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1 Introduction

Enhancements for Carrier Aggregation (CA) to support up to 32 cells were endorsed in [1] with the following primary objective for RAN1:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
1. Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signaling formats to support UCI feedback for up to 32 DL carriers 
2. Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signaling formats on PUCCH defined for Rel-12 CA configurations [RAN1 until RAN#68].

This contribution considers necessary enhancements for supporting HARQ-ACK transmission in a PUCCH or in a PUSCH from a UE configured with up to 32 DL cells. 

2 HARQ-ACK Transmission
Before discussing particular enhancements to the Rel-12 methods for a UE to transmit HARQ-ACK, the maximum HARQ-ACK payload introduced in [1] should be identified. The WID in [1] also allows for HARQ-ACK transmission in a PUCCH of a SCell. With perfect balancing of the HARQ-ACK payload between the PCell and the SCell where a UE is also configured to transmit PUCCH, it could be argued that if a UE configured with 32 DL cells needs to support a maximum HARQ-ACK payload of 2N bits, N bits can be transmitted in the PCell and N bits can be transmitted in the SCell. However, such a balancing can be unrealistic in practice. In one typical situation, the UE can be connected to a macro cell that maintains the RRC connection, provides mobility support, and serves as PCell and be connected to a small cell, potentially at a different operating frequency, where a much larger bandwidth can be available. Having half of the HARQ-ACK payload for every UE be supported by PUCCH transmissions to the PCell will simply overload the PCell and actually act against the reasons for introducing PUCCH support on a SCell for a UE configured with CA. Additionally, it is not clear whether a UE configured with up to 32 DL cells needs to have as a mandatory feature the support of PUCCH transmission on both the PCell and a SCell although this is more reasonable to assume for the network capability. Therefore, enhancements to HARQ-ACK transmission should consider that a UE shall be able to transmit HARQ-ACK for nearly 32 DL cells in a same PUCCH. For simplicity, and to decouple for a UE the features of supporting up to 32 DL cells and of supporting PUCCH on the PCell and on a SCell, the designs can consider that a UE shall support HARQ-ACK on a single PUCCH or on a single PUSCH for up to 32 DL cells.

Proposal 1: For enhancements of HARQ-ACK transmission from a UE, the UE should be capable to transmit HARQ-ACK for up to 32 DL cells in a single PUCCH or in a single PUSCH.

2.1 PUCCH
Having established the maximum number of DL cells for which the UE needs to transmit HARQ-ACK in a single PUCCH or a single PUSCH, the next step is to determine the respective maximum HARQ-ACK payload. Theoretically, this occurs when the UE is configured with a PDSCH transmission mode supporting 2 data transport blocks, the UE operates with TDD and the DL reference configuration is UL/DL configuration 5. Then, the maximum HARQ-ACK payload is 2 x 9 x 32 = 576 bits. Clearly, this is excessive. If spatial domain bundling applies, the HARQ-ACK payload is 288 bits which is also excessive considering that a target BLER of 1% or less. Time domain bundling can be re-considered but, as discussed and evaluated during Rel-10, the associated cell throughout losses can exceed 10%. Cell domain bundling was not evaluated during Rel-10 but, as transmissions in different cells typically completely uncorrelated channels, the throughput losses are expected to be larger than for time domain bundling. 
As in Rel-10, a remedy is to place a limitation in the number of DL cells a UE can be configured when the DL reference UL/DL configuration is UL/DL configuration 5. Considering instead UL/DL configuration 2 or 4 as the DL reference UL/DL configuration and maintaining the use of spatial domain bundling, the maximum HARQ-ACK payload becomes 128 bits which is about 6 times larger than in Rel-10. Further restrictions can be envisioned in the allowable number of cells that can have a DL reference UL/DL configuration with a bundling window size of 4 subframes but further significant reductions in the maximum HARQ-ACK payload are not possible. This can also be seen from establishing a minimum lower bound for the HARQ-ACK payload in TDD. For example, if the DL reference UL/DL configuration is UL/DL configuration 1 (not possible with eIMTA) having a bundling window size of 2 subframes, and again considering spatial domain bundling, the HARQ-ACK payload is 64 bits or about 3 times larger than the Rel-10 one. If all cells use FDD and spatial domain bundling is applied, the maximum HARQ-ACK payload is 32 bits (~1.5x the Rel-10 one).
Observation 1: Use of time domain bundling or cell domain bundling are associated with significant cell throughput losses.

Observation 2: At least when most cells operate with TDD, the HARQ-ACK payload can be expected to be between 64 bits and 128 bits. 
In determining enhancements to UL channels that can support HARQ-ACK payloads in the range of 64-128 bits, there are (at least) two relevant aspects. First, PUCCH Format 3 has a capacity of 22 HARQ-ACK bits and a multiplexing capacity of 5 UEs (or 4 UEs if SRS transmission in the last subframe symbol is considered). In order to support an increase of the HARQ-ACK payload by a factor of ~3x to ~5x, a respective decrease in the multiplexing capacity should be considered leading to a multiplexing capacity of 1-2 UEs per PRB. Second, block codes begin to underperform convolutional codes for payloads above 20-30 bits and convolutional coding should be used if the maximum HARQ-ACK payload is above 22 bits up to approximately 128 bits (turbo codes may need to be considered for even larger payloads but this seems unlikely to be needed). An existing structure that can easily support the above aspects is the PUSCH structure using DFT-S-OFDM.

