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1 Introduction
In RAN1 #70, the determination of PUCCH format 1a/1b resource for E-PDCCH was discussed with the following agreements made: 
· Lowest eCCE index of the corresponding EPDCCH is a component of PUCCH resource determination

· A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set; eCCE is indexed per EPDCCH set

· FFS until RAN1#70bis between 

· Option A) not to use dynamically signaled PUCCH resource offset by EPDCCH

· Option B) dynamically signaled PUCCH resource offset by EPDCCH

· Whichever of options A and B is chosen, RRC signalling will not be introduced.

· FFS until RAN1#70bis for localized EPDCCH among

· Option X) not to use antenna port index

· Option Y) to use antenna port index of EPDCCH

· Option Z) to use antenna port index of PDSCH

TDD aspects are FFS – if solutions are needed, aim for solutions without RRC impact.
In this contribution, we further discuss the remaining open issues on determination of PUCCH format 1a/1b resource for E-PDCCH.
2 Description of available options
In general, the following options are available to determine the PUCCH format 1a/1b resource for E-PDCCH:
· Option 1: ARI is used to indicate the PUCCH format 1a/1b resource [1]
Following the agreements in RAN1 #70, the PUCCH format 1a/1b resource index with option 1 can be given by 
[image: image1.wmf](1)(1)

,

PUCCHeCCEPUCCHkARI

nnN

=++D

, where 
[image: image2.wmf]eCCE

n

is the lowest E-CCE index of the corresponding E-PDCCH; 
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is the semi-statically configured PUCCH format 1a/1b resource starting offset for E-PDCCH set 
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 is a value determined by the ARI in the DCI transmitted on the corresponding E-PDCCH. The value range of 
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assuming a 2-bit ARI.
· Option 2: DMRS AP index of the E-PDCCH is used to indicate the PUCCH format 1a/1b resource [2]
Following the agreements in RAN1 #70, the PUCCH format 1a/1b resource index with option 2 can be given by 
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is the lowest E-CCE index of the corresponding E-PDCCH; 
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is the semi-statically configured PUCCH format 1a/1b resource starting offset for E-PDCCH set 
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 is a value determined by the DMRS antenna port index of the corresponding E-PDCCH. The design of the mapping between the value of 
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and the DMRS antenna port index of the E-PDCCH shall consider the DMRS antenna port association with E-PDCCH [3]. 
· Option 3: DMRS AP index of the PDSCH is used to indicate the PUCCH format 1a/1b resource [4]
Following the agreements in RAN1 #70, the PUCCH format 1a/1b resource index with option 3 can be given by 
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is the lowest E-CCE index of the corresponding E-PDCCH; 
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is the semi-statically configured PUCCH format 1a/1b resource starting offset for E-PDCCH set 
[image: image17.wmf]k

; and 
[image: image18.wmf]PDSCH

DMRS

,

D

 is a value determined by the DMRS antenna port index of the corresponding PDSCH scheduled by E-PDCCH. The mapping between the value of 
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and the DMRS antenna port index of the PDSCH requires further consideration. 

3 Comparison of the available options

In this section, we compare the three options outlined in section 2.
· Support of MU-MIMO for E-PDCCH

One of the design targets for E-PDCCH is to enable beamforming gain for downlink control channels in order to improve its detection performance. Beamforming is especially applicable for UEs of low mobility. For such low mobility UEs, MU-MIMO is also a useful feature as it increases the spatial reuse of the same time-frequency resource for downlink control channels. 
For option 1, MU-MIMO can be efficiently supported since ARI can be used to indicate different PUCCH format 1a/1b resources for the multiple UEs multiplexed in the same E-PDCCH. It is noted that option 1 can support the possibility of MU-MIMO for E-PDCCH using the same DMRS antenna port for the multiple UEs. It is particularly relevant if MU-MIMO shall be supported for localized E-PDCCH with aggregation level 1, where only one DMRS antenna port is associated with the E-PDCCH.

