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1 Introduction

Enhanced CA requires support for larger HARQ-ACK payloads than legacy CA due to the larger number of DL cells. Support for large HARQ-ACK payloads by a UE requires sufficient UL SINR to meet BLER requirements. When the UE has UL SINR smaller than the required one, coverage enhancement techniques to provide HARQ-ACK payload reductions or UL SINR enhancements by repetitions are needed. 

This contribution considers aspects for HARQ-ACK payload reduction and for HARQ-ACK repetitions and is a resubmission of R1-154116. 
2 Coverage Enhancements
2.1 HARQ-ACK Bundling
Spatial Domain Bundling

HARQ-ACK bundling reduces the HARQ-ACK payload at the detriment of DL throughput. Spatial domain bundling is the simplest form of HARQ-ACK bundling and generally results to smaller DL throughput loss compared to time domain or cell domain bundling (although this can depend on particular channel/system assumptions and UE SINR - e.g. [1, 2]). Therefore, similar to Rel-12, spatial domain HARQ-ACK bundling should also be supported for the new PUCCH format(s). 
Observation 1: It is beneficial to enable configuration to a UE of HARQ-ACK spatial domain bundling also for new PUCCH format(s). 

Need for Additional Bundling 

Even with HARQ-ACK spatial domain bundling, a resulting HARQ-ACK payload can still be large enough for a UE to not be able to achieve a target BLER for the HARQ-ACK codeword. For example, for a FDD system, spatial domain HARQ-ACK bundling, and 32 DL cells with PDSCH transmissions in a subframe, a ~0 dB SINR is required for 1% BLER (for Rel-12 PUSCH structure, EPA3, 1Tx/2Rx, r=1/3 TBCC). However, about 20% of all UEs connected to a macro-cell have SINRs below 0 dB and this percentage increases to 30%-40% for UEs at the 10% DL geometry CDF [3]. Similar to Rel-12, there can be UEs that cannot support, with 1% BLER, HARQ-ACK payloads much smaller than 32 bits. The problem is worse for a TDD system or for HARQ-ACK transmission in a PUSCH as UL HARQ retransmissions are synchronous and can be non-adaptive while the resources for HARQ-ACK multiplexing are limited. For example, for Rel-12 HARQ-ACK multiplexing in a PUSCH over 1 PRB pair, an additional 10log10(3) = 4.77 dB is required relative a new PUCCH format having the PUSCH structure.

For UEs that are not power limited, power boosting or repetitions in the frequency domain (i.e. use of multiple PRB pairs) can apply as is subsequently discussed. For UEs that are power limited, such as indoor UEs transmitting PUCCH to a macro-cell, either HARQ-ACK bundling or time domain repetitions (as for PUCCH format 1a/1b) can be used. Note that PDSCH transmissions to such UEs need not experience a large path-loss as they can be from indoor small cells.
Cell Domain Bundling

For a FDD system, HARQ-ACK cell domain bundling can apply in addition to spatial domain bundling. The applicability of cell domain bundling is more suitable for eCA, relative to conventional CA, for two reasons. First, after spatial domain bundling, the maximum HARQ-ACK payload for eCA is ~6 times larger than the maximum HARQ-ACK payload for legacy CA. Second, unlike CA, for eCA and groups of cells on unlicensed bands, PDSCH reception outcomes can be highly correlated among cells in a group of cells as corresponding interference can be highly correlated.

Whether cell domain bundling can be functional for eCA will also depend on whether a cell domain DAI field is included in DL DCI formats. If so, a UE can determine cells with no PDSCH transmission in a subframe and exclude them from generation of respective HARQ-ACK information. As discussed in [4], a cell domain DAI can be beneficial in scaling the HARQ-ACK payload according to actual PDSCH transmissions to a UE, instead of the number of configured cells to the UE and, in addition to enabling cell domain bundling, it can allow overhead reductions when HARQ-ACK is multiplexed with data in a PUSCH or reductions in power consumption and interference, without modifying existing TBCC decoder architectures, when HARQ-ACK is transmitted in a PUCCH. 
Observation 2: Cell domain HARQ-ACK bundling can avoid limitations in a number of DL cells with PDSCH transmissions in a subframe to a UE with low UL SINR in eCA. 
Observation 3: Cell domain DAI in DL DCI formats enables HARQ-ACK cell domain bundling as a consequence of enabling HARQ-ACK payload determination according to the number of PDSCHs transmitted to a UE in a subframe.
Time Domain Bundling

