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1. Introduction

When carrier aggregation is applied, multiple feedback information related to multiple downlink component carriers (CCs) is transmitted using the physical uplink control channel (PUCCH) in LTE-Advanced. Issues related to the PUCCH for carrier aggregation were studied in many contributions [1-11]. This contribution describes our views on these issues.

2. Views on Issues Related to PUCCH for Carrier Aggregation
2.1
ACK/NACK

As described in Section 1, when carrier aggregation is applied, multiple ACK/NACK bits related to multiple downlink CCs must be transmitted using the PUCCH in the same subframe. In this case, there are several issues that need to be investigated. One main issue is the PUCCH structure for multiple ACK/NACK transmissions. Considering backward compatibility with the Rel. 8 LTE and easy reuse of the Rel. 8 LTE specification, we support the following two modes.
· Mode A: Parallel ACK/NACK transmission using multiple PUCCH resources
· Mode B: ACK/NACK bundling
These two modes may be semi-statically configured using UE-specific higher layer signaling. The details on these modes are given below.
· Mode A
Mode A is optimized for HARQ performance and local area deployment where the uplink power limitation is not so severe. Since it was already agreed that uplink multi-carrier transmission such as N-times DFTS-OFDM or discontinuous resource block (RB) mapping would be introduced to LTE-Advanced, it is also natural to consider the N-times multi-carrier transmission of ACK/NACK signaling. Furthermore, we could consider the use of ACK/NACK multiplexing adopted for Rel. 8 LTE TDD. Our view whether it should be introduced or not is FFS. However, for TDD, it was already introduced to support multiple ACK/NACK transmissions in the time domain. Therefore, it will be difficult to support additionally such a transmission scheme for the frequency domain because the commonality to TDD should be considered even for FDD.

An important issue for Mode A is the implicit ACK/NACK resource mapping method. In the Rel. 8 LTE, dynamic ACK/NACK resource is linked to the first control channel element (CCE). In the LTE-Advanced, we support that each ACK/NACK resource is implicitly indicated reusing the same rule as the Rel. 8 LTE in order to maintain backward compatibility. More specifically, the ACK/NACK signaling is transmitted using the PUCCH in the uplink CC paired to the downlink CC that is used to transmit the PDCCH (downlink grant). Figures 1(a) and 1(b) illustrate examples of the ACK/NACK transmission when symmetric carrier aggregation is employed. Single-CC transmission can be achieved associated with single-CC downlink grant reception using a carrier indicator (CI) [3],[8]. Figures 2(a) and 2(b) illustrate examples of ACK/NACK transmission when asymmetric carrier aggregation is employed. In all the examples, ACK/NACK transmissions are conducted using a unified manner although some limitation of the ACK/NACK transmission scheme may be needed from the viewpoint of the maximum available number of CCs according to the UE capability.
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Figure 1 – Examples of ACK/NACK transmission for Mode A in symmetric carrier aggregation
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Figure 2 – Examples of ACK/NACK transmission for Mode A in asymmetric carrier aggregation

· Mode B
Mode B, which is based on the ACK/NACK structure for the Rel. 8 LTE TDD, is optimized for coverage due to single-carrier based single ACK/NACK transmission. Since single ACK/NACK transmission is adopted, the uplink CC used for ACK/NACK transmission could be given semi-statically. Major issues regarding this mode are an implicit/explicit resource assignment scheme and PDCCH DTX handling. Details are FFS.
2.2
CQI/PMI/RI
For CQI/PMI/RI transmission, TDM-based transmission, i.e., cyclic feedback, should be baseline as shown in Fig. 3(a). This is because we can easily reuse the transmission structure in the Rel. 8 LTE specification, i.e., single format (except for the extension to support higher-order MIMO or CoMP) and piggyback the control signalling onto the PUSCH. Moreover, TDM-based transmission provides sufficient coverage due to single-carrier transmission and has good affinity to both ACK/NACK transmission modes described in the previous section. Alternatively, support of multi-resource transmission as shown in Fig. 3(b) could be investigated considering additional coding gain, transmit diversity gain, etc. However, drawbacks to multi-resource transmission are the need to support a large payload size to piggyback the control singaling onto PUSCH and coverage.
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(a) TDM-based transmission
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(b) Multi-resource transmission

Figure 3 – CQI/PMI/RI transmission
2.3
Scheduling Request

For scheduling request transmission, we support the same structure as that in the Rel. 8 LTE using dedicated PUCCH resource when there is no ACK/NACK transmission. However, if there is an ACK/NACK transmission in the same subframe, we should consider the solution for each ACK/NACK transmission mode. Our current views are as follows.

· For ACK/NACK mode A: Multi-carrier transmission with ACK/NACK
· For ACK/NACK mode B: Reuse Rel. 8 LTE method
3. Conclusion

In this contribution, we presented our views on issues related to the PUCCH for carrier aggregation in LTE-Advanced. 
· ACK/NACK: Support two modes

· Mode A: Parallel ACK/NACK transmission using multiple PUCCH resources
· ACK/NACK is transmitted using the same paired CCs as those for transmitting the downlink grant.
· Mode B: ACK/NACK bundling
· Uplink CC used for ACK/NACK transmission could be given semi-statically.
· CQI/PMI/RI: TDM-based transmission should be baseline.

· Scheduling request: The same structure as that in the Rel. 8 LTE should be baseline.
· If there is ACK/NACK transmission in the same subframe, multi-carrier transmission with ACK/NACK could be considered for ACK/NACK mode A.
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