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1 Introduction
In RAN1#70bis meeting, the following was agreed for PUCCH resource allocation for EPDCCH:
Conclusion: No additional RRC bits for PUCCH resource allocation configuration.
In RAN1#70 meeting, the followings were agreed:
· 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.
This contribution discusses the remaining details of PUCCH resource allocation for EPDCCH.
2  Discussion 
It was pointed out that ARI is needed to facilitate the efficient local ECCE indexing [1]-[6]. The following inherent collision cases can be addressed with ARI operation without increasing blocking probability [5].
· Case 1: collision between different UEs for MU-MIMO
· Case 2: collision between different UEs with different EPDCCH sets
· Case 3: collision between different UEs by legacy PDCCH and EPDCCH
The antenna port (AP) offset can avoid the PUCCH resource collision for MU-MIMO (Case 1). A compromised proposal is provided here to have both ARI and AP to give more flexibility of resource utilization for localized EPDCCH transmission [7] as follows:
· Antenna port offset is supported for localized transmission, and explicit 2-bit ARI is always present for all the DL DCI formats that are carried by EPDCCH
· The 4 values of the ARI are fixed in the specifications, {0, a1, a2, a3}
Proposal 1: The dynamic PUCCH resource allocation for FDD in single configured cell is determined as:
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is the UE-specific starting offset for EPDCCH set s
· ARI is a 2-bit offset value indicated by the detected EPDCCH
· AP (0 or 1) is an offset value associated with the antenna port number for localized EPDCCH transmission. AP value is 0 for distributed EPDCCH transmission.
As discussed in [3], there is another issue considering the resource allocation for PUCCH format 1a/1b TxD (SORTD) and for PUCCH format 1b with channel selection of FDD carrier aggregation. For PUCCH format 1a/1b TxD, the PUCCH resource for the second antenna port 
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 is determined by the next PUCCH resource to the lowest ECCE index (i.e. 
[image: image5.wmf]1

+

ECCE

n

). For PUCCH format 1b with channel selection of FDD CA, the additional PUCCH resource 
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 is also determined by the next PUCCH resource to the lowest CCE index (i.e. 
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) when primary cell is configured with MIMO or secondary cell is configured with both cross-carrier scheduling and MIMO. To avoid this potential collision, the ARI value needs to be an even number.
On the other hands, in [4], it was proposed that four RRC configured offset values in addition to starting offset per EPDCCH set can be indicated by 2-bit ARI. PUCCH resource compression can be dynamically facilitated by signalling ARI value even assuming eNB exclusively reserves PUCCH resource regions for each EPDCCH set. However, as no additional RRC signalling will be introduced, this proposal may not be possible. However, since there are one or two RRC configured PUCCH starting offset 
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 for EPDCCH set s, this principle may be applicable for one or two states. Therefore, a possible ARI value would be {0, 2, 
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is the PUCCH resource starting offset for EPDCCH set s. If 
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is not configured, the legacy cell specific starting offset 
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Proposal 2: One of the following options are considered as 2-bit ARI values

· Option 1) {-2, 0, 2, 4}.
· Option 2) {0, 2, 
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is the PUCCH resource starting offset for EPDCCH set s. If 
[image: image18.wmf])

1

(

1

,

PUCCH

N

is not configured, the legacy cell specific starting offset 
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As for TDD, current resource allocation doesn’t apply PUCCH resource compression, i.e. the PUCCH resource region is exclusively reserved for each DL subframe within a bundling window and block interleaving is applied per CFI. It may be preferred to have the same principle as Rel-10. However, since the current PUCCH resource allocation for TDD considered the number of CCEs per DL OFDM symbol for legacy PDCCH occupying entire bandwidth, reusing exact same equation seems inappropriate. Given that the ECCE indexing is per EPDCCH set for both localized and distributed EPDCCH transmissions, CFI level block interleaving can be omitted and rather the maximum number of ECCE indices among two EPDCCH sets can be considered. Therefore, we suggest PUCCH resource allocation for TDD as following.
Proposal 3: For TDD, PUCCH resource allocation for DL subframe m is determined as:
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is the maximum number of ECCE indices among two EPDCCH sets to the UE in 
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After the email discussion [70-16] after RAN1#70, PUCCH resource allocation for UL CoMP was agreed as follows:
Higher layer configured UE-specific N(1)PUCCH substitutes cell-specific N(1)PUCCH in PUCCH resource allocation for the PDCCH-triggered dynamic A/N resource of a UE configured with the PUCCH VCID.
The UE specific 
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was introduced mainly for the CoMP UE to avoid the collision with the UE in coordinating cell for the corresponding virtual cell ID and possibly for eICIC on PUCCH between cells. Given UE specific starting point for EPDCCH and ARI can provide those functionalities, the parameter 
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 would not be needed when EPDCCH is used.
Proposal 4: When EPDCCH is used in a subframe for a UE and UE specific 
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 is configured for a UE, the UE does not use 
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 for PUCCH resource allocation.

For FDD PUCCH format 3, PUCCH resource allocation in Rel-10 is that SCell-TPC is used to indicate the actual used PUCCH format 3 resource among four configured resource values. PCell-TPC is not used as indicator but it is used as real TPC. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding secondary cell PDCCH assignments in a given subframe. When a UE receives a single PDSCH or SPS-release on primary cell only, PUCCH format 1a/1b with dynamic resource allocation is used. To facilitate fall-back for a UE with EPDCCH, at least for PDSCH or SPS-release on PCell, the corresponding EPDCCH needs to include ARI value. For PDSCH on SCell, since SCell-TPC is available for resource allocation of PUCCH format 3, no need to include ARI on SCell.

