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1 Introduction

Enhancements for Carrier Aggregation (CA) to support up to 32 cells were endorsed in [1]. One of the primary objectives is for UL control signaling enhancements, including enhancements to support UCI feedback for up to 32 DL carriers and to support UCI feedback on PUSCH for up to 32 DL carriers. 
In the RAN1#80 meeting, further discussion was made and we have following observations:
Observations:

· For possible enhancements to UL control signaling to PUCCH formats and UCI on PUSCH,

· At least the following enhancements to PUCCH and PUSCH feedback formats could be considered in order to support the increase in UL control information based for the 36.300 CA deployment scenarios:

· The studies should take the effect on DL throughput and UL operation points into account

· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· Details FFS including but not limited to

· Supported payload size(s)

· Channel coding

· Detailed structure of the new format

· PUCCH format selection including fallback operation

· Enhancements on UCI transmission on PUSCH      

· Details FFS including but not limited to       

· Supported payload size[s]

· Channel coding and resource element mapping

· Extension of the PUCCH-on-SCell mechanisms for Rel. 12 CA configurations to Rel.13 CA configurations for UL CA capable UEs.

· Enhancements to PUCCH resource allocation/selection

The large number of aggregated cells can lead to a significant increase of payload size for HARQ-ACK feedback. This contribution considers whether HARQ-ACK payload compression/reduction is needed and the possible impact this may have.
2 HARQ-ACK Payload Size Reduction
In Rel-12, the HARQ-ACK payload is determined based on the number of configured cells (and the configured TM unless spatial bundling is used) for both FDD and TDD. For TDD and for transmission in the PUCCH, the HARQ-ACK payload is further dimensioned by the bundling window size while for transmission in the PUSCH it is dimensioned by the value of the UL DAI. Considering the number of configured cells and not the number of activated or scheduled cells can result in inclusion in the HARQ-ACK payload of HARQ-ACK bits that do not provide any information. This does not have a significant degrading effect in Rel-12 as, for HARQ-ACK transmission in the PUCCH, the main impact is that dual RM may be used when single RM would have been sufficient (TDD-only), while for HARQ-ACK transmission in the PUSCH, more REs than necessary may need to be reserved but this is contained by the fact that the maximum number of configured cells is limited to 5 (although, even in Rel-12, this can result in unavailability of required REs, especially in TDD). However, for a large number of configured cells such as up to32 cells, coding and/or resource inefficiencies in the PUCCH or PUSCH are increased and the respective impacts need to be further considered.  

Observation 1: Rel-12 HARQ-ACK payload determination needs to be re-considered for Rel-13 CA and removal of HARQ-ACK bits that do not provide information can be beneficial.  

3 Possible Solution and Resulting Impacts
The feasibility of HARQ-ACK payload reduction lies on the fact that considerable number of configured cells of a UE may be deactivated or not scheduled, and there may be some non-scheduled DL subframes within a same bundling window on scheduled TDD cells. In Rel-12, for a TDD system, if PUCCH format 3 is configured and the UE feeds back HARQ-ACK through PUSCH, the DL DAI is used to indicate the accumulative number of PDSCH up to the current downlink subframe within the bundling window and the UL DAI in the UL Grant scheduling the PUSCH in which the HARQ-ACK bits are fed back is used to determine the maximum number of PDSCHs that have been scheduled within the bundling window among all cells. For SPS PUSCH, HARQ-ACK feedback is for all configured cells and for all subframes of the bundling window. Combining the information carried by DL DAI and UL DAI UE can identify non-scheduled DL subframes but respective HARQ-ACK bits are still included as the HARQ-ACK feedback is for all configured cells and the UL DAI is dimensioned according to the cell having the most scheduled subframes in the bundling window [2]. To avoid including HARQ-ACK feedback for non-scheduled cells for FDD and for both non-scheduled cells and non-scheduled subframes in TDD, a DAI capturing the cell dimension (cell-domain DAI) is needed.
Observation 2: Cell domain DAI can reduce the HARQ-ACK payload and reduce HARQ-ACK overhead in the PUCCH or PUSCH.  
Cell Domain DAI in FDD