For option 2, MU-MIMO can also be supported if the multiple UEs multiplexed in the same E-PDCCH are associated with different DMRS antenna ports for their respective E-PDCCH, as otherwise PUCCH format 1a/1b resource collision would occur. Equivalently, MU-MIMO for localized E-PDCCH with aggregation level 1 cannot be effectively supported due to the fact that there is only DMRS port associated with the E-PDCCH of aggregation level 1.

For option 3, it is implicitly assumed that MU-MIMO is applied to both E-PDCCH and PDSCH. The PDSCH of the multiple UEs shall use different DMRS antenna ports for PDSCH, in order to avoid PUCCH format 1a/1b resource collisions. This is equivalent to have some PDSCH scheduling restriction. In other words, the possibility of MU-MIMO by scheduling multiple UEs’ PDSCHs on the same DMRS antenna port with different scrambling sequence IDs (as supported by DCI format 2B or 2C) is precluded.
· Support of overlapped localized and distributed E-PDCCH
It has been agreement that multiple E-PDCCH sets can be configured for a UE and each configured E-PDCCH set can be used to monitor either localized or distributed EPDDCH. As an eNB implementation, it is possible to configure one localized and one distributed E-PDCCH set over the same set of PRB pairs. In such case, the eNB may also configure the same PUCCH format 1a/1b resource starting offset for the localized and distributed E-PDCCH sets, in order to reduce the PUCCH format 1a/1b resource. Depending on how the logical localized and distributed E-CCEs/E-REGs are mapped on the physical resources and their corresponding indexing scheme, it is possible that PUCCH format 1a/1b resource collision may occur between a distributed E-PDCCH and a localized E-PDCCH. Option 1 in this case provides some additional flexibility to alleviate the issue of PUCCH format 1a/1b resource collision, compared to option 2 and 3, since the eNB can dynamically signal the PUCCH format 1a/1b resource to the UE via ARI with option 1. 

· Signaling overhead

In terms of downlink control channel overhead, option 1 requires additional bit field in the DCI formats scheduled by E-PDCCH to determine the PUCCH format 1a/1b resource, while option 2 and option 3 rely on implicit approaches (hence does not require additional control overhead) to determine the PUCCH format 1a/1b resource. For option 1, it is expected that a 2-bit ARI field in DCI format 3 is sufficient to allow flexible PUCCH format 1a/1b resource assignment, which does not lead to significant overhead increase for downlink control channel.

· Applicability to E-PDCCH indicating downlink SPS release 

Assuming E-PDCCH can be used to indicate downlink SPS release, option 3 is not applicable for such E-PDCCH since there is no PDSCH associated with such an E-PDCCH. Some special handling is necessary for option 3, e.g. by specifying that the UE shall assume a particular value of 
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if the corresponding E-PDCCH is used to indicate downlink SPS release. 
· Applicability to E-PDCCH scheduling PDSCH transmission scheme based on Rel-8 CRS 

Given that there is no DMRS antenna port associated with PDSCH transmission schemes based on Rel-8 CRS, option 3 is not applicable for such PDSCH transmissions. Considering that E-PDCCH is expected to be used in combination with any DL transmission mode, option 3 is not preferable.
4 Conclusions

In this contribution, we discuss the remaining open issues on determination of PUCCH format 1a/1b resource for E-PDCCH. The following three possible options are compared. 

· Option 1: ARI is used to indicate the PUCCH format 1a/1b resource
· Option 2: DMRS AP index of the E-PDCCH is used to indicate the PUCCH format 1a/1b resource

· Option 3: DMRS AP index of the PDSCH is used to indicate the PUCCH format 1a/1b resource
Given that option 1 provides the most flexible PUCCH format 1a/1b resource assignment for E-PDCCH and at the same does not require significant overhead increase, we have the following proposal:

Proposal: For a downlink DCI transmitted on E-PDCCH, ARI shall be included in the DCI to indicate the corresponding PUCCH format 1a/1b resource.
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