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1. Introduction

To support carrier aggregation uplink control signalling design is needed to address multiple carriers and support asymmetric aggregation.  On the downlink, separate PDCCH for each carrier and common PDCCH for multiple carriers are under consideration.  In [1], a comparison of the two structures was provided with the initial conclusion that a common PDCCH design is more suitable for carrier aggregation.  In this contribution, we present several options for the design of uplink control signalling.
2. PUCCH Structure for Carrier Aggregation
To ensure maximum compatibility with existing Rel-8 design, some general design principles should be observed –
· Rel-8 H-ARQ timing should be preserved.  Because some carriers will support a mixture of LTE and LTE-A users, Rel-8 H-ARQ timing relationship should be preserved.  It is not preferable from system design and complexity perspective to introduce new timing relationship for LTE-A. 
· Existing PUCCH formats 1 and 2 should be reused if possible.  It is preferable to reuse existing PUCCH structure with possibly some modifications rather than introduce additional formats to support carrier aggregation.  This will allow both LTE and LTE-A users to be served using existing formats, thereby reducing additional overhead.
In this section, several possible PUCCH structures are provided.

Reuse Rel-8 Structure:

The simplest possible approach is to support PUCCH per carrier based on Rel-8 structure.  Thus, each PUCCH (ACK/NACK, CQI, and SR) may be configured independently to support one downlink-uplink carrier pair.  In case of asymmetric carrier aggregation, additional uplink control signaling (ACK/NACK and CQI) may be configured to support multiple downlink carriers on a single uplink carrier.  This approach is illustrated in Figure 1(a) for symmetric carrier aggregation.  For asymmetric carrier aggregation, additional PUCCH may be configured to support other downlink carriers.
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Figure 1.  Uplink control for LTE-A.
From a standardization perspective, significantly less effort is required to support this approach and its application is straightforward.  To handle asymmetric carrier aggregation, different PUCCH configurations can be given per downlink carrier via the SIBs.  This approach provides the most flexibility in uplink control and allows for independent feedback.  However, two important factors – coverage and performance, must be considered.  By transmitting on simultaneous uplink carriers, the cubic metric may be increased substantially while at the same time the required SNR will scale with the number of carriers.  In general, N times the transmit power is required to transmit ACK/NACK on N uplink carriers.  This could severely impact coverage for some UEs, although this issue may be alleviated by using techniques such as ACK/NACK bundling or slightly modifying the PUCCH [2].

In Rel-8 TDD systems, ACK/NACK feedback is supported through ACK/NACK multiplexing or bundling.  Currently, ACK/NACK multiplexing technique can support up to 4 bits of feedback through channel selection.  A similar structure may be adapted for use in carrier aggregation.  This can be used instead of concurrent transmission on multiple carriers with similar performance as single-carrier transmission.  Thus, extending Rel-8 TDD scheme for use with carrier aggregation seems a promising approach.
PUCCH on Anchor Carrier:

An alternative approach is to define an anchor carrier for the uplink similar to the concept proposed for downlink.  UEs will then transmit all uplink control signalling including CQI and SR using the anchor carrier as illustrated in Figure 1(b).  This structure may preserve single-carrier property in some cases and also naturally handle asymmetric aggregation.  However, management and load balancing of anchor carrier will be required.  Additionally, different structure to handle CQI, ACK/NACK, and SR structure will be needed which may require significant changes to the specifications.  Several options for control signalling transmission may be considered –

· ACK/NACK: ACK/NACK transmission may use TDD bundling, channel selection, multi-code transmission, or using PUCCH format 2. 

· CQI: CQI transmission may be done through either (1) simultaneous transmission on multiple resources or (2) TDM of feedback from different carriers.

· SR: In general, only one scheduling request may be sufficient and this can be accommodated using existing Rel-8 mechanism.  In case scheduling request per component carrier is needed, the same scheme as ACK/NACK may be reused.
3. Conclusion
In this contribution, we present several options for the design of uplink control signalling for LTE-A.  Additional analysis is necessary prior to finalizing on a design structure.
4. References

1. R1-091326, “Comparison of PDCCH Structures for Carrier Aggregation,” Motorola, RAN1#56bis, Seoul, Korea, March 2009.
2. R1-090582, “Extending PUCCH Formats 1/1a/1b and 2/2a/2b for the Case of Multiple Component Carriers,” Texas Instruments, RAN1#56, Athens, Greece, February 2009.




























































































































































































































































