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1 Introduction

This contribution considers aspects of the UL HARQ-ACK transmission in response to PDSCH reception in multiple Component Carriers (CCs) in Rel.10 including:

a) The UL CC of HARQ-ACK signal transmission.
a. Whether the HARQ-ACK transmission is in an “anchor” UL CC or whether UL CC selection applies.
b) The HARQ-ACK signal transmission method to support various payloads of HARQ-ACK information.
2 HARQ-ACK Signal Transmission Aspects

2.1 UL CC for HARQ-ACK Signal Transmission
The options for the UL CC carrying the HARQ-ACK signal transmission (note that the current agreement is for the HARQ-ACK mapping to be in a single CC [1]) are to either perform CC-based resource selection, in a similar manner as performing sub-frame-based resource selection in Rel.8 TDD, or to always transmit the HARQ-ACK signal in an anchor UL CC (several possible mappings for the HARQ-ACK resources in the anchor UL CC exist but such mapping alternatives are not considered in this contribution). The two approaches are depicted in Figure 1. In case a UE in configured a single UL CC, the two approaches become equivalent. 
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Figure 1: HARQ-ACK Transmission - CC selection (left), Configuration of separate resources in anchor CC (right).
The advantage of HARQ-ACK signal transmission using CC-based resource selection is that the Rel.8 CCE-to-HARQ-ACK resource mapping can be fully preserved and no additional resources are required as the Rel.8 TDD multiplexing mapping can apply by simply interpreting the resources associated with CCEs in different DL CCs in Rel.10 (or in the same DL CC in case of cross-carrier scheduling) in the same manner as the resources associated with CCEs in different DL sub-frames in Rel.8 TDD.
The advantages of HARQ-ACK signal transmission in an anchor UL CC include:

a) Simplified TPC as the Rel.8 TPC can be maintained for the PUCCH (CQI and SR are transmitted in the anchor UL CC).
b) Simplified specifications as the anchor UL CC approach will anyway need to be supported in a “many-to-one” DL/UL CC allocation. 

c) Increased robustness to UL link failure as communication can be maintained if any UL CC other than the anchor CC fails.

d) Anchor CC can be selected to have good link quality (e.g. CC with lower carrier frequency or with benign interference conditions can be selected as anchor).

e) Potential for improved UE power savings in case of non-contiguous CCs and multiple RFs.    

The advantages for each approach can be viewed as disadvantages for the other approach. Based on the above, the anchor UL CC approach is preferable. 
The mapping of the resources for HARQ-ACK signal transmission in the anchor UL CC can be as in Rel.8 for DL Scheduling Assignments (SAs) transmitted in the DL CC linked to the anchor UL CC (cell specific link) and this can include DL SAs scheduling PDSCH reception in other DL CCs (cross-carrier scheduling). The mapping of the resources for HARQ-ACK signal transmission in the anchor in response to PDSCH receptions scheduled through DL SAs transmitted in DL CCs not linked to the anchor UL CC is FFS. 

It should be noted that although not many UEs are expected to have Carrier Aggregation (CA) per sub-frame, the number of UEs which may have CA can be large and RRC assignment of unique resources for HARQ-ACK signal transmission to each such UE can lead to substantial overhead in the UL anchor CC. For example, even if the maximum multiplexing capacity of 18 HARQ-ACK channels per RB is assumed (an optimistic assumption as HARQ-ACK transmissions then become interference limited), for 100 UEs configured CA with an average of 3 DL CCs per UE, the HARQ-ACK overhead will exceed 17 RBs (or 34 RBs if TxD is also enabled) which is excessive even for a 20 MHz UL anchor CC.  
2.2 HARQ-ACK Signal Transmission Method
The direct extension of the Rel.8 HARQ-ACK transmission method to PDSCH reception over N DL CCs is to transmit N parallel HARQ-ACK channels (multi-sequence transmission). However, this approach has several disadvantages in terms of performance including: 

1) First, the CM increase can be as high as 3 dB (for N=5) [2]. 
a. Parallel CQI and SR transmissions may also exist. 
2) Second, splitting the total UE transmission power over N separate channels may result to worse performance. Although having the transmission of several HARQ-ACK bits in a single channel effectively requires similar SINR as the transmission in multiple channels, single-channel transmission can exploit a form of coding gain allowed by channel selection as in TDD. Additionally, as all the RS power is concentrated in one HARQ-ACK channel, the gains from improved channel estimation can be substantial [3].

Nevertheless, as UEs requiring transmission of many HARQ-ACK channels are not expected to be power limited, small values of N (e.g. N=2) may be considered if increasing the HARQ-ACK multiplexing capacity is needed.

