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1. Introduction
In this contribution, we share our views on the details of PUCCH resource allocation for EPDCCH. 
2. Discussions
2.1. Additional parameters to avoid PUCCH resource collision 

It was agreed that the PUCCH A/N resource is determined by the lowest ECCE index and the semi-static offset for EPDCCH. For localized EPDCCH, the AP index to be used for the demodulation is selected in a UE-specific manner, and one motivation of this UE-specific AP selection is to enable MU-MIMO transmission of EPDCCH. Noting that use of AP index does not require any signaling or performance cost, it is reasonable to use AP index for PUCCH resource allocation.
Proposal 1) The antenna port index should be used for determining the PUCCH A/N resource for localized EPDCCH to avoid collisions for the MU-MIMO transmission of EPDCCH.
ARI based dynamic indication was proposed in [1]-[2]. There is a tradeoff between the performance gain and the additional payload of DCI by using ARI. If ARI is introduced, there seems an additional consideration point that the benefit and cost of ARI may not be consistent in all the cases. For instance, additional two bits of DCI could be burden for some DCI formats. Two additional bits for a short DCI like DCI format 1A will have an impact on control channel coverage because of the non-negligible additional payload size while the two-bit addition may be acceptable for a long DCI like DCI format 2D. On the other hand, the introduction of ARI could depend on the type of EPDCCH set. For example, ARI may not be needed for localized EPDCCH because using AP and the lowest ECCE index could be sufficient to avoid the collision, but ARI may provide benefit for distributed EPDCCH where AP cannot be used as an additional PUCCH resource indicator.
2.2. L/D  multiplexing in same PRB pairs
It can provide flexible EPDCCH resource allocation to multiplex localized and distributed EPDCCHs in same PRB pair. Also, as discussed in [3], this L/D multiplexing can be efficiently done in the unit of EREG group. Thus, it is needed to consider the L/D multiplexing in designing PUCCH resource determination method.

The ECCE index collision can occur when localized EPDCCH is multiplexed with distributed EPDCCH in same PRB pair. Due to the different ECCE-to-EREG mapping in localized and distributed EPDCCHs, it is possible that a localized ECCE and a distributed ECCE sharing the same logical ECCE index coexist in a given set of PRB pairs. Figure 1 shows such ECCE index collision between localized and distributed EPDCCH in four PRB pairs (N=4). The ECCE index collision in L/D multiplexed PRB pairs is depending on whether which ECCE indexing method (that is still FFS) is used. Figure 2 shows two different ECCE indexing methods for localized and distributed EPDCCH. For same direction of ECCE indexing for localized and distributed EPDCCH, there is no PUCCH resource collision, but for the different direction of ECCE indexing for localized and distributed EPDCCH, same ECCE index could be chosen. To avoid the PUCCH resource collision when different direction of ECCE indexing for localized and distributed EPDCCH, some unified PUCCH resource mapping rule between localized and distributed EPDCCH can be used. In general, a distributed (or localized) ECCE blocks several localized (or distributed) ECCEs. If the distributed (or localized) ECCE index is mapped into one ECCE index among the blocked localized (or distributed) ECCE indices, the index collision will not happen. As example shown in Figure 1, the distributed ECCE #1 blocks four localized ECCEs as #0, #4, #8, and #12. If the distributed ECCE #1 is mapped to one among {0,4,8,12}, for instance, there is no collision between localized and distributed EPDCCH since the localized ECCE indices {0,4,8,12} will not be used. 
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Figure 1 ECCE index collision for localized and distributed EPDCCH multiplexing in same PRB pairs
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Figure 2 ECCE indexing methods
Observation 1)
· PUCCH resource collision in L/D EPDCCH multiplexed PRB pairs could be occurred when different direction of ECCE indexing for localized and distributed EPDCCH is used.

· To avoid the PUCCH resource collision for L/D multiplexing EPDCCH sets in same PRB pairs, a distributed ECCE index can be mapped to one of the localized ECCEs indices blocked by this distributed ECCE.
Based on the discussion, we propose a PUCCH A/N resource determination method as follows; 

· For localized transmission,
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· for distributed transmission, 
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where
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 in Table 1. In addition, when available number of REs in a PRB pair is insufficient, aggregation level 1 is not supported. For that case, 
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Table 1 AP association parameter 
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When we keep the legacy PUCCH resource mapping equation for distributed EPDCCH, alternatively the equation (1) and (2) are changed to as follows:
· For localized transmission,
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· for distributed transmission, 
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For the equation (3) and (4) compared with the equation (1) and (2), a localized ECCE index is mapped to one of the distributed ECCEs indices blocked by the localized ECCE to avoid PUCCH resource collision.
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(a) PUCCH resource allocation for different EPDCCH sets
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(b) PUCCH resource allocation for L/D EPDCCH sets in same PRB pairs
Figure 3 PUCCH resource mapping for multiple EPDCCH sets
Our proposed PUCCH resource mapping function allows overlapped PUCCH resource region between localized and distributed EPDCCH sets and increase the PUCCH resource utilization without ARI. Figure 3 illustrates the PUCCH resource mapping for multiple EPDCCH sets where it is assumed that both sets are configured by same size of N. For L/D EPDCCH sets in same PRB pairs, there is no need of separate PUCCH resource regions between L/D EPDCCH sets by using the proposed PUCCH resource mapping equations. If the PUCCH resource mapping functions are not used for L/D EPDCCH sets in same PRB pairs, the PUCCH resource for each set should be exclusively reserved as shown in Figure 3(a). 

