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1 Introduction

In the RAN1#60 meeting the followings were agreed for PUCCH design:
· Simultaneous A/N on PUCCH transmission from 1 UE on multiple UL CCs is not supported 

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE 
In this document, we propose to support UL ACK/NACK bundling across CC as one of the limited ACK/NACK transmission methods. This is an update of R1-102857. Compared to R1-102857, we narrowed down the ACK/NACK bundling scheme, and propose not to introduce DAI.
2 Support of UL 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. Further, we think DL carrier aggregation should be able to be used by (UL) cell edge UEs as discussed in [1]. Since the transmission power and channel conditions are different between UL and DL, A/N bundling across CCs is necessary for (UL) cell edge UEs to support DL carrier aggregation.
Proposal1: ACK/NACK bundling across CCs for power limited case is supported in release 10
The UL ACK/NACK transmission methods should be designed to support both symmetric and asymmetric carrier aggregation. In case of bundling across CCs, 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 have similarities to LTE TDD subframes. LTE TDD bundling principles can be applicable for both symmetric and asymmetric carrier aggregation. In this method, the UE generates 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 number of allocated subframes in one period. However, as discussed in [2], ACK/NACK bundling scheme could be supported without introducing DAI in release 10. We propose to support ACK/NACK bundling across CCs without introducing new DAI.

Proposal2: New DAI is not needed for supporting ACK/NACK bundling across CCs
Regarding the reservation of PUCCH resources, similar to LTE TDD, the PUCCH resources for the ACK/NACK transmission are considered to be reserved corresponding to each DL CC in bundling across CCs case. 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.
However, the reservation of multiple ACK/NACK resources could be avoided by linking the UL ACK/NACK resource only to the CCE index of the Pcell as discussed below. 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 Pcell, 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.
The ACK/NACK resource is determined dynamically based on PDCCH CCE on Pcell. However, if UE misses the assignment on the Pcell, or if there is no DL assignments on Pcell, UE cannot determine the resource to transmit the UL ACK/NACK.
We propose to perform DTX of ACK/NACK in case that UE does not receive DL assignment for Pcell in order to accommodate such a case. This means eNB is required to use Pcell for the UE which is configured to “ACK/NACK bundling across CCs” but it is acceptable limitation on the scheduler.
Proposal3:  For bundling across CCs, in case that UE does not receive DL assignment for Pcell, consider to avoid the reservation of multiple ACK/NACK resources by performing DTX of ACK/NACK. Table 1 summarizes our proposal on ACK/NACK bundling across CCs.
Table 1: Mapping between multiple ACK/NACK responses and 
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	Number of ACK among cross-carrier A/N response
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1

	5
	1, 0

	When UE detects no DL assignment for Pcell
	N/A (DTX of A/N)


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 CC bundling scheme is:
· ACK/NACK bundling across CCs for power limited case is supported in release 10 without introducing new DAI
· For bundling across CCs, consider to avoid the reservation of multiple ACK/NACK resources by linking the PUCCH resources only to the CCEs in Pcells
·  In case that UE does not receive DL assignment for Pcell, perform the DTX of ACK/NACK
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