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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]. So, uplink control channel design to support carrier aggregation should be studied. There have been several contributions on uplink control channel design for LTE-Advanced [2~6]. 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

For design of uplink control channel, we should consider various aspects (whether DL/UL component carriers are symmetrically aggregated or not, whether primary carrier for control channel transmission is defined or not, etc). Regarding control channel transmission, we can consider the two cases first. One is the multiple control channel transmission on multiple component carriers. The other case is the multiple control channel transmission on a single component carrier.
2.1. ACK/NACK

An LTE-Advanced UE with reception capability for carrier aggregation can simultaneously receive data traffic on multiple component carriers. So, the LTE-Advanced UE assigned multiple transport blocks on multiple component carriers should report multiple UL ACK/NACKs in response to the 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
Figure 1 shows an example that multiple ACK/NACKs transmission on multiple component carriers. The 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. 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 makes the specification for the LTE-Advanced system simple.

Multiple ACK/NACKs on a single component carrier
In this case, we consider following three options for ACK/NACK transmission.
· Multiple resource transmission

 [image: image2.emf]P

D

S

C

H

P

D

S

C

H

P

D

S

C

H

P

U

C

C

H

P

U

C

C

H

P

U

C

C

H

P

U

C

C

H

P

U

C

C

H

A/N

A/N

A/N

P

U

C

C

H

CC #0 CC #1 CC #2


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 with some small modification on the ACK/NACK resource allocation.

· 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 are jointly encoded, and then transmitted using PUCCH format 2 or some newly introduced ACK/NACK channel format. To introduce this option, multiplexing capacity of PUCCH format should be carefully considered.

Proposal for ACK/NACK transmission
In case of DL/UL symmetric carrier aggregation, it is a natural way that a UE scheduled on multiple component carriers transmits multiple ACK/NACKs transmission on multiple component carriers. In addition, simultaneous PUSCH and PUCCH transmission was agreed in 55bis RAN1 meeting. Thus, multiple PUCCH transmission can also be supported. So, our baseline proposal on ACK/NACK transmission is as follows.

Multiple ACK/NACKs are transmitted on multiple component carriers in case of DL/UL symmetric carrier aggregation 
However if DL/UL asymmetric component carriers are configured or UE’s transmit power is limited or a primary component carrier is assigned for uplink control channel transmission [7], multiple ACK/NACKs can be transmitted on a single or limited number of component carriers. In these cases, further study may be needed.

2.2. CQI

Regarding CQI transmission, there are also two cases for CQI reporting similar to what 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 system simple and may reuse LTE Rel-8 scheme as much as possible as already mentioned in section 2.1.

Multiple CQIs on single a component carrier

In this case, 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 a single component carrier using multiple CQI PUCCH resources. This option can also be considered same as 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 is configured across multiple component carriers. So, CQI for a single downlink component carrier is transmitted on a 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
In this option, multiple CQIs for multiple downlink component carriers are jointly encoded, and then transmitted using PUCCH format 2 (if possible) or some newly introduced CQI channel format as illustrated in figure 8. To introduce this option, multiplexing capacity of PUCCH format should be carefully considered.
Proposal for CQI transmission
Some details on CQI transmission has to be studied further considering CQI reporting mode definition in carrier aggregation situation.
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. Our views on uplink control channel for LTE-Advanced are summarized as follows;

· Regarding ACK/NACK transmission, our baseline proposal is that multiple ACK/NACKs are transmitted on multiple component carriers in case of DL/UL symmetric carrier aggregation. In case of DL/UL asymmetric aggregation or UE power-limited situation or primary component carrier for uplink control transmission, further study may be needed.

· Some details on CQI transmission has to be studied further considering CQI reporting mode definition in carrier aggregation situation. 
· In case of SR transmission, further study for details may be needed.
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