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1 Introduction
During the email discussion after RAN1#71 in the context of “[71-10] FFS aspects of PUCCH resource allocation for TDD”, the following three items were discussed:
· The definition of values for ARO for TDD
· Usage of ARO when DAI>1 and the UE is configured with PUCCH format 3
· Resource allocation in the case when UE is configured not to monitor EPDCCH in some of the subframes within the same bundling window
As the outcome of email discussions, the followings were agreed:

· It is agreed that the four ARO values are {[-2], [-1], 0, 2} (i.e. the values 0 and 2 are agreed).
· [The ARO bits are set to zero if DAI>1 and UE is configured with PUCCH format 3.]

· [The PUCCH resource allocation is based on all subframes.]

All the square-bracketed aspects will be revisited as corrections at RAN1#72, with the alternative proposals that have been made being treated equally with the square-bracketed parts of the CRs.
This contribution provides our views on the above remaining issues on PUCCH resource allocation for EPDCCH.

2  Discussions 
2.1 ARO values
For FDD, the following was agreed in RAN1#71:
For FDD, the PUCCH resource 
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 is the PUCCH resource offset associated with EPDCCH set with index ‘j’
Among the four ARO values, the values of 0 and 2 were also agreed as TDD ARO. Regarding the exact values for ARO, the other values than {-2, -1, 0, 2} would not so different in terms of blocking probability [1]. There would be another aspect on the occupied PUCCH resources but FDD ARO values {-2, -1, 0, 2} can benefit the best in terms of average number of occupied PUCCH resources [1]. Therefore, to determine the two remaining ARO values than {0, 2}, the values should have large offsets to compress PUCCH resource region, if needed [2].
In TDD, the following was agreed for the basic resource allocation method:

· For the case when UE is configured to monitor EPDCCH  in all the subframes within the same bundling window, in addition to the terms present in the resource determination formula for FDD, for TDD the PUCCH resource depends also on:
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     , where

· NeCCE,i,j  is equal to the number of eCCEs in subframe i in the EPDCCH set j configured for that UE, and
· m (0...M-1) is the relative index of the DL subframe of the PDSCH scheduled by EPDCCH
It means that the number of ECCEs in subframe i in EPDCCH set j is accumulated within a bundling window for PUCCH resource allocation. If the bundling window size is 4, four times the PUCCH resource region need to be reserved to a single subframe. One possible example for ARO sets would be {
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} to move PUCCH region in subframe i into the first subframe 0 within a bundling window. The parameters 
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can provide the similar roles to the small ARO values to avoid the collision. It can also help the case when the subframe 0 uses PDCCH and the subframe i uses EPDCCH where there is no ARO for PDCCH. For example, they can be (
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Proposal 1: If ARO values need large offset values for PUCCH resource compression other than {-2, -1, 0, 2}, it is proposed to use the ARO set of 
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2.2 PUCCH resource allocation based on all subframes
The PDCCH and EPDCCH can co-exist within a bundling window for a UE according to the current EPDCCH configurations. We have two options to facilitate:
· Option 1: PUCCH resource allocation for EPDCCH is based on all subframes for 
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· Option 2: PUCCH resource allocation for EPDCCH is based on the EPDCCH-subframes for 
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In Option 1, the PUCCH resources for all subframes within a bundling window are stacked in subframe-by-subframe, while in Option 2, non-EPDCCH-subframes are excluded for PUCCH resource determination. Option 2 may provide a kind of PUCCH resource compression by not considering the non-EPDCCH subframes. 
However, with Option 2, although it might have less issue in a single UE perspective, it would make eNB operations more or less complicated as the most of EPDCCH transmissions are based on UE-specific operation. Some UEs may skip the subframe and the other UEs may stack the PUCCH resource according to the EPDCCH configurations. The PUCCH resource partitioning may become complicated depending on the UE configurations.
In addition, the exclusion of non-EPDCH subframes for PUCCH resource stacking would be a duplicated solution in addition to that discussed in section 2.1 to resolve the same issue (i.e. PUCCH resource compression) while we should strive to avoid multiple solutions to resolve the same issue.
Proposal 2: PUCCH resource allocation is based on all subframes.
2.3 ARO bit usage if DAI>1 on PCell and UE is configured with PUCCH format 3
ARO is practically used when PUCCH format 1a/1b or PUCCH format 1b with channel selection is used for CCE index based dynamic resource allocation. In carrier aggregation, the dynamic resource allocation is used for PCell reception. In particular for PUCCH format 3 in TDD, the dynamic resource allocation using PUCCH format 1a/1b or PUCCH format 1b with channel selection is used due to absence of ARI, if

