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1
Introduction

The principles of PUCCH resource allocation for ePDCCH based A/N were discussed in several contributions during RAN1#69 ([2]-[8]).

As a conclusion of the email discussion [69-15], it was agreed that,
· The PUCCH F1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH is at least partly implicitly determined

· FFS which resource index could be used 

· Specification support for avoiding collisions of PUCCH format 1a/1b resources corresponding to ePDCCH and PDCCH is provided

· FFS how to provide collision avoidance

In this contribution, we present our view on HARQ A/N resource allocation in support of R11 ePDCCH operation.

2
Discussion
When considering PUCCH resource allocation for ePDCCH based A/N in R11, it is important to first consider several design requirements to support the variety of anticipated ePDCCH use cases, i.e. single-carrier, carrier aggregation, MU-MIMO, COMP, eICIC, Low-cost UE.
A first desirable property of ePDCCH based PUCCH resource allocation is that no unnecessary changes to existing R10 DCI Formats should be introduced. An existing R10 DCI format for PDCCH should not require modifications such as additional bit fields when sent on a R11 ePDCCH. DCI formats should remain agnostic as to whether they are sent on PDCCH or ePDCCH, and they should only depend on the particularities of the supported transmission mode. A re-design of R10 DL carrier aggregation A/N procedures as function of received Pcell and SCell(s) DL assignments should be avoided in R11. Existing R10 procedures should apply irrespective of which combination of PDCCH or ePDCCH is configured for reception on the PCell and SCell(s) respectively in R11.

As a consequence, the availability of ARI in DCI’s transmitted using ePDCCH during single-carrier operation cannot be assumed. The ARI may be considered available with DL carrier aggregation when ePDCCH is used to carry DL assignments on the SCell(s) only. We also note that already the inclusion of an additional 2-bit field would result in a non-negligable penalty in the ePDCCH link budget in particular for the smaller DCI formats.
Observation 1:

ePDCCH based PUCCH resource allocation cannot assume availability of ARI for single-carrier operation. The ARI may be considered available in DL assignment DCI’s when ePDCCH is configured on SCell(s) only.
A second desirable property is that ePDCCH based PUCCH resource allocation should not limit the flexibility given to eNB operation. It is necessary to allow for full re-use of the dynamic R8 PUCCH region when PUCCH is derived from either PDCCH or ePDCCH in DL subframe n-4 in order to pool dynamic PUCCH resources. In order to support COMP, it is also necessary to allow for separate UL RB assignments for PUCCH derived from PDCCH DL assignments and those corresponding to ePDCCH received DL assignments.
This principle implies the use of a semi-statically configured offset to derive the actual PUCCH index.

Unlike R8, where the 
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 is a cell-specific parameter, ePDCCH based PUCCH resource assignments should be derived using UE specific offsets. This is to account for the possibility that only a subset of UE’s in a given cell may require separate UL RB assignments for the purpose of interference coordination such as in COMP Scenarios 3 or 4.
Observation 2:

ePDCCH based PUCCH resource allocation requires a UE specific RRC configurable offset 
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It has already been agreed that PUCCH F1 resources for A/N transmission in response to ePDCCH-scheduled PDSCH are at least partly implicitly determined. The remaining question whether it is preferred to use the starting eCCE index of the ePDCCH DCI, or the RB index derived from the PDSCH, or maybe some additional parameter such as the antenna port used to demodulate the ePDCCH.

The use of the starting eCCE index has the immediate benefit that existing PDCCH design principles can be re-used.
One fundamental difference between PDCCH and ePDCCH operation is that the eCCE numbering may not be known by all UE’s in a cell in the ePDCCH case.

