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1 Introduction

This contribution considers aspects of the UL ACK/NAK transmission in LTE-Advanced (LTE-A) and is an update to R1-091238. The focus is on ACK/NAK signaling associated with dynamic PDSCH transmissions (dynamic ACK/NAK) as ACK/NAK signaling corresponding to SPS PDSCH transmissions (SPS ACK/NAK signaling) is largely under the control of the serving eNB and can closely follow LTE transmission principles especially since multi-carrier transmission is unlikely. It is assumed that the implicit, CCE-based, mapping of UL resources for the ACK/NAK transmission used in LTE 8 is maintained in LTE-A. 
2 ACK/NAK Transmission Aspects
Aspects associated with dynamic ACK/NAK signaling corresponding to PDSCH transmission in N DL component carriers (CCs) include:
a) Parallel transmission of N ACK/NAK signals in N ACK/NAK channels versus mapping N ACK/NAK signals onto a single (or a few) ACK/NAK channel

b) Allowing ACK/NAK transmission in any UL CC versus restricting ACK/NAK transmission in a single UL CC (“anchor” UL CC)

c) Having a single ACK/NAK transmission method for all possible configurations for the number of DL CCs and UL CCs versus having an ACK/NAK transmission method with some dependence on the DL/UL configuration.    

2.1 Number of ACK/NAK Channels
The direct extension of the LTE ACK/NAK transmission method to the transmission of N ACK/NAK signals is to use respective N ACK/NAK channels. However, this approach is problematic due to several reasons. 
1) First, the CM increase can be as high as 3 dB (for N=5) [1]. 
2) Second, splitting the total UE transmission power over N separate channels may result to worse performance. For example, for N = 5, the SINR corresponding to the maximum transmission power per ACK/NAK channel is reduced by about 7 dB. Although having the transmission of several ACK/NAK 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. 
3) Third, different transmission power control (TPC) loops are likely needed for multi-channel transmissions in different CCs to account for different interference conditions with contiguous CC aggregations and/or different path-loss with non-contiguous CC aggregations. Having too large power difference for the transmission of signals in multiple UL CCs can lead to implementation problems, especially if the UE has a single PA for all UL CCs since, unlike PUSCH transmissions, there is no MCS adaptation. Additionally, due to different TPC loops, it is likely that the UE may reach its maximum transmission power prior to allocating the nominal transmission power to each ACK/NAK channel. Even with scheduler restrictions, such conditions may still occur due to power control errors.
Nevertheless, as UEs requiring transmission of many ACK/NAK channels are not expected to be power limited, small values of N (e.g. N=2) may be considered if increasing the ACK/NAK multiplexing capacity is needed.
Several methods exist for the transmission of N ACK/NAK signals over a single ACK/NAK channel. They include:

a) Channel selection: ACK/NAK information is conveyed both by the transmitted signal and by the selection of the ACK/NAK channel out of the possible ACK/NAK channels corresponding to the DL CCs with PDSCH transmission. As channel selection for LTE Rel. 8 TDD can support up to 4 ACK/NAK bits, one or more extensions, depending on the possible values of N, would be required for LTE-A. 
b) Bundling: In LTE TDD, ACK/NAK bits may be bundled into a single ACK/NAK channel. However, unlike TDD where some correlation may exist in the probability of correct packet reception in successive DL sub-frames, correlation in the probability of correct packet reception cannot be expected for different DL CCs. This is because the respective scheduling likely relies on different CQI feedback and the packet transmission generally experiences different frequency selectivity and interference conditions among DL CCs. Therefore, despite an apparent similarity between multiple DL sub-frames in TDD and multiple DL CCs in LTE-A, ACK/NAK bundling is fundamentally inappropriate for LTE-A FDD (other factors, such as the likely requirement to include DAI bits in the PDCCH, thereby increasing its overhead and requiring a different format relative to LTE, also make ACK/NAK bundling a problematic choice).
c) Higher Order Modulation: This is an obvious mechanism to increase the number of ACK/NAK bits per ACK/NAK channel and/or reduce the overall associated overhead. For example, even though the SINR difference in the BER curves between QPSK and QAM16 is in the order of 6 dB, in the operating conditions of interest for LTE-A (coverage limited UEs are not scheduled multi-CC, multi-CW transmissions) this is either inconsequential (such UEs are typically expected to have UL SINR above 0 dB) or can be addressed through power control (single ACK/NAK channel transmission from a non-coverage limited UE).
d) Joint Coding: When the number of ACK/NAK bits exceeds a predetermined value, joint coding can be applied using the LTE PUCCH format 2. As for higher order modulation, the desired BER targets are met as long as the operating SINR is not too low. For non-coverage limited UEs, TPC may be relied upon, if needed, to achieve the desired SINR. However, with separately coded PDCCH transmission per DL CC and joint ACK/NAK coding, overall support for DTX detection for each individual PDCCH is likely to be difficult and/or require extra overhead. Additionally, the multiplexing capacity will be reduced and resource sharing with LTE UEs will not be possible.
e) Slot-Based Transmission: Similar to using higher order modulation for UEs with multi-bit ACK/NAK transmission or to using multi-sub-frame transmission for coverage limited UEs, slot-based transmission can be used for UEs in moderate-to-high SINR conditions, especially in conjunction with transmit diversity, to properly dimension the ACK/NAK PUCCH overhead while achieving the BER targets and maintaining the LTE Rel.8 structure. The total number of ACK/NAK bits can be (equally, when even) divided for transmission in the first slot and in the second slot of the sub-frame.
f) Antenna-Based Transmission: The load of ACK/NAK bits can also be divided among multiple UE transmitter antennas, where a separate resource is used by each antenna, with or without additional division between the two sub-frame slots [2]. As UEs having transmission of many ACK/NAK bits will not be coverage limited, the diversity and extra transmission power offered by having more than 1 antenna transmit the same ACK/NAK bits is not critical (antenna diversity should be otherwise enabled). When each antenna uses its own resources for ACK/NAK transmission, this effectively corresponds to the transmission of multiple ACK/NAK channels where a sub-set of the total number of ACK/NAK bits is sent in each ACK/NAK channel. However, assuming that each transmit antenna has its own PA, single-carrier transmission per antenna is maintained (at least with respect to the ACK/NAK transmission) and the transmission power of each antenna is not split into among multiple ACK/NAK channels. 
Proposal: The following methods (and their combinations) should be considered during the LTE-A SI to support the transmission of N ACK/NAK signals (per UE transmitter antenna):

