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1 Introduction

In LTE-Advanced, extension of bandwidth beyond single Release 8 system bandwidth is achieved by carrier aggregation. The main purpose of carrier aggregation is to support flexible use of available frequency spectrum and to provide higher peak data rate to the UE while minimizing the overhead channels such as PSCH, SSCH, broadcast information, and access channels. 

Several decisions have been made in previous RAN1 meetings regarding bandwidth extension:

· LTE-A supports asymmetric UL/DL component carriers

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) of single carrier
· Carrier indicator field (CIF) of 0-3 bits is provided to indicate the CC allocation of the respective PDCCH. 
The Carrier indicator field allows the allocation of traffic channels in the CC’s that may be different from the CC on which PDCCH is transmitted, giving flexibility in carrier selection for PDCCH transmission. This feature is particularly useful for asymmetric system bandwidth. 
In our earlier contribution, we discussed a framework for supporting flexible, low-overhead CC allocation for traffic channel while reducing UE blind decoding attempts [2][3]. In this paper, we investigate the requirements for PUCCH CC association and make a recommendation for a possible solution, taking into account the complexity, coverage, and reuse of Release-8 control channel configurations.   

2 Control Channel Association 
For symmetric DL/UL carriers, one-to-one association between PUCCH CC and DL CC can be defined. The mapping could be done statically based on operators spectrum allocation with a default spectrum spacing for FDD, or semi-statically by higher layer signalling such as BCH. With this approach, Release-8 PUCCH configuration scheme can be reused for carrier aggregation. There is no need to indicate PUCCH CC separately corresponding to DL PDSCH CC.
For asymmetric DL/UL carriers when there is no scheduled transmission in the UL channel, the association between PUCCH CC and the DL CC needs to be defined explicitly. 
2.1 Control Channel Association Methodology 
Two options are possible for control channel association in asymmetric DL/UL carriers:
· CC is semi-statically indicated by higher layer signaling (ie RRC)
· CC is dynamically indicated in DL allocation in PDCCH
Semi-static allocation allowing reuse of Release-8 PUCCH configuration scheme is preferred. A few scenarios are considered for asymmetric bandwidth support. Figure 1 illustrates the control channel association for asymmetric UL/DL carriers. Figure 1 (a) shows the association when the number of DL carriers exceeds the number of UL carriers and Figure 1 (b) shows an association when the number of UL carriers exceeds the number of DL carriers.
Number of DL carriers > Number of UL carriers

This is the most common scenario for bandwidth extension due to higher BW requirements in the DL direction. In this case, many-to-one mapping between the DL CC and the UL PUCCH CC is defined.

· The mapping can be defined for each DL CC. The association can be signalled in the broadcast message corresponding to each DL CC or can be signalled in the dedicated RRC message.
· Due to the smaller number of UL CCs than DL CCs, ACK/NAKs corresponding to multiple DL CCs needs to be mapped to a UL CC for PUCCH transmission.
Number of DL carriers < Number of UL carriers

One or a subset of UL carriers is associated with DL carriers. One-to-one or one-to-many mapping between the DL CC and the UL CC can be defined. The association can be configured semi-statically from higher layer, either by broadcast message or by dedicated RRC signaling.
· In case of one-to-one mapping, one UL CC is associated with each DL CC. The association can be done implicitly or signalled in the broadcast message corresponding to the DL CC. Not all UL CC need to support PUCCH transmission.

· In case of one-to-many mapping, more than one UL CC is associated with each DL CC. A subset of the UEs allocated DL CC is configured to use a given UL CC. The association can be signalled in the dedicated RRC message.
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Figure 1: Illustration of control channel association for asymmetric DL/UL carriers (a) Example for (Number of DL carriers) > (Number of UL carriers) (b) (Number of DL carriers) < (Number of UL carriers)
2.2 Support of Multiple ACK/NAKs
To support multiple ACK/NAKs in a single UL CC, solutions for SC-FDMA UL and multi-carrier SC-FDMA UL operation are proposed in [4]. 
· SC-FDMA option by spreading factor reduction: In PUCCH Format 1b, orthogonal spreading factor reduction (from 4 to 2) is employed to convey 4 bits of information in a single ACK/NAK resource. 
· Multi-carrier SC-FDMA operation: Multiple sequence transmission corresponding to DL traffic channel is considered. 

· Multi-bit ACK/NAK transmission from LTE TDD Release-8: Multiple ACK/NAKs corresponding to DL CCs are grouped together and mapped to QPSK modulation symbols [5]-[7]. This solution could be reused to support multiple ACK/NAKs for carrier aggregation.
Table 1 compares pros and cons of multiple ACK/NAK transmission schemes. Considering compatibility with Release-8 transmitter/receiver processing and coverage constraints of UL control channels, multi-bit ACK/NAK transmission appears to be an attractive approach. 
Table 1: Comparison of multiple ACK/NAK support for carrier aggregation
	Option
	Description
	Pros
	Cons

	Spreading factor reduction
	Reduce orthogonal spreading factor of PUCCH from 4 to 2
	Maintains SC property
	· PUCCH Tx/Rx processing is not compatible with Rel-8

· ACK/NAK resource allocation not compatible with Rel-8.

· Reduced link gain due to spreading factor reduction ( Further limits UL control channel coverage

	Multi-sequence UL transmission
	Allow multiple sequence transmission corresponding to each DL CC
	Reuse Release-8 PUCCH Tx/Rx processing 
	· No longer single carrier UL for Rel-10 UE 

· Increased CM value compared with SC-FDMA ( Not suitable for power limited UEs (cell edge user)

· Requires changes in ACK/NAK resource allocation to support multiple ACK/NAK resources per user 

	Multi-bit ACK/NAK transmission
	Multiple ACK/NAK bits corresponding to multiple CCs are mapped to QPSK modulation symbols
	Reuse Rel-8 solution from TDD
Performance verified for TDD
	· Current TDD solution supports 4 ACK/NAK channels. Solution to support aggregation of 5 CCs needed


3 Summary and Conclusions
In this paper, we investigated the requirements for PUCCH CC association depending on DL/UL spectrum. We compared the ACK/NAK transmission schemes to support multiple ACK/NAK transmission scheme in terms of complexity, coverage, and reuse of Release-8 control channel configurations.  In summary, 
· Semi-static allocation of CC by higher layer signaling (ie RRC) shall be used for PUCCH CC association with DL CC
· For asymmetric bandwidths, PUCCH CC association may be indicated as follows:
· When Number of DL carriers > Number of UL carriers: The association can be indicated implicitly (by default DL/UL spacing) or explicitly by broadcast channel
· When Number of DL carriers < Number of UL carriers: The association can be configured semi-statically from higher layer, either by broadcast message or by dedicated RRC signaling

· Multiple ACK/NAK transmission in a PUCCH CC is required when the number of UL carriers exceeds the number of DL carriers. 
· Multi-bit ACK/NAK transmission from Release-8 TDD may be reused.
· Multi-sequence UL transmission needs further study if CM increase is acceptable due to violation of single-carrier property.
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