· a UE receives a single PDSCH with PDCCH having DAI=1 or a SPS-release having DAI=1 on PCell only (using PUCCH format 1a/1b)
· a UE receives a single PDSCH with PDCCH having DAI=1 and a single SPS-PDSCH on PCell only (using PUCCH format 1b with channel selection)
Therefore, regarding DAI>1 for PCell PDCCH and for SCell PDCCH, ARO field is not needed for TDD. However, in order not to confuse the payload size on PCell, all DCIs shall include an ARO field although it is not substantially used.

For FDD UE configured with PUCCH format 3, there is no need to have ARO field for SCell PDCCH as ARO is not supposed to be used for SCell PDCCH. However, to have the same payload size, ARO is included in SCell PDCCH and is set to 0 which could provide the virtual CRC protection.
On the other hands, the reserved ARO bit with DAI>1 on PCell would not sufficiently provide the virtual CRC protection which is different from FDD case. When DAI=1, ARO can be any value (0 to 3) to provide the offset. When DAI>1, ARO should be 0. It means ARO usage is dependent on DAI value and virtual CRC using zero valued ARO can be used only when DAI value is not 1. However, the virtual CRC from zero valued ARO requires a precondition that the detected DAI value is correctly decoded as DAI>1. Therefore, the validity of the virtual CRC from ARO is not crystal clear. In addition, Rel-10 already has a virtual CRC using ARI field: “a UE shall assume the same ARI values for all DCIs within a bundling window”.
According to Rel-10 specification [3], a UE configured with PUCCH format 3 cannot use the accumulative PUCCH power control within a bundling window in TDD. There is a 2-bit ARI field to indicate PUCCH format 3 resource in the DCIs with DAI>1 on PCell and all DCIs on SCell, and TPC field in DCI is used as ARI. In consequence, the accumulative power control is disabled because there is no available TPC on PCell other than DAI=1 since Rel-10.
As discussed so far, the additional ARO field is indispensable to avoid the payload ambiguity on PCell even with DAI>1. The question would be whether the field is used as virtual CRC or as real TPC to restore accumulative PUCCH power control. Based on the above discussions, it turns out that the virtual CRC protection due to ARO=0 is not clear while the benefit of accumulative power control has been already verified since Rel-8. Therefore, the accumulative power control by restoring TPC field on PCell is the better option than setting ARO=0 for DAI>1.
Proposal 3: ARO for DAI>1 is used as real TPC to restore the accumulative PUCCH power control.
3 Conclusions 
This contribution discussed the remaining issues on EPDCCH PUCCH resource allocation in TDD: ARO value, resource allocation in mixed bundling window of non-EPDCCH and EPDCCH subframes, and ARO usage with DAI>1 on PCell. Based on the discussions and analyses so far, our proposals are summarized as below:
Proposal 1: If ARO values need large offset values for PUCCH resource compression other than {-2, -1, 0, 2}, it is proposed to use the ARO set of 
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Proposal 2: PUCCH resource allocation is based on all subframes.
Proposal 3: ARO for DAI>1 is used as real TPC to restore the accumulative PUCCH power control.
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