Proposal 2) To enhance PUCCH resource utilization for L/D EPDCCH multiplexing in same PRB pairs, the proposed PUCCH resource mapping functions for localized and distributed EPDCCH should be used.
2.3. PUCCH resource allocation between overlapping EPDCCH sets
When EPDCCH sets of the same type are (fully or partially) overlapped and a UE detects DL assignment at an ECCE in the overlapping region, there is an ambiguity that UE cannot know the EPDCCH set which the detected DL assignment belongs to. Figure 4 shows the ambiguity for the PUCCH resource mapping in overlapping EPDCCH sets. To resolve the ambiguity, a PUCCH resource mapping rule is needed. For simplicity, the ECCE in overlapping region could be always considered in the EPDCCH set with lower set index and the PUCCH resource of the ECCE in overlapping region could be always mapped to the PUCCH region of the EPDCCH with lower set index. 
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Figure 4. PUCCH resource ambiguity for overlapping EPDCCH sets
2.4. PUCCH resource allocation for TDD EPDCCH 
The specific issue in PUCCH resource allocation for TDD EPDCCH is that more than one DL subframe may be associated with a single UL subframe. Furthermore, PUCCH resource utilization needs to be considered to avoid excessive resource reservation for PUCCH A/N transmission. In this subsection, we discuss considerable issues on stacking PUCCH resources for multiple subframes for TDD EPDCCH. 
Firstly, when the PUCCH resources of multiple subframes for TDD EPDCCH are stacked in single UL subframe, the PUCCH resource of non-EPDCCH subframe may not be stacked with the PUCCH resources of other EPDCCH subframes for efficient resource utilization. At the last meeting, it was agreed that configuration by higher layer signaling can be provided to indicate the subframes in which the UE shall or shall not monitor the UE-specific search space on EPDCCH. In subframes not configured for monitoring EPDCCH, UE monitors CSS and USS on PDCCH according to Rel-10 behavior. Regarding the signaling, the following has been agreed:
•
The higher layer signaling consists of a new bitmap that has the same periodicity and size as those used for eICIC

•
If the new bitmap is not provided, the default is that if EPDCCH is configured the UE monitors USS on EPDCCH in all subframes except that:

•
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, or if the UE is aware that a subframe contains PMCH, the UE monitors USS on PDCCH.
For abovementioned subframes, if all the UEs monitoring the same EPDCCH set share the same understanding on the set of subframes for EPDCCH monitoring, then the subframe could be skipped on stacking the PUCCH resource. For a subframe containing PMCH, some UEs may not be aware of the occurrence of PMCH transmissions, thus the PUCCH resource in that subframe containing PMCH could be reserved for consistent operation among all the UEs. In addition, UE is not expected to receive EPDCCH colliding with PBCH/PSS/SSS, so PUCCH resource reservation can be skipped for a subframe where the EPDCCH set overlaps with PBCH/PSS/SSS.

Proposal 3) In TDD, the UE can skip reserving PUCCH resource for the subframe where all the UEs configured with the EPDCCH set do not monitor the EPDCCH set.


When the multiple EPDCCH sets in a single subframe are (fully or partially) overlapped, to enhance the utilization of PUCCH resource, the PUCCH resource could be also overlapped. Especially for TDD EPDCCH, exclusive PUCCH resource reservation for multiple EPDCCH sets could be more critical than FDD case. The details of PUCCH resource overlapping between overlapping EPDCCH sets could be changed whether ARI is introduced to PUCCH resource determination or not. 
3. Conclusion

In this contribution, the PUCCH A/N resource determination for localized and distributed EPDCCH transmission, overlapping EPDCCH sets, and stacking issues on TDD EPDCCH are discussed. Based on the discussion, following proposals are made: 
Proposal 1) The antenna port index should be used for determining the PUCCH A/N resource for localized EPDCCH to avoid collisions for the MU-MIMO transmission of EPDCCH.
Proposal 2) To enhance PUCCH resource utilization for L/D EPDCCH multiplexing in same PRB pairs, the proposed PUCCH resource mapping functions for localized and distributed EPDCCH should be used.

Proposal 3) In TDD, the UE can skip reserving PUCCH resource for the subframe where all the UEs configured with the EPDCCH set do not monitor the EPDCCH set.
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