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1 Introduction
The design of PUCCH resource allocation corresponding to EPDCCH was completed for FDD with the agreements made in RAN1#71. For TDD, some agreements were made with the following open issues as discussed in email thread [71-10] after RAN1#71:

· The value of ARO for TDD, with {0, 2} agreed and the other two values FFS.

· The setting of ARO bits for a UE configured with PUCCH format 3.
· Applicability of the EPDCCH PUCCH resource allocation to all subframes in a bundling window.

In this contribution, we discuss the above remaining issues and present our preferences. 
2 Value of ARO
With the 2-bit ARO in DL grant and two values of {0, 2} are already agreed, the remaining issue is to agree on the other two ARO values. Roughly two different designs have been considered, where one design is to adopt the same ARO values for TDD as for FDD (i.e. {-2, -1, 0, 2}) while the other design is to adopt two larger ARO values for TDD. It is noted that ARO can be used to alleviate the PUCCH resource collision in the following cases, if the corresponding PUCCH resources are overlapping:

· PUCCH resource collision between PDCCH and EPDCCH (for both FDD and TDD)

· PUCCH resource collision between different UEs’ EPDCCHs (for both FDD and TDD)

· PUCCH resource collision of a single UE’s EPDCCH in different subframes (for TDD only)

In order to reduce the overall PUCCH resource reservation, the network shall at least consider overlapped PUCCH resource allocation for different UEs’ EPDCCHs, as otherwise the amount of total PUCCH resources reserved for EPDCCH would be proportional to the number of UEs configured with EPDCCH. This could consume a larger percentage of the uplink resources if the number of UEs configured with EPDCCH is large. For example, one EPDCCH set of 4 PRB pairs with 4 ECCEs per PRB pair would require 16 PUCCH format 1a/1b resources, which roughly corresponds to an PUCCH overhead of one PRB pair with ΔPUCCH = 2. Small ARO values are effective to reduce the PUCCH resource collision between different UEs’ EPDCCHs. 
For TDD, it was agreed in RAN#71 that the PUCCH resources corresponding to EPDCCHs in different subframes are concatenated. In case a UE is scheduled in a later subframe, a larger ARO value can shift the PUCCH resource such that it corresponds to an earlier subframe. This would reduce the overall PUCCH resource usage, especially when the number of scheduled UEs is small. It is noted that the saved PUCCH resources using larger ARO values can be dynamically varying from subframes to subframes, since it depends on the EPDCCH scheduling. Efficiently utilizing these saved PUCCH resources for PUSCH requires some additional handling at the network side. Further, since the bundling window size can be of values of {1, 2, 3, 4, 9}, having only two large ARO values cannot optimize for all possible bundling window sizes. For the case where only a small number of UEs are connected to a cell (e.g. for the small cell applications), it is proposed to consider dedicated PUCCH resource assignment in Rel-12.
With the above observations, we have the following proposal:

Proposal 1: The same ARO values for FDD are adopted for TDD, i.e. {-2, -1, 0, 2}.
3 Setting of ARO with PUCCH format 3 configured

In Rel-10, when a UE is configured with PUCCH format 3 for TDD, the PUCCH resource allocation can be summarized as following:
· If a PDCCH with DAI > 1 is received on the primary cell or if a PDCCH is received on a secondary cell, a PUCCH format 3 resource is determined for HARQ-ACK transmission by reusing the TPC bits as ARI;
· Otherwise, PUCCH format 1a/1b resource(s) is determined for HARQ-ACK transmission.

The above Rel-10 behavior means that for a TDD UE configured with PUCCH format 3, only the TPC field in the PDCCH with DAI = 1 received on the primary cell serves as the real TPC, and the TPC field in other PDCCH(s) is used as ARI. It is noted that in Rel-8 the TPC field in the PDCCH of any DAI value are used to adjust the PUCCH transmit power, which is superior to the Rel-10 behavior in terms of PUCCH power control accuracy. One reason leading to such a Rel-10 agreement was that addition ARI bits were not introduced in the DCI formats for PUCCH format 3 resource allocation. With EPDCCH, given that 2-bits ARO is present in all downlink DCI formats, the following can be considered for PUCCH resource allocation and TPC usage when a TDD UE is configured with PUCCH format 3 and EPDCCH:
Proposal 2: For TDD, if a UE is configured with PUCCH format 3 and EPDCCH, upon receiving a downlink grant in EPDCCH, the UE shall

· determine one out of four higher layer configured PUCCH format 3 resources for HARQ-ACK transmission as (in Rel-10) by using the 2-bit ARO in the downlink grant received in EPDCCH.

· adjust the PUCCH transmit power by using the TPC field in the downlink grant received in EPDCCH. 

The above proposal has several advantages. The usage of TPC bits is the same as in Rel-8, which is more optimized from the PUCCH power control perspective. Further, for a UE configured with PUCCH format 3, the UE would always use PUCCH format 3 for HARQ-ACK transmission as long as a PDCCH is received, which leads to simpler UE behavior as PUCCH format 1a/1b is not used. 
One issue with the above proposal is that for a UE received with a single PDCCH on the primary cell in the bundling window, the UE would still use PUCCH format 3 for HARQ-ACK transmission, instead of using the implicitly derived PUCCH format 1a/1b resource as in Rel-10. This could potentially increase the number of PUCCH format 3 resource collision probability since effectively there are more scheduled UEs (including those scheduled with a single PDCCH on the primary cell and those scheduled with multiple PDCCHs) in the bundling window to share the four higher layer configured PUCCH format 3 resources. However, PUCCH format 3 is typically useful for a UE configured with carrier aggregation, which in practice means that the UE has significant amount of data to receive and is less likely to be scheduled only with a single PDCCH on the primary cell. Hence it is proposed to adopt proposal 2.
4 PUCCH resource for EPDCCH in a bundling window

As already agreed, a UE can be configured to monitor EPDCCH in a set of subframes. Consequently, for TDD, a UE may be configured to monitor EPDCCH in a subset of subframes in a bundling window. Further, it is noted that a UE shall not monitor EPDCCH in subframes indicated by higher layers to decode PMCH, or in special subframes with the special subframe configuration of {0, 5} for normal CP and {0, 4, 7} for extended CP as specified in TS36.213. In the above exceptions, EPDCCH cannot be configured and monitored for any UE. Hence, if such subframes are included in a bundling window, it is obvious that PUCCH resource does not need to be reserved for EPDCCH in such subframes. This would require less PUCCH format 1a/1b resources dimensioned for EPDCCH. Therefore we have the following proposal:

Proposal 3: For TDD, implicit PUCCH format 1a/1b resources for EPDCCH are only reserved for the subframes within the bundling window on which EPDCCH is monitored by the UE. 
5 Conclusions

This contribution we discuss the remaining open issues for TDD PUCCH resource allocation corresponding to EPDCCH. The following proposals are made:

Proposal 1: The same ARO values for FDD are adopted for TDD, i.e. {-2, -1, 0, 2}.
Proposal 2: For TDD, if a UE is configured with PUCCH format 3 and EPDCCH, upon receiving a downlink grant in EPDCCH, the UE shall

· determine one out of four higher layer configured PUCCH format 3 resources for HARQ-ACK transmission as (in Rel-10) by using the 2-bit ARO in the downlink grant received in EPDCCH.

· adjust the PUCCH transmit power by using the TPC field in the downlink grant received in EPDCCH. 

Proposal 3: For TDD, implicit PUCCH format 1a/1b resources for EPDCCH are only reserved for the subframes within the bundling window on which EPDCCH is monitored by the UE. 
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