For the transmission of several HARQ-ACK bits over a single ACK/NAK channel several methods exist including:

a) Channel selection: HARQ-ACK information is conveyed both by the transmitted signal and by the selection of the respective HARQ-ACK resource (channel selection). As channel selection for Rel.8 TDD can support up to 4 HARQ-ACK bits, one or more extensions, depending on the possible values of N, would be required in Rel.10.  

b) Bundling: Unlike Rel.8 TDD where some correlation may exist in the probability of correct PDSCH reception in successive DL sub-frames, such correlation cannot be generally expected for different DL CCs (different SINR conditions with frequency domain scheduling, different interference conditions, different propagation loss for non-contiguous DL CC, etc). Therefore, despite an apparent similarity between multiple DL sub-frames in Rel.8 TDD and multiple DL CCs in Rel.10, HARQ-ACK bundling is fundamentally inappropriate in Rel.10, at least for non-power limited UEs.

c) Higher Order Modulation: This is an obvious mechanism to increase the number of bits per HARQ-ACK channel. For example, even though the SINR difference in the BER curves between QPSK and QAM16 is in the order of 6 dB, UEs with CA are typically not power limited and do not experience very low SINRs. As a consequence, using QAM16 is a viable alternative to increasing the multiplexing capacity of an HARQ-ACK channel for UEs with SINR above 0 dB or for non-power limited UEs for which power control can partly compensate for the additional SINR required to support QAM16 relative to QPSK. 
d) Joint Coding: When the number of HARQ-ACK bits exceeds a predetermined value, joint coding can apply using PUCCH format 2. As for using higher order modulation, the desired BER targets are met if the operating SINR is not too low. For non-power limited UEs, TPC may also be relied upon, if needed. However, with separately coded PDCCH transmission per DL CC and joint coding for the HARQ-ACK bits, overall support for DTX detection for each PDCCH is likely to be difficult and/or require additional overhead. Furthermore, the multiplexing capacity per PRB will be reduced and HARQ-ACK resource sharing with Rel.8 UEs will not be possible.

e) Slot-Based Transmission: Similar to using higher order modulation, slot-based HARQ-ACK signal transmission can be used for UEs with at least moderate SINRs, in conjunction with transmit diversity if possible, to properly dimension the HARQ-ACK overhead while achieving the BER targets and maintaining the Rel.8 structure. The total number of HARQ-ACK bits can be (equally when even) divided between the first and the second slots of a sub-frame.

f) Antenna-Based Transmission: The transmission of HARQ-ACK bits can also be divided among multiple UE transmitter antennas, where a separate resource is used by each antenna [4]. However, this approach is problematic as UEs cannot be assumed to have multiple transmitter antennas (although the UEs may be assumed to have multiple receiver antennas, separate PAs may not exist) and antenna power imbalance will lead to varying performance among antennas (the absence of TxD support is a secondary issue). 
The previous HARQ-ACK transmission methods can be complementary in achieving the desired BER and multiplexing capacity targets but an HARQ-ACK transmission method should be simple, scalable, and applicable to all possible DL CC allocations (up to a maximum of 5 DL CCs). 
A baseline approach that would require minimal additional specifications and testing would be to extend the HARQ-ACK multiplexing (channel selection) method of Rel.8 TDD from 4 HARQ-ACK bits to 5 HARQ-ACK bits. For more than 5 HARQ-ACK bits, transmission of 2 sequences can be used to support up to 10 HARQ-ACK bits. 

If extending HARQ-ACK multiplexing to 5 bits proves to be problematic, slot-based transmission or support for QAM16 modulation in conjunction with support of limited multi-sequence transmission (2 sequences) is another approach that requires minimal additional specification and testing complexity while being able to efficiently support up to 10 HARQ-ACK bits (in terms of overhead and performance).
The methods of HARQ-ACK bundling for non-power limited UEs, joint coding of HARQ-ACK bits through the use of PUCCH format 2, or having multiple UE transmitter antennas transmit different HARQ-ACK bits have significant shortcomings and may not be further considered.

3 Conclusions

This contribution considered aspects for the transmission of HARQ-ACK bits in response to PDSCH reception over multiple DL CCs and concludes the following:

a) The use of an “anchor” UL CC (UE-specific) for the HARQ-ACK signal transmission is advantageous over the use of CC selection.

b) Extension of HARQ-ACK multiplexing to support 5 bits together with support for a maximum of 2 sequences transmission provides the maximum desired multiplexing capacity for HARQ-ACK bits with minimal additional complexity, specification impact, and testing relative to Rel.8. 

a. If the performance or resolution of states for 5-bit HARQ-ACK multiplexing is not deemed satisfactory, slot-based transmission or use of higher order modulation can be considered as they provide straightforward extensions to the Rel.8 HARQ-ACK transmission.  
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