In case all aggregated cells use FDD or the reference configuration for HARQ-ACK feedback uses FDD, the array of DL subframes across all configured cells can be regarded as a bundling window in the frequency domain, similar to the bundling window in the time domain for TDD system, and the order of DL subframes within the bundling window can be decided according to the respective cell index. The fundamental objective for HARQ-ACK payload size reduction is to identify DL subframes for which the UE fails to detect the DL assignment. For this objective at least 2 bits are needed for a cell-domain DL DAI where, as for TDD, the value of DL DAI should be interpreted as the accumulated number of PDSCH from first DL subframe up to the current DL subframe within the cell domain bundling window, as indicated in Figure 1. The 2 bits of DL DAI suffice for the UE to be able to identify that it failed to detect at most 3 contiguous DL assignments. An error event occurs if the UE fails to detect 4 consecutive DL assignments for which the probability is 1e-8 or less and this is acceptable. An error event also occurs when the UE fails to detects DL assignments for cell indexes larger than the largest cell index for which the UE detected a DL assignment. 
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Figure 1 Cell Domain Bundling Window

Different from the bundling window in the time domain, the transmission mode corresponding to DL subframes within the cell domain bundling window can be different in the number of supported code words. This will lead to an ambiguity on the number of HARQ-ACK bits (one or two) for the missed DL assignment if spatial bundling for HARQ-ACK bits is not applied. As shown in Figure 1, if the value of the cell-domain DL DAI is interpreted as the number of PDSCHs, then the DL DAI value of subframe 3 should be 3. In this case, the UE can only identify that one DL assignment is missed but cannot confirm how many code words are missed as the transmission modes of subframe 1 and subframe 2 are different. This issue can be resolved by mandating spatial domain bundling. 
The other issue to solve is the error event that occurs when the UE fails to detects DL assignments for cell indexes larger than the largest cell index for which the UE detected a DL assignment. For HARQ-ACK transmission in a PUSCH, using a cell-domain UL DAI can solve this issue. However, this is only a partial solution as it does not solve the cases of HARQ-ACK transmission in a PUSCH on in a SPS PUSCH. Further study is needed on this issue.
Observation 3: Cell-domain DAI has the potential to reduce the HARQ-ACK payload size and avoid transmission of HARQ-ACK information bits that do not convey any actual information.
Cell Domain DAI in TDD
In case all aggregated cells are TDD or the reference configuration for HARQ-ACK feedback is TDD, a time-frequency bundling window can be defined to represent the set of subframes of which the HARQ-ACK bits are fed back in the same uplink subframe, as shown in Figure 2. DL subframes within the bundling window can be ordered along frequency direction first and then the time direction. The value of the DL DAI can count contiguously across all DL subframes within the time-frequency bundling window. The same issue as for TDD regarding the UE missing last DL assignments also needs to be addressed for HARQ-ACK transmission in a PUCCH or in a SPS PUSCH.
Observation 4: Indexing scheduled PDSCH first across the cell domain and then across the time domain provides an effective reduction for the HARQ-ACK payload in TDD.
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Figure 2 Time-Frequency Bundling Window
4 Conclusions

This contribution considered HARQ-ACK payload size reduction for Rel-13 CA. In particular, the following observations are made.

Observation 1: Rel-12 HARQ-ACK payload determination needs to be re-considered for Rel-13 CA and removal of HARQ-ACK bits that do not provide information can be beneficial.  
Observation 2: Cell domain DAI can reduce the HARQ-ACK payload and reduce HARQ-ACK overhead in the PUCCH or PUSCH.  

Observation 3: Cell-domain DAI has the potential to reduce the HARQ-ACK payload size and avoid transmission of HARQ-ACK information bits that do not convey any actual information.
Observation 4: Indexing scheduled PDSCH first across the cell domain and then across the time domain provides an effective reduction for the HARQ-ACK payload in TDD.
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