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1 Introduction

In the previous RAN1#58bis meeting the following was agreed for PUCCH design [1]:
· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation
· Clarifications:

· A/N mapping onto one UL CC: semi-static and dynamic mapping are not excluded.

· Multiple PUCCH on an UL CC is not excluded.
In this document we discuss the UL ACK/NACK transmission on PUCCH in the absence of PUSCH focussing on the limited ACK/NACK transmission method. Further we discuss the semi-static and dynamic mapping onto one UL CC in case of bundled ACK/NACK transmission method.
2 Limited ACK/NACK transmission for multiple DL CC transport blocks

As agreed in the RAN1#58bis meeting, limited ACK/NACK transmission should be supported for power limited UEs. The UL ACK/NACK transmission methods should be designed to support both symmetric and asymmetric carrier aggregation. In case of bundling, a single ACK/NACK is transmitted for multiple DL CC transport blocks by one UE. This is similar to the LTE Rel’8 TDD ACK/NACK bundling scheme. From an UL ACK/NACK control signalling point of view, the component carriers can be considered as LTE TDD subframes. LTE TDD bundling principles are applicable for both symmetric and asymmetric carrier aggregation and could be reused for LTE-A carrier aggregation. In this method the UE shall generate one or two bits ACK/NACK information by performing logical AND operation per codeword across multiple CCs. 

In LTE TDD DAI is used as a counter to indicate the allocations in previous subframes. Similarly in LTE-A carrier aggregation UE requires additional information bits similar to DAI on PDCCH to detect the missed assignments on component carriers in order to avoid transmission of erroneous ACK/NACK report.  The PUCCH resources for the ACK/NACK transmission are reserved corresponding to each DL CC. This results in reservation of multiple ACK/NACK resources and requires the eNB to blindly detect the actual resource used by UE for ACK/NACK transmission.

Further, the reservation of multiple ACK/NACK resources could be avoided by defining a primary downlink component carrier and linking the UL ACK/NACK resource only to the CCE index of the primary downlink component carrier. By this way the additional PUCCH overhead could be avoided in scenarios like asymmetric carrier aggregation. Since the ACK/NACK resource is linked to the PDCCH of primary downlink component carrier, we think for limited ACK/NACK transmission method mapping onto one UE specific UL CC is sufficient. Further this could handle both symmetric and asymmetric carrier aggregation scenarios.

Proposal: For bundling, the bundled ACK/NACK is mapped onto one UE specific UL CC to handle both symmetric and asymmetric carrier aggregation.
As in Rel’8 the ACK/NACK resource is determined dynamically based on PDCCH CCE on primary downlink component carrier. However, in case if UE misses the assignment on the primary downlink component carrier or in case if there is no DL assignment on primary downlink component carrier, UE cannot determine the resource to transmit the UL ACK/NACK. In order to handle such cases, there could be several possible options to transmit the UL ACK/NACK:
Option 1: UE requires information in all other component carriers to indicate the CCE index of primary downlink component carrier which is linked to the UL ACK/NACK resource. 

Option 2: CCE indices on all component carriers are linked to the same UL ACK/NACK resource index as the primary downlink component carrier. This results in scheduler restriction on CCE selection.  

Option 3: UE doesn’t transmit a bundled UL ACK/NACK response in case if UE misses the assignment on primary downlink component carrier
In the agreed WF in RAN#58bis meeting, ACK/NACK mapping onto one UE specific UL CC could be either semi-static or dynamic. For bundling one ACK/NACK resource could be sufficient. Since the ACK/NACK resource in a UL CC is always linked to the PDCCH of primary downlink CC, ACK/NACK mapping onto UE specific UL CC could be configured semi-statically. For bundling we don’t see a need for dynamic mapping onto UL CC since missed assignment or no downlink scheduling on primary downlink component carrier could be handled by the 3 options described above. 

Proposal: For bundling, the UL CC mapping is semi-statically configured and linked to the primary downlink component carrier. Dynamic mapping onto UL CC is not required.
3 Summary

In this document we discussed the limited UL ACK/NACK transmission method on PUCCH in carrier aggregation for power limited UEs. Our proposal for bundling scheme is:
· bundled ACK/NACK is mapped onto one UE specific UL CC to handle both symmetric and asymmetric carrier aggregation
· UL CC mapping is semi-statically configured and linked to the primary downlink component carrier. Dynamic mapping onto UL CC is not required
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