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Discussion and Decision
1
Introduction
Work Item “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” targets at as the second objective on enhancing carrier aggregation framework to support up to 32 component carriers. Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers was identified in the WID [1] as one of the items for the second WI objective. The enhancements may include enhancements to UE HARQ-ACK reporting and feedback procedure. In RAN1#82 [2], it was agreed that HARQ-ACK codebook size is dynamically determined. In RAN1#82bis, it was agreed that:  

· For the PUSCH-like new PUCCH format,

· At least when ARI is available, PUCCH resource is indicated by ARI.

· 2-bit ARI indicates one of the PUCCH resources configured by higher-layers.
· For both FDD and TDD, configure 4 PUCCH resources for whichever of the new PUCCH formats is configured, indicated by ARI
· In case of the PUSCH-like format, each PUCCH resource may comprise a different number of PRBs
FFS which ARI applies in case of payload size changing during bundling window with TDD.

· At least for FDD, for the Rel-13 UE configured to transmit up to more than 22 HARQ-ACK bits with a dynamic codebook configuration (i.e., the maximum possible codebook size is more than 22 bits) in a subframe, 

· Dynamic adaptation between PUCCH format 3 and one of the new PUCCH formats is supported for the actual HARQ-ACK transmission
In this contribution, we consider dynamic PUCCH format adaptation and present our views on the adaptation mechanism between PUCCH Format 3 and PUCCH Format 4 or 5.
2 
Discussion
One of the main motivations for dynamic HARQ-ACK codebook determination is the potential to restrict the increase in PUCCH overhead due to larger number of aggregated carriers. Dynamic PUCCH format adaptation is also needed to actually realize the potential PUCCH overhead benefits from dynamic HARQ-ACK codebook determination. Dynamic PUCCH format adaptation contains two aspects: dynamic adaptation of PUCCH Format 4 resources, including number of PRBs, and dynamic selection of used PUCCH format. 
In RAN1#82bis it was agreed that UE can be configured with a set of PUCCH Format 4 resource configurations, containing PRB allocations with different number of PRBs, and eNB can simply indicate the selected PUCCH Format 4 configuration to the UE in the DL assignments. It was also agreed that ARI signaling mechanism is used for PUCCH Format 4 or 5 resource selection from a set of higher layer configured PUCCH resources. 
However, it remained for further studies which ARI applies in case of payload size changing during bundling window with TDD. There are 3 cases:

· ARI signalling is not allowed to be changed during the subframe bundling window.
· eNB may need to change the selected PUCCH Format 4 resource to a larger one during the subframe bundling window if the UE is scheduled on a larger number of cells and/or subframes than eNB expected at the beginning of subframe bundling window. One can assume that after the eNB changes the selected PUCCH Format 4 resource to a larger one, several SCells will still be scheduled to the UE. Hence, the changed ARI value will be included on multiple DL assignments, and sufficient reliability on ARI can be achieved. 
· In the case of dynamic changing of the selected PUCCH Format 4 resource to a smaller one it is questionable that UE would in all cases still receive multiple DL assignments containing the changed ARI value. Hence, the reliability of ARI signalling is not clear. However, we do not see this direction of resource change as important as the opposite direction and, hence, we do not see that this case needs to be reliably supported in all situations.
Based on the discussion, we see that ARI may change between the subframes even within the subframe bundling window, and UE applies the last received ARI. It is left for eNB implementation to ensure that the valid ARI is reliably signalled to UE.
Proposal #1: ARI may change between the subframes within the subframe bundling window, and UE applies the last received ARI.
In [3], we proposed that ARI signalling is extended to cover dynamic selection of both PUCCH format and PUCCH resource. Unfortunately, RAN1#82bis agreements exclude this possibility. Other presented alternatives include PUCCH format selection based on actual payload, PUCCH format selection based on scheduled carriers, or via explicit indication in DCI. From the remaining alternatives, we see that PUCCH format selection based on actual payload can provide a reasonably flexible and reliable mechanism. 
However, it is important that the PUCCH format switching point in terms of payload is configurable. For example, eNB may have configured PUCCH Format 4 or 5 for an UE requiring low coding rate. In the case that the PUCCH format switching point is predetermined in specifications, the coding rate in PUCCH Format 3 may be too high for reliable HARQ-ACK feedback. Alternatively, if the switching point is predetermined in specification sufficiently low for an UE with macro PUCCH and challenging radio conditions, the PUCCH format selection is inefficient for an UE with small cell PUCCH and favourable radio conditions.
In particular, we see that in PUCCH format selection between PUCCH Format 3 and the configured new PUCCH format:
· PUCCH format is selected based on the whole UCI payload containing HARQ-ACK feedback, as well as potential SR, CQI, RI, and PMI.
· PUCCH format selection is controlled by UE-specific RRC parameter determining the PUCCH format switching point in terms of payload. The RRC parameter determines the maximum payload for PUCCH Format 3. In this way, single parameter is sufficient to control PUCCH format selection for both PUCCH Format 4 and Format 5, as well as for PUCCH Format 4 configurations with different number of PRBs. 
· Once PUCCH format is selected, ARI is applied to select correct PUCCH resource.
· Attention is needed for the case when HARQ-ACK and multi-cell periodic CSI reports coincide, and especially which PUCCH resource to use (the resource determined for HARQ-ACK or the resource configured for periodic CSI?), and how to define a maximum number of CSI + HARQ-ACK/SR bits transmitted. We discuss this in more detail in [4]. Correspondingly, we propose that

· From the PUCCH resources (the resource for HARQ-ACK or the resource for periodic CSI), the resource with larger supported payload is used.   
· Once the correct PUCCH format and resource is selected, the resulting coding rate is inspected and if the coding rate exceed the maximum supported coding rate configured for the PUCCH resource, some of the CSI is dropped. 
Proposal #2: Dynamic selection between PUCCH Format 3 and the configured new PUCCH format is based on comparing the determined UCI payload against a maximum payload on PUCCH Format 3, configured by an UE-specific RRC parameter. 
3
Conclusions 
In this contribution, we discuss the necessary enhancements for HARQ-ACK feedback, and consider in particular dynamic PUCCH format adaptation. Based on the discussion, the following proposals can be summarized: 
Proposal #1: ARI may change between the subframes within the subframe bundling window, and UE applies the last received ARI.
Proposal #2: Dynamic selection between PUCCH Format 3 and the configured new PUCCH format is based on comparing the determined UCI payload against a maximum payload on PUCCH Format 3, configured by an UE-specific RRC parameter. 
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