This is best considered in an example. If the PDCCH contains 50 CCE’s, the mapping sequence of CCE’s onto REG’s and their corresponding numbering is known by all UE’s. For ePDCCH reception, assume a first group of UE’s, UE1 and UE2 is configured to monitor RB’s 1-4 in a subframe for ePDCCH, and assume a second group of UE’s, UE3 and UE 4 are configured to monitor RB’s 41-44 for ePDCCH occurrences. If each RB pair contains 4 eCCE’s, UE1 and UE 2 will monitor some 16 eCCE’s numbered from 1…16, and these can be combined in various aggregation levels. Similarly, UE3 and UE 4 will receive some 16 eCCE’s on RB’s 41-44. For practical design reasons, it cannot be assumed that UE1 and UE2 know that there is also UE3 and UE 4 monitoring ePDCCH in the cell. This would require ePDCCH RB candidates signaled to any given UE to also include RB assignments of all other UE’s configured to receive ePDCCH in that cell, i.e. even if those other UE’s will likely monitor ePDCCH on other RB pairs. In consequence, UE1/UE2 will consider their eCCE’s range from 1…16, and similarly UE3 and UE4 will assume their eCCE’s range from 1…16. All 4 UE’s in the example are unaware of the fact that a total of 32 eCCE’s is mapped to the ePDCCH’s in this subframe.
It becomes clear that only the eNB is aware about the actual ePDCCH RB assignments for all UE’s in the cell. Similar to R8 PUSCH, it is possible to use the actual PDSCH RB indices to derive a unique ordered sequence known to all UE’s in the cell in order to determine the dynamically determined index of ePDCCH based PUCCH resource allocation.
We think however that it is much easier to simply rely on the UE specific RRC configurable offset 
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 and to maintain the principle that the starting (e)CCE index of the DL assignment is used. The eNB would configure the semi-static UE specific offset corresponding to the ePDCCH configuration of monitored RB’s.
Observation 3:

It cannot be assumed that UE’s configured to receive ePDCCH in a cell know the ePDCCH configurations of other UE’s in the same cell.

Observation 4:
The combination of starting eCCE index 
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and UE specific RRC configurable offset 
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 results in minimal changes and reuses the principles of the R8 PDCCH F1 dynamic resource allocation mechanism.
When the combination of starting eCCE index and a UE specific RRC signaled offset is used to derive the PUCCH resource allocation index for ePDCCH based assignments, the support of MU MIMO on ePDCCH will need to be considered.

For ePDCCH with localized allocation, it been agreed that each eCCE index is associated by specification with one antenna port. In the case that a DCI message uses multiple eCCE's in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation.
This existing agreement immediately offers the possibility to address the case when MU-MIMO is supported on ePDCCH. Given that AP information is unique per UE, we simply recommend using the AP information to resolve PUCCH resource allocation conflicts for UE’s receiving the ePDCCH.

For ePDCCH with distributed allocation, it may not be necessary to include AP information due to MU-MIMO performance considerations. Also, uniqueness of eREG/eCCE associations with AP’s will depend on confirmation of the existing working assumptions and more decisions are need needed on the details. We simply recommend leaving the case of ePDCCH with distributed allocation open for later consideration.
Observation 5:
Antenna port information can be used to derive A/N for ePDCCH based DL assignments in the MU MIMO case at least for ePDCCH with localized allocation.
3.
Conclusions and Recommendations

In this contribution, we present our view on HARQ A/N resource allocation in support of R11 ePDCCH operation. In summary, we propose:
Proposal 1:

For single carrier operation, the R11 PUCCH F1 resource allocation for ePDCCH based A/N is determined as,


[image: image6.wmf](

)

AP

PUCCH

m

N

n

n

+

+

=

)

1

(

PUCCH

-

UE

eCCE

1


where 
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is the starting eCCE index of the DCI decoded on ePDCCH, 
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 is a UE specific RRC signaled offset and 
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 is the antenna port associated with the received DL assignment on ePDCCH.
Proposal 2:

For DL carrier aggregation, the R11 PUCCH F1 resource allocation for ePDCCH based A/N re-uses the existing R10 carrier aggregation procedures.
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