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1. Introduction
From the e-mail discussion [71-10] about FFS aspects of PUCCH resource allocation for TDD EPDCCH, following issues were discussed, 
1) Necessity of large value offset for TDD EPDCCH

2) ARO bits usage if DAI>1 and UE is configured with PUCCH format 3
3) PUCCH resource reservation for EPDCCH monitoring subframes within the same bundling window.
These issues have not reached consensus. In addition, a PUCCH resource ambiguity issue for partially/fully overlapped EPDCCH sets was not discussed yet. In this contribution, we share our views on these remaining issues. 
2. Remaining issues of PUCCH resource allocation in TDD-EPDCCH 
In RAN1 #71 meeting, introducing ARO (ACK/NACK resource offset) in EPDCCH-PUCCH resource allocation was agreed. The main motivation of introducing ARO in EPDCCH-PUCCH resource allocation is for PUCCH resource compression using overlapping of PUCCH resource region for different EPDCCH sets [1]. For TDD case, it is desirable to use small value offset to overlap with the PUCCH resource of a different EPDCCH set. In our understanding, the motivation of introducing a large value offset for the PUCCH resource is to compress the PUCCH resource region for EPDCCH non-monitoring subframe. Same operation could be done by skipping packing the non-monitoring subframe which is related to our Proposal 3. Furthermore, it was agreed that the ARO values are not RRC configurable. If we agree that the large value offsets for shifting between subframe, the large value offsets even for the case of EPDCCH monitoring all subframes within bundling window could be meaningless. So our preference of ARO values for TDD-EPDCCH is the same values for FDD case. 

Proposal 1: The FDD ARO values should be used for TDD-EPDCCH.

The second issue for TDD EPDCCH is about the usage of ARO bits when DAI>1 and UE is configured with PUCCH format 3. The explicit ARO field is added for all DCI formats, but the PCell at least requires ARO with DAI=1, so the incremental benefit of virtual CRC for DAI > 1 may be negligible. On the other hand, the ARO field for DAI > 1 can be used as ARI to indicate a PUCCH Format 3 resource, thereby, restoring the TPC field to its original function of accumulating power control commands. 
Proposal 2: ARO field with DAI>1 in PCell as ARI field for PUCCH format 3.
The third issue is about PUCCH A/N resource reservation for EPDCCH monitoring subframes within the same bundling window. When the PUCCH A/N resources of multiple DL subframes for TDD-EPDCCH are stacked in single UL subframe, the PUCCH resource of EPDCCH non-monitoring subframe may not be stacked with the PUCCH resources of other EPDCCH subframes for efficient resource utilization. In case different UEs are configured to monitor different number of DL subframes, ARO could handle the PUCCH collisions. In addition, at least in the case that EPDCCH monitoring operation is cell-specific, the UEs should skip the stacking PUCCH resource for those subframes. 
Proposal 3: For EPDCCH non-monitoring subframe, the PUCCH resource stacking for the subframe should be excluded. At least in the case that EPDCCH monitoring operation is cell-specific, the UEs should skip the stacking PUCCH resource for those subframes.
2.1. Ambiguity in determining PUCCH resource
When EPDCCH sets of the same type are (fully or partially) overlapped and a UE detects DL assignment at an ECCE in the overlapping region, there is an ambiguity that UE cannot know the EPDCCH set which the detected DL assignment belongs to. Figure 1 shows the ambiguity for the PUCCH resource mapping in overlapping EPDCCH sets. To resolve the ambiguity, a PUCCH resource mapping rule is needed. When eNB configures same type EPDCCH sets to an UE, if different scrambling sequence for each EPDCCH set could be configured, the ambiguity issue can be resolved. However, if same scrambling sequence for two EPDCCH sets is configured (without VCID), the ECCE in overlapping region could be always considered in the EPDCCH set with lower set index and the PUCCH resource of the ECCE in overlapping region could be always mapped to the PUCCH region of the EPDCCH with lower set index. 
Proposal 4: If an ECCE is in overlapping region and same scrambling sequence is configured for two EPDCCH sets, the ECCE in overlapping region could be always considered in the EPDCCH set with lower set index.


[image: image1.emf]Semi-static 

offset for 

EPDCCH 

set 1

Semi-static 

offset for 

EPDCCH 

set 2

Ambiguity

EPDCCH 

set 1

EPDCCH 

set 2

PUCCH resource region

An ECCE in 

overlapping 

region


Figure 1. PUCCH resource ambiguity for overlapping EPDCCH sets
3. Conclusion
This contribution discussed on remaining issues on HARQ-ACK in EPDCCH. The following proposals were made:

Proposal 1: The FDD ARO values should be used for TDD-EPDCCH.

Proposal 2: ARO field with DAI>1 in PCell as ARI field for PUCCH format 3.

Proposal 3: For EPDCCH non-monitoring subframe, the PUCCH resource stacking for the subframe should be excluded. At least in the case that EPDCCH monitoring operation is cell-specific, the UEs should skip the stacking PUCCH resource for those subframes.
Proposal 4: If an ECCE is in overlapping region and same scrambling sequence is configured for two EPDCCH sets, the ECCE in overlapping region could be always considered in the EPDCCH set with lower set index.
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