For HARQ-ACK payloads between ~23 to ~63 bits, a multiplexing capacity of 2 UEs per RB can be achieved while maintaining a sufficiently low code rate to provide the BLER target of 1% or less. Modifications to the PUCCH Format 3 structure or to the PUSCH structure are candidate approaches. 

For FDD, if spatial bundling always applies when the HARQ-ACK payload exceeds a number of bits, the HARQ-ACK payload can be always contained to less than or equal to 32 bits. A payload that exceeds 22 bits can be difficult to support as the code rate increases. If PUCCH Format 3 is to be maintained, some degree of cell-domain bundling may also be needed. Otherwise, FDD can follow the same approach as for TDD for HARQ-ACK payloads in the range of ~23 to ~63 bits. 

Observation 3: Two new PUCCH formats based on the PUSCH or PUCCH Format 3 can address a mid-range and a high range of additional HARQ-ACK payloads for TDD systems. Either PUCCH Format 3 or one of the two new PUCCH formats can be used for FDD. Convolutional coding can be used for the new HARQ-ACK payloads.
2.2 PUSCH

Support of large HARQ-ACK payloads in the PUSCH presents an even bigger challenge than in the PUSCH due to the more difficult link budget. For small RB allocations (e.g. SPS PUSCH or TCP ACKs), sufficient resources may not exist even for typical HARQ-ACK payloads encountered in Rel-10 CA [2]. It is noted that the existing selection rule for the PUSCH where the UE multiplexes HARQ-ACK does not consider any PUSCH attribute (PUSCH in cell with smallest index is selected) and it is therefore highly likely that HARQ-ACK needs to be multiplexed in a PUSCH with small RB allocation (e.g. SPS on PCell) and/or poor SINR. This also negates potential use of higher order modulations, such as QAM16, which anyway cannot provide a general solution although they may be used opportunistically to reduce UCI overhead in a PUSCH transmission (similar discussions occurred to using QAM16 to modulate A-CSI).
One direct approach would be to increase the number of PUSCH subframe symbols where HARQ-ACK can be multiplexed. In addition to the two symbols next to the DMRS in each slot, other symbols can also be used. However, this will also require changing the RI multiplexing and possibly puncturing information in the last symbol when the PUSCH transmission bandwidth overlaps with configured SRS transmission bandwidth. Such an approach will have significant specification and implementation impact and may not solve the problem of multiplexing large HARQ-ACK payload in the PUSCH.
Another direct approach that offers simplicity is to require a UE supporting configuration of a large number of DL cells to also support simultaneous PUCCH and PUSCH transmissions. Then, HARQ-ACK multiplexing in the PUSCH can be always avoided. This may limit deployment due to additional regulatory requirements and RF design complexity.
Another approach, since larger HARQ-ACK payloads than in Rel-10 should preferably use convolutional coding instead of RM coding or repetition coding, is to treat HARQ-ACK in the same manner as A-CSI. 

Observation 4: Multiplexing HARQ-ACK payloads larger than 22 bits in the PUSCH can be more challenging than in the PUCCH. Possible approaches include mandating that a UE supporting such HARQ-ACK payloads also supports simultaneous PUSCH and PUCCH transmissions or that HARQ-ACK is multiplexed in the PUSCH similar to A-CSI.
3 Conclusions

This contribution considered necessary enhancements for supporting HARQ-ACK transmission in a PUCCH or in a PUSCH from a UE configured with up to 32 DL cells. In particular, the following is proposed.

Proposal 1: For enhancements of HARQ-ACK transmission from a UE, the UE should be capable to transmit HARQ-ACK for up to 32 DL cells in a single PUCCH or in a single PUSCH.

In addition, the following observations are made.
Observation 1: Use of time domain bundling or cell domain bundling are associated with significant cell throughput losses.

Observation 2: At least when most cells operate with TDD, the HARQ-ACK payload can be expected to be between 64 bits and 128 bits. 
Observation 3: Two new PUCCH formats based on the PUSCH or PUCCH Format 3 can address a mid-range and a high range of additional HARQ-ACK payloads for TDD systems. Either PUCCH Format 3 or one of the two new PUCCH formats can be used for FDD. Convolutional coding can be used for the new HARQ-ACK payloads.

Observation 4: Multiplexing HARQ-ACK payloads larger than 22 bits in the PUSCH can be more challenging than in the PUCCH. Possible approaches include mandating that a UE supporting such HARQ-ACK payloads also supports simultaneous PUSCH and PUCCH transmissions or that HARQ-ACK is multiplexed in the PUSCH similar to A-CSI.
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