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Discussion/Decision
1
Introduction

PUCCH resource allocation for EPDCCH based A/N was discussed in several contributions during RAN1#69 and #70.

In RAN1#70, it has been agreed that a UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set and that the eCCE is indexed per EPDCCH set only. The lowest eCCE index of the corresponding EPDCCH is used as the component when the PUCCH resource is determined by a UE.

In this contribution, we present our recommendation on the two still open questions left FFS in RAN#70,

- whether to use dynamically signaled PUCCH resource offsets or not, and

- whether EPDCCH or PDSCH antenna port index for localized EPDCCH should be used (or none).

2
Discussion
2.1
Dynamically signaled EPDCCH resource offsets
It has been proposed to use a dynamically signaled PUCCH resource offset in conjunction with the starting eCCE of the EPDCCH set and the signaled PUCCH resource starting offset. The alternative is to only rely on the starting eCCE and the semi-statically signaled value.

It is important to first consider several design requirements to support the anticipated EPDCCH use cases. These include EPDCCH with single carrier operation and with carrier aggregation, MU-MIMO, CoMP and eICIC.

We think that it should be one design objective that commonality between PDCCH and EPDCCH is maintained. In fact, these two DL Control Channels should be considered as independent transport mechanisms providing support for the same set of TM’s and their associated DCI formats. But DCI formats should - ideally – remain unchanged irrespective whether they are sent on PDCCH or EPDCCH. Similarly, existing implemented R10 procedures such as A/N resource allocation in case of carrier aggregation should remain independent from the choice whether PDCCH or EPDCCH is configured on either PCell or SCell, or on both, for a UE in arbitrary combinations.

If it is decided to augment existing DCI formats for use with EPDCCH in single-carrier operation, or for EPDCCH on the PCell, the inclusion of a 2 bit field would result in a small, i.e. fractions of a dB, penalty in the EPDCCH link budget depending on the size of the DCI format, the chosen aggregation level and the number of available RE’s for a given configured EPDCCH set. We think such a small loss is not particularly prohibitive, and the overall already reduced nominal EPDCCH link budget for a given DCI format on EPDCCH at the same aggregation level when compared to the PDCCH is more than compensated for by system-level gains. Furthermore, in principle this can be taken into account by EPDCCH link adaptation.

We think that potential specification and design impacts onto existing R10 A/N procedures with DL carrier aggregation area more significant factor when deciding to use dynamically signaled PUCCH resource offsets, i.e. ARI. 

In R10 single-carrier operation, the ARI in DCI formats transmitted on EPDCCH is not available. The ARI may be considered available without change to existing R10 DCI formats only with DL carrier aggregation, and that only when EPDCCH would be used to carry DL assignments on the SCell(s).

For R10 FDD PUCCH Format 1 with Channel Selection, the UE requires either 2, 3 or 4 candidate PUCCH indices to select the single PUCCH resource index for the UL A/N transmission when dynamic grants are used.

For the example where 2 TB’s are delivered on both PCell and SCell each, i.e. A=4, the UE would determine 2 candidate PUCCH indices from the first PCell DL assignment CCE’s. The decoded ARI value (1 out of 4) on the SCell DL assignment would indicate the 2nd pair of candidate indices (pre-configured through RRC). However, in case the UE misses the SCell DL assignment, it would still generate a PUCCH according to R8 rules, i.e. using the starting CCE index of the PCell DL assignment. Similar to R10 PUCCH F3, the eNB needs to account for the possibility of missed DL assignments on either PCell or SCell, and account for the possibility that the UE may be transmitting A/N on PUCCH according to the fallback R8 rule. 
If a dynamically signaled PUCCH resource offset value, i.e. ARI, is introduced for DL assignments on R11 PCell EPDCCH, this de-facto requires R11 implementations to follow a different A/N procedure than in R10 with carrier aggregation. It could be argued that such an approach will still allow for eNB side detection for missed DL assignments on either PCell or SCell.

However, we think that it should first be considered whether the introduction of a dynamically signaled PUCCH resource offset in PCell DL assignment DCI’s can avoid undue specification and design impacts onto existing R10 A/N procedures when EPDCCH is used with carrier aggregation
Proposal 1:
The dynamically signaled PUCCH resource offset for EPDCCH based A/N should only be introduced if existing R10 A/N procedures with carrier aggregation are not impacted. 
2.2
Localized EPDCCH
We think that it is simpler to use the EPDCCH based AP index rather than to derive the actual PUCCH resource allocation from a mix of EPDCCH and PDSCH derived transmission parameters.

For EPDCCH with localized allocation, it has 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 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 on EPDCCH to resolve PUCCH resource allocation conflicts for UE’s receiving the EPDCCH.
Proposal 2:
For localized EPDCCH, the EPDCCH antenna port is used to derive the corresponding PUCCH resource allocation. 
3.
Conclusions

In summary, we propose that: 

Proposal 1:
The dynamically signaled PUCCH resource offset for EPDCCH based A/N should only be introduced if existing R10 A/N procedures with carrier aggregation are not impacted.
Proposal 2:
For localized EPDCCH, the EPDCCH antenna port is used to derive the corresponding PUCCH resource allocation.

For the case of single carrier operation or carrier aggregation when EPDCCH is configured on the PCell, the PUCCH resource allocation is determined as,
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Here, 
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is the starting eCCE index of the EPDCCH set, 
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 is the RRC signaled UE-specific PUCCH resource starting offset of the EPDCCH set and 
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 is the corresponding EPDCCH antenna port index.
Note: The 2nd PUCCH resource index is derived as 
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+1 for the cases of two antenna port transmission and carrier aggregation with A=3 or 4.
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