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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 this contribution, we consider dynamic PUCCH format adaptation as a way to restrict the increase in PUCCH overhead due to larger number of aggregated carriers, together with dynamic determination of HARQ-ACK codebook. Additionally, we discuss the possibilities to extend the use of PUCCH Format 3.
2 
Discussion on dynamic PUCCH format adaptation
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. However, 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 can contain two aspects: dynamic adaptation of PUCCH Format 4 resources and dynamic selection of used PUCCH format. 
In [3], we presented simulation results for the new PUCCH Format 4. The results show that for a certain payload, a larger coverage can be supported simply with a wider PRB allocation in interference limited cases. Vice versa, a narrower PRB allocation can be sufficient when UCI payload is reduced e.g. by dynamic HARQ-ACK codebook determination. Further, multiple bandwidth options can be supported for the new PUCCH Format 4 with a reasonable specification and implementation effort. So, adjusting the number of PRBs used by the PUCCH Format 4 together with the dynamic HARQ-ACK codebook determination provides a mechanism to achieve efficient PUCCH resource usage. Hence we see that UE could be configured with a set of PUCCH Format 4 resource configurations, containing PRB allocations with different number of PRBs, and eNB would simply indicate the selected PUCCH Format 4 configuration to the UE in the DL assignments. 
Dynamic HARQ-ACK codebook determination may frequently lead to codebook sizes that can be carried by PUCCH Format 3. Additionally, PUCCH Format 3 supports multiplexing of multiple UEs on the same PRB, which is a resource efficient approach for relatively low UCI payloads. Hence we see that dynamic selection of PUCCH format between PUCCH Format 3 and Format 4 can significantly improve efficiency on the PUCCH resource usage. 

In Releases 10-12, ARI signaling utilising PUCCH TPC command field in a SCell DL assignment is used to dynamically select the PUCCH resource for the PUCCH Format 3. We see that ARI signaling mechanism could be extended to cover also dynamic selection of both PUCCH format and resource from a set of higher layer configured PUCCH format and resource combinations. 
Based on the discussion, we propose:  

Proposal #1: Dynamic selection between PUCCH Format 3 and the new PUCCH format is supported for an UE configured with the new PUCCH format. 
Proposal #2: ARI signaling is used to support selection of a combination of PUCCH format and resource.

· Number of PRBs can be configured separately for each PUCCH Format 4 resource configuration

The proposals mean that ARI signaling would be used to select between PUCCH Formats (Format 3 or 4), PUCCH resources for both formats, as well as potentially between different number of PRBs for PUCCH Format 4. Current ARI signaling supports 4 states. On the other hand, as an UE may receive a considerable number of SCell DL assignments when configured with a PUCCH Format 4 resource, we see that ARI signalling space could be enhanced to support selection from a larger set of configured options than currently specified. Additionally, this can be achieved without a need to impose scheduling restrictions or increasing the PUCCH TPC field size in SCell DL assignments.
In the enhanced ARI signalling, PUCCH TPC fields on SCell DL assignments may carry two different ARI values. UE then concatenates the two ARI values into a single 4-bit ARI signalling value. UE determines the right concatenation order of ARI values by comparing the different ARI values: 
· ARI value larger than or equal to the other ARI value defines 2 least significant bits on the concatenated ARI signaling. 
· ARI value smaller than or equal to the other ARI value defines 2 most significant bits on the concatenated ARI signaling. 
This is illustrated on Figure 1. As the concatenation order is determined based on the ARI values themselves, ARI signaling enhancement does not impose any scheduling restrictions. Additionally, if eNB schedules UE only on few SCells, eNB can signal the same ARI value on all SCell DL assignment PUCCH TPC fields to achieve sufficient reliability for ARI signaling – equal to the current ARI signaling reliability.      
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Figure 1. Illustration on the concatenation of two ARI field values into enhanced 4-bit ARI signaling value.

Due to the concatenation rules, 4-bit ARI signaling cannot support full set of 16 signaling values. Nevertheless, it can support 10 values. These values are illustrated in Table 1, with examples on the possible PUCCH format and resource combinations that could be indicated. We see that ARI signaling capable of indicating 10 different PUCCH format and resource combinations is sufficient to support dynamic PUCCH format adaptation, and hence we propose:   
Proposal #3: ARI signaling is enhanced to 4-bit ARI signaling:
· Scheduled SCell PUCCH TPC command fields may signal 2 different ARI values
· 2-bit ARI values on SCell PUCCH TPC command fields are concatenated into 4-bit ARI signaling with rules:
· ARI value larger than or equal to the other ARI value defines 2 least significant bits of 4-bit ARI signaling 
· ARI value smaller than or equal to the other ARI value defines 2 most significant bits of 4-bit ARI signaling
Table 1. Mapping of 'TPC command for PUCCH' field values on SCell DL assignments to the concatenated ARI signaling values.
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3
Extending the use of PUCCH Format 3
Also the capabilities of PUCCH format 3 should be fully utilized to achieve efficient use of PUCCH resources. The use of PUCCH Format 3 can be extended to support multiple periodic CSI reports as well as to support HARQ-ACK feedback for a larger number of DL cells via a FDD PUCCH cell (i.e. FDD PCell or SCell with PUCCH) than currently specified. The extensions can be achieved with rather simple specification changes. For example, simply by allowing the use of 22 bit payload and by introducing spatial bundling of HARQ-ACK feedback on a FDD PUCCH cell, PUCCH Format 3 can be extended to support HARQ-ACK feedback up to 21 carriers on a FDD PUCCH cell. This means significant increase in the usability of PUCCH format 3 in CA enhancement beyond 5CCs. Of course, the use of these mechanisms should be configurable by the network.
Proposal #5: PUCCH Format 3 use is extended to support HARQ-ACK reporting for more than 5 carriers as well as periodic CSI reporting for multiple serving cells.
Proposal #6: Spatial bundling of HARQ-ACK feedback, enabled/disabled by higher layer signalling, is supported for HARQ-ACK reporting on FDD PUCCH cells.
4
Conclusions 
In this contribution, we discuss the necessary enhancements for HARQ-ACK feedback, and consider in particular dynamic PUCCH format adaptation and enhancements to the PUCCH Format 3 usage. Based on the discussion, the following proposals can be summarized: 
On dynamic adaptation of PUCCH format:

Proposal #1: Dynamic selection between PUCCH Format 3 and the new PUCCH format is supported for an UE configured with the new PUCCH format. 
Proposal #2: ARI signaling is used to support selection of a combination of PUCCH format and resource.

· Number of PRBs can be configured separately for each PUCCH Format 4 resource configuration

Proposal #3: ARI signaling is enhanced to 4-bit ARI signaling:
· Scheduled SCell PUCCH TPC command fields may signal 2 different ARI values
· 2-bit ARI values on SCell PUCCH TPC command fields are concatenated into 4-bit ARI signaling with rules:
· ARI value larger than or equal to the other ARI value defines 2 least significant bits of 4-bit ARI signaling 
· ARI value smaller than or equal to the other ARI value defines 2 most significant bits of 4-bit ARI signaling
On PUCCH Format 3 use and spatial HARQ-ACK bundling: 

Proposal #5: PUCCH Format 3 use is extended to support HARQ-ACK reporting for more than 5 carriers as well as periodic CSI reporting for multiple serving cells.
Proposal #6: Spatial bundling of HARQ-ACK feedback, enabled/disabled by higher layer signalling, is supported for HARQ-ACK reporting on FDD PUCCH cells.
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