For TDD PUCCH format 3, PUCCH resource allocation in Rel-10 is that all TPCs other than in the subframe having DAI=1 on PCell are used to indicate actual used PUCCH format 3 resource among four configured resource values. The TPC with DAI=1 is not used as indicator but it is used as real TPC. Because other TPCs on PCell are used to indicate used PUCCH format 3 resource, the accumulative PUCCH power control within a bundling window is not possible. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary cell and in each secondary cell that are used to determine the PUCCH resource value within the subframe(s) 
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. When a UE receives a single PDSCH or SPS-release on primary cell only with PDCCH having DAI=1, PUCCH format 1a/1b with dynamic resource allocation is used. When a UE receives a single PDSCH with PDCCH having DAI=1 or SPS-PDSCH on primary cell only, PUCCH format 1b with channel selection is used and the dynamic resource allocation for PDSCH with PDCCH is used. To facilitate fall-back for a UE with EPDCCH, at least for PDSCH or SPS-release with PDCCH having DAI=1 on PCell needs to include ARI value. However, since the UE will not know the DAI value before EPDCCH decoding, ARI also needs to be included for other DAI values on primary cell. In this case, the TPC value on PCell can be used for accumulative PUCCH power control. For PDSCH on SCell, since SCell-TPC is used for resource allocation of PUCCH format 3, no need to include ARI of SCell. 

As for PUCCH format 1b with channel selection in Rel-10, dynamic resource allocation (i.e. implicit resource allocation determined by lowest ECCE index) is used for the PDCCHs transmitted on primary cell (including cross-carrier scheduling). Therefore, the ARI field needs to be included for EPDCCH transmitted on primary cell. For other case, no ARI is needed (similar to PUCCH format 3).
Proposal 5: When EPDCCH is used in a subframe for a UE, and PUCCH format 3 or PUCCH format 1b with channel selection in CA is configured for the UE, ARI field is included only for the EPDCCHs transmitted on primary cell.
For TDD, current agreement is that the UE is not expected to receive EPDCCH in a special subframe with special subframe configuration 0 or 5 in normal CP, or special subframe configuration 0, 4, or 7 in extended CP. Also, the subframes for which UE monitors EPDCCH USS are configured by higher layer signaling. Therefore, within a bundling window, EPDCCH can be transmitted at some DL subframes and legacy PDCCH can be transmitted at other DL subframes in a bundling window. In this case, different implicit resource allocation methods for legacy PDCCH-triggered and EPDCCH-triggered PUCCH would need to be accommodated for within a bundling window. For example, in the DL subframes for EPDCCH a UE uses UE specific starting offset 
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, and in other DL subframes for legacy PDCCH a UE uses cell specific starting offset 
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. Also, depending on the decision for TDD PUCCH resource allocation with EPDCCH, the special handling would be needed to handle this case. The following options are considered:

· Option 1: Only one type of CCH is used within a bundling window.

· Option 2: Mixed CCHs within a bundling window are allowed and the PUCCH resource allocation is based on either PDCCH’s or EPDCCH’s rule.

· Option 3: Mixed CCHs within a bundling window are allowed and the PUCCH resource allocation is based on the CCH type for the DL subframe derived for actual transmitted PUCCH resource (for HARQ-ACK bundling or PUCCH format 1b with channel selection).
Proposal 6: Discuss the following options of PUCCH resource allocation in TDD for mixed CCHs within a bundling window:

· Option 1: Only one type of CCH is used within a bundling window.

· Option 2: Mixed CCHs within a bundling window are allowed and the PUCCH resource allocation is based on either PDCCH’s or EPDCCH’s rule.

· Option 3: Mixed CCHs within a bundling window are allowed and the PUCCH resource allocation is based on the CCH type for the DL subframe derived for actual transmitted PUCCH resource (for HARQ-ACK bundling or PUCCH format 1b with channel selection).

3 Conclusions
This contribution discussed some remaining issues on PUCCH resource allocation for EPDCCH. The proposals are summarized as below:
Proposal 1: The dynamic PUCCH resource allocation for FDD in single configured cell is determined as:
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is the UE-specific starting offset for EPDCCH set s
· ARI is a 2-bit offset value indicated by the detected EPDCCH
· AP (0 or 1) is an offset value associated with the antenna port number for localized EPDCCH transmission. AP value is 0 for distributed EPDCCH transmission.
Proposal 2: One of the following options are considered as 2-bit ARI values

· Option 1) {-2, 0, 2, 4}.
· Option 2) {0, 2, 
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is the PUCCH resource starting offset for EPDCCH set s. If 
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is not configured, the legacy cell specific starting offset 
[image: image41.wmf])

1

(

PUCCH

N

can replace 
[image: image42.wmf])

1

(

1

,

PUCCH

N


Proposal 3: For TDD, PUCCH resource allocation for DL subframe m is determined as:
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Proposal 4: When EPDCCH is used in a subframe for a UE and UE specific 
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 is configured for a UE, the UE does not use 
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 for PUCCH resource allocation.

Proposal 5: When EPDCCH is used in a subframe for a UE, and PUCCH format 3 or PUCCH format 1b with channel selection in CA is configured for the UE, ARI field is included only for the EPDCCHs transmitted on primary cell.
Proposal 6: Discuss the following options of PUCCH resource allocation in TDD for mixed CCHs within a bundling window:

· Option 1: Only one type of CCH is used within a bundling window.

· Option 2: Mixed CCHs within a bundling window are allowed and the PUCCH resource allocation is based on either PDCCH’s or EPDCCH’s rule.

· Option 3: Mixed CCHs within a bundling window are allowed and the PUCCH resource allocation is based on the CCH type for the DL subframe derived for actual transmitted PUCCH resource (for HARQ-ACK bundling or PUCCH format 1b with channel selection).
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