For a TDD system, another dimension is time domain bundling. A well known problem with time domain bundling is the error event occurring when a UE fails to detect a last DL DCI format within a bundling window for a cell. One solution to this problem is the inclusion of a last DL grant indicator (LDI) field that indicates whether the DL DCI format is the last one within a bundling window for a cell (or, equivalently, whether there is a DL DCI format transmission in a next subframe within the bundling window for the cell) [5]. However, the using a single bit to indicate presence of a subsequent DL DCI format is not sufficient to meet a required reliability (e.g. the UE can miss two last DL DCI formats with probability of ~1e-4) and using 2 bits is preferable (assuming that spatial domain bundling always applies when time domain bundling applies). Also, a more appropriate name for such field is ‘forward DL assignment indicator (FDI)’. One drawback for the functionality of the FDI field is that the eNB scheduler needs to commit that it will not transmit or that it will transmit DL DCI format(s) to the UE in the next subframe(s) of the bundling window. However, as the eNB scheduler knows the buffer status for the UE (and for other UEs), it is relatively simple to predict whether or not the UE will be scheduled in next subframe(s) of the bundling window. 
A combination of time domain bundling and cell domain bundling can provide significant reductions for a maximum HARQ-ACK payload that can be up to 128 bits in case of only spatial domain bundling. Such HARQ-ACK payloads are not practically possible to support for many UEs in a cell particularly when HARQ-ACK needs to be multiplexed with data in a PUSCH. For example, for a HARQ-ACK codeword of 128 bits, a BLER of 1% requires an SINR of ~6.5 dB (EPA3, 1Tx/2Rx, 1/3 TBCC, SRS multiplexing) for HARQ-ACK transmission in PUCCH using the PUSCH structure and therefore requires ~11.3 dB when multiplexed with data in a PUSCH over 1 PRB pair. Although assigning more PRB pairs, such as 20 PRB pairs, to a PUSCH implicitly increases the PUSCH transmission power (based on the PUSCH power control formula) by 13 dB and also increases the REs for HARQ-ACK multiplexing for a same data TBS by decreasing the data MCS (PSD per RE remains the same), UL BW utilization becomes suboptimal as the data TBS (e.g. for SPS or for TCP-ACKs) could be supported with PUSCH transmission in 1 PRB pair. Moreover, a UE experiencing a large path-loss may not be able to apply a transmission power boost in the order of 10 dB and the supportable data MCS may already be small.
In general, despite the throughput loss that can exceed 10% (depending on the bundling window size), time domain bundling can be necessary in order to enable DL scheduling over a large number of carriers to a UE experiencing a low UL SINR.

Observation 4: Similar to cell domain bundling, time domain bundling can be beneficial for power limited UEs in eCA, particularly for HARQ-ACK transmission with data in a PUSCH. 
Observation 5: A DAI field indicating whether there are additional DL DCI formats transmitted within a bundling window for a cell can enable time domain bundling. 

2.2 Repetitions in Frequency Domain or Time Domain
Repetitions in the frequency domain, by allocating more than 1 PRB pair for a HARQ-ACK or P-CSI transmission in a PUCCH, reduce an effective code rate and are beneficial in transmitting large HARQ-ACK or P-CSI payloads. Repetitions in the frequency domain are also beneficial for UEs that are not power limited and experience low UL SINR. For example, for PUCCH transmission to a small cell where UL resource utilization is not full, it is preferable to use multiple PRBs to reduce a code rate rather than increase the power both because, for a large code rate, reducing it for example in half is preferable to doubling a transmission power and because increase interference is avoided. In general, it can be up to an eNB to configure to a UE a number of PRB pairs for transmitting a new PUCCH format and adjustments can be made either explicitly in case of HARQ-ACK (through the HARQ-ACK resource indication field in the DL DCI format) or implicitly (based on the HARQ-ACK payload). 
Observation 6: To account for a wide range of HARQ-ACK and/or P-CSI payloads and of UE SINRs, a number of PRB pairs for a non power limited UE to transmit a new PUCCH format can be variable. 

Repetitions in the time domain can be considered for a power limited UE in order to avoid DL throughput loss (for the cell and possibly for the UE) associated with HARQ-ACK bundling and to support large P-CSI payloads as the gains from channel estimation over multiple subframes and the larger coding gains can result to significant efficiencies compared to transmission of single-cell P-CSI reports per subframe. Time domain repetitions of HARQ-ACK or P-CSI transmissions can follow similar principles as in Rel-12 or in Rel-13 MTC. 

Observation 7: Time domain repetitions to support larger HARQ-ACK payloads or multi-cell P-CSI reports can provide significant system level or link level gains over bundled HARQ-ACK payloads or over single-cell P-CSI reports for power limited UEs. 

3 Conclusions

This contribution considered coverage enhancements for HARQ-ACK transmissions for a UE configured with eCA operation. In particular, the following observations are made.

Observation 1: It is beneficial to enable configuration to a UE of HARQ-ACK spatial domain bundling also for new PUCCH format(s). 

Observation 2: Cell domain HARQ-ACK bundling can avoid limitations in a number of DL cells with PDSCH transmissions in a subframe to a UE with low UL SINR in eCA. 
Observation 3: Cell domain DAI in DL DCI formats enables HARQ-ACK cell domain bundling as a consequence of enabling HARQ-ACK payload determination according to the number of PDSCHs transmitted to a UE in a subframe.
Observation 4: Similar to cell domain bundling, time domain bundling can be beneficial for power limited UEs in eCA, particularly for HARQ-ACK transmission with data in a PUSCH. 
Observation 5: A DAI field indicating whether there are additional DL DCI formats transmitted within a bundling window for a cell can enable time domain bundling. 

Observation 6: To account for a wide range of HARQ-ACK and/or P-CSI payloads and of UE SINRs, a number of PRB pairs for a non power limited UE to transmit a new PUCCH format can be variable. 

Observation 7: Time domain repetitions to support larger HARQ-ACK payloads or multi-cell P-CSI reports can provide significant system level or link level gains over bundled HARQ-ACK payloads or over single-cell P-CSI reports for power limited UEs. 

Based on the above observations, the following are proposed.
Proposal 1: Support cell domain and time domain HARQ-ACK bundling for eCA operation.
Proposal 2: Support repetitions of HARQ-ACK transmission in the frequency domain and in the time domain for eCA operation.
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