transmission on multiple component carriers for LTE-Advanced. We suggest studying the options for uplink control channel for LTE-Advanced.
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