a) channel selection (in the form of UL CC and/or CCE-based resource selection)

b) higher order modulation 
c) splitting multiple ACK/NAK bits between the two sub-frame slots 
d) splitting multiple ACK/NAK bits among multiple transmitter antennas. 
2.2 ACK/NAK Transmission Method
The previous ACK/NAK transmission methods can be complementary in achieving the desired ACK/NAK BER and multiplexing capacity targets while minimizing interference, preserving the single-carrier property without severely splitting the total transmission power, and maintaining in principle the LTE multiplexing rules to achieve backward compatibility. 
Channel selection by itself may not suffice in supporting transmission for a number of ACK/NAK bits appreciably larger than 4 and, if used, it will likely need to be enhanced with another of the outlined methods to increase the supported load of ACK/NAK bits.

Higher order modulation is also not sufficient on its own as QAM16 may be considered as an upper bound for the spectral efficiency of the PUCCH transmission in LTE-A and the respective number of ACK/NAK bits is limited to 4.

Splitting the transmission of multiple ACK/NAK bits between two slots of an ACK/NAK channel also limits the number of ACK/NAK bits to 4 (assuming QPSK as the largest modulation order).
Finally, the use of multiple transmitter antennas cannot always be relied upon as not all LTE-A UEs can be assumed to have 2 antennas with separate PAs. 

Combinations of the above transmission methods can increase the multiplexing capacity of ACK/NAK bits with no/minimal changes relative to the LTE ACK/NAK transmission structure.

2.3 UL CC for ACK/NAK Transmission
Assuming a single ACK/NAK channel, the second aspect for the UL ACK/NAK transmission in LTE-A is whether the ACK/NAK channel is always mapped to the same UL CC (“anchor” UL CC) or it can be located in any of the UL CCs configured for the UE. 
The PDCCH transmission method affects to a large extend the answer to this design aspect. If the PDCCH is jointly coded and transmitted in a single DL CC (“anchor” DL CC), the ACK/NAK channel can always be located in the “anchor” UL CC linked to the “anchor” DL CC. Channel selection in terms of selecting the UL CC for the transmission of the ACK/NAK channel is inapplicable. Channel selection in terms of selecting the resource of the ACK/NAK channel in the anchor UL CC requires that the number of CCEs used for the PDCCH transmission is at least equal to the number of combinations for the ACK/NAK bits divided by the modulation order (and by the number of slots or the number of UE transmitter antennas if different ACK/NAK bits can be transmitted per slot or per antenna). 

If separate PDCCH transmission in each of the DL CCs having PDSCH transmission is used, it is possible to use for the ACK/NAK channel transmission any of the UL CCs linked to these DL CCs. If there are more DL CCs than UL CCs (asymmetric DL/UL allocations), it is still possible to have channel selection for the ACK/NAK channel transmission by interpreting the different PUCCH resources in the same UL CC corresponding to different DL CCs [3] as effectively belonging to respectively different UL CCs. 
In case of UE-specific asymmetric DL/UL CC allocation, a UE may be configured PDCCH/PDSCH reception in multiple DL CCs and configured PUSCH transmission in a smaller number of UL CCs (even though the system may have the same number of DL CCs and UL CCs). Then, if channel selection is to be used, transmission of the ACK/NAK channel should be allowed in any of the PUCCH resources of the UL CCs for PUSCH transmission that are linked to one or more of the DL CCs.

3 Conclusions
This contribution considered aspects for the transmission of multiple ACK/NAK bits in response to PDSCH reception over multiple DL CCs. To maintain the single-carrier property for the PUCCH ACK/NAK transmission, avoid TPC problems, and exploit potential coding gains through channel selection, multiple ACK/NAK bits should be conveyed through a single ACK/NAK channel. However, if increasing the multiplexing capacity is needed, an additional ACK/NAK channel can be considered.
Several complementary methods utilizing the same ACK/NAK transmission structure as in LTE and requiring simple extensions of existing principles (such as channel selection, higher order modulation, slot-based transmission, and possibly use of different antennas to transmit different ACK/NAK bits) were discussed. It is proposed that these methods are further considered during the LTE-A SI for the UL ACK/NAK transmission.
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