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1 Introduction

This contribution considers the HARQ-ACK resource mapping in the PUCCH in case of Carrier Aggregation (CA) for the channel selection and DFT-S-OFDM transmission methods under the following design objectives:

a) Avoid a large increase in the PUCCH HARQ-ACK overhead for DFT-S-OFDM (compared to Rel.8).
b) Re-use Rel.8 resource mapping methods (for channel selection up to 4 HARQ-ACK bits).
The first design objective is justified by the fact that the number of UEs having CA per sub-frame will typically be small and the HARQ-ACK resource mapping for CA should not lead to much larger overhead than in Rel.8. Moreover, the multiplexing capacity of the DFT-S-OFDM based format may be only 4 UEs/PRB (or even only 2 UEs/PRB at high UE speeds) [1]. Additionally, in some cases (e.g. inter-band operation) the Pcell may offer the best system-wide link quality and, as the CSI overhead will also increase, it is important to minimize PUCCH overhead in the Pcell. The second design objective has the additional benefits of simplicity for specification, testing, and implementation.
2 HARQ-ACK Resource Mapping in PUCCH
For the HARQ-ACK resource mapping in the PUCCH (assuming HARQ-ACK transmission based on Rel.8 TDD channel selection), the following possibilities exist for a UE with CA:

a) All PDCCH is transmitted in the Pcell.
a. Typical scenario in case of het-net operation with 2 cells.
b) Some PDCCH is not transmitted in the Pcell.
a. Typical scenario for “normal” CA operation (parallel Rel.8 operation in multiple cells).
Observation: If all PDCCH is transmitted in the Pcell, the Rel.8 HARQ-ACK resource mapping in the PUCCH can apply for channel selection.
If some PDCCH for a UE is not transmitted in the Pcell, the Rel.8 HARQ-ACK resource mapping can still apply for channel selection while also enabling HARQ-ACK resource compression, similar to the PHICH resource compression using the CSI in Rel.8. For example, there are 87 CCEs for a PDCCH size of 3 OFDM symbols at 20 MHz. With a multiplexing capacity of 18 UEs/PRB, the PUCCH overhead is about 5 PRBs. For dynamic scheduling in the Pcell, a maximum of 15-20 UEs can achieve all throughout gains (even with MU-MIMO and without PDCCH size limitations) [2]. For CA over an average of 3 cells, a (rather large) maximum of 10 UEs can be assumed per sub-frame. Then, the total HARQ-ACK resources are at most 45-50 while there are 5x18=90 available ones in 5 PRBs. Therefore, sufficient resource availability exists to avoid increasing the PUCCH overhead for a modest degree of resource compression.  
In case of semi-statically assigning unique resources to each UE with CA for HARQ-ACK transmission using the DFT-S-OFDM format, additional overhead results due to:

a) Inability to utilize Rel.8 resources.

b) Need to provision for maximum resources corresponding to all CA-configured UEs regardless of whether or not these UEs are scheduled in a sub-frame. 
c) Need to dimension fixed, maximum, resources which do not scale with the actual number of HARQ-ACK bits.

The overhead from semi-statically assigning HARQ-ACK resources can be very large. For DFT-S-OFDM multiplexing capacity of 4 UEs/PRB [1], assuming that only 20 UEs out of the at least 600 active (non-DRX) UEs at 10 MHz [3] are configured with CA, the HARQ-ACK overhead to support CA is a fixed 10%. In peak load conditions [4], this number will be higher and the respective HARQ-ACK overhead will also be higher. This is clearly excessive particularly considering that only a few CA-configured UEs are expected to be scheduled per sub-frame.  
HARQ-ACK resource sharing among CA-configured UEs can reduce the PUCCH overhead. HARQ-ACK resource collision is avoided by introducing a HARQ-ACK Resource Index (HRI) IE in the DL grant with CA to explicitly adjust the HARQ-ACK resource (the HRI operates as the CSI in the UL grants for indexing PHICH resources). 
For channel selection, denoting by 
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As UEs with CA are expected to have at least moderate DL SINR and, on average, a few of them will be scheduled per sub-frame, adding an explicit HRI IE (e.g. with 2 bits) in the DL grants will not impact the PDCCH overhead. The 2-bit HRI IE can be interpreted as in Table 1. 

Table 1: Mapping the HARQ-ACK Resource Index (HRI) to an Offset Value.

	HARQ-ACK Resource Index IE
	Offset Value

	00
	0

	01
	-1

	10
	1

	11
	2


Explicit HARQ-ACK resource indexing was also suggested using the redundant TPC IE bits in the multiple DL grants. However, in order to avoid error cases, this requires that:

a) The TPC IE in the DL grant for PDSCH in the Pcell provides the TPC command (in case of no cross-cell scheduling). If there is no DL grant for PDSCH in the Pcell or if it is missed, there is no TPC command.
b) The TPC IE in the DL grants for PDSCHs in Scells provides the resource indexing (HRI). If all DL grants for PDSCH in Scells are missed, the UE uses the Rel-8 scheme for HARQ-ACK transmission and the eNodeB needs to blindly detect which resources and HARQ-ACK transmission scheme the UE uses. 
There are some additional cases to be considered, but the above are sufficient to show that using the TPC IE for resource indication in order to save an overhead of 2 bits for scheduled UEs with CA is not appropriate. An exception can be in case the UE is configured only 2 cells depending on the existence of a DL DAI. 
Proposal: An explicit HARQ-ACK Resource Index (HRI) IE is included in the DL scheduling grants.
3 Conclusions

This contribution considered the HARQ-ACK resource mapping in the PUCCH with CA to reduce the overhead from semi-statically assigning unique resources which can be excessive. The following are proposed:

Proposal 1: If all DL grants are transmitted in the Pcell, the Rel.8 HARQ-ACK resource mapping in the PUCCH applies in case of channel selection.
Proposal 2: An explicit HARQ-ACK Resource Index (HRI) IE is included in the DL scheduling grants.
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