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1. Introduction

At the RAN WG1 #70 meeting, details regarding PUCCH resource allocation for the EPDCCH were intensively discussed [1], [2] and the following agreements were reached. 
· 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. 
It was also agreed that K EPDCCH sets are configured in a UE specific manner. In addition, considering the agreement above, i.e., enhanced control channel element (ECCE) indexed per EPDCCH set, how to design the PUCCH resource offset to add it to each EPDCCH set, i.e., Option A or B, is important. In this contribution, we compare both options in terms of the PUCCH resource overhead, PUCCH resource collision, and downlink control information (DCI) overhead, and describe our views on the options.
2. PUCCH Resource Allocation for EPDCCH
The PUCCH resource for the PDSCH allocated via the legacy PDCCH is implicitly obtained from the CCE index as
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 is the lowest index of the CCE and 
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 is configured by higher layer signaling. Regarding the PUCCH resource for the PDSCH allocated via the EPDCCH, the same approach is applied using the lowest ECCE index provided for each EPDCCH set. With the agreed PUCCH resource starting offset, 
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, for EPDCCH set s, the PUCCH resource for the EPDCCH can be written as
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 is the lowest ECCE index. Using the lowest ECCE index as 
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 is the most straightforward at least for single-user MIMO. For multi-user MIMO, an offset value associated with the demodulation reference signal (DM-RS) antenna port (AP) could be further added, or 
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 can be another CCE index associated with the DM-RS AP. 
Figure 1 shows an example of configuring multiple EPDCCH sets per UE. Since multiple EPDCCH sets are configured via UE-specific higher layer signaling, a different EPDCCH set is assigned to a different group of UEs. In Fig. 1, as a result, 4 EPDCCH sets are seen from the network (NW) perspective while only 2 EPDCCH sets are seen from the UE perspective. In such a case, a set specific offset, 
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, must be properly chosen to avoid PUCCH resource collision problems since 
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 is indexed per EPDCCH set. 
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Figure 1 – Example of EPDCCH configuration.
3. PUCCH Resource Offset for Multiple EPDCCH Sets 

3.1
Semi-static PUCCH Resource Offset
Based on the discussion in Sect. 2, we consider the following 2 approaches to determine a semi-static offset.
· Alt. 1: Set specific offset determined from the NW perspective
Figure 2 shows the PUCCH resource indexing when the set specific offset is determined from the NW perspective. Each offset value is determined so that PUCCH resource collision among all the EPDCCH sets does not occur. However, in this alternative, an excessive PUCCH resource overhead is required. Particularly, when the number of PRB pairs per set, i.e., the number of ECCEs, is large, the issue regarding PUCCH resource overhead becomes serious. One way to reduce the PUCCH overhead is to configure the offset values so that the PUCCH resources corresponding to different EPDCCH sets are partially overlapped. In this case, the eNodeB scheduler must avoid PUCCH resource collision. However, such a restriction to the eNodeB scheduler for this purpose is not preferred.
· Alt. 2: Set specific offset determined from the UE perspective
Figure 3 shows the PUCCH resource indexing when the set specific offset is determined from the UE perspective. In this alternative, although the PUCCH overhead is lower, the PUCCH resources of different EPDCCH sets collide with each other since the ECCE indices, 
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, of different EPDCCH sets are the same. However, if the offset value is properly controlled among the EPDCCH sets, the PUCCH resource collision issue can be resolved. 

Observation: Semi-static PUCCH resource offset for each EPDCCH set is not sufficient to avoid PUCCH resource collision while reducing the PUCCH resource overhead.
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Figure 2 – PUCCH resource indexing when determining set specific offset from NW perspective.
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Figure 3 – PUCCH resource indexing when determining set specific offset from UE perspective.

3.2
Dynamic PUCCH Resource Offset
Reusing the ACK/NACK resource indicator (ARI) supported in Rel-10 carrier aggregation was suggested in [3] and [4]. This ARI can also be applied to multiple EPDCCH sets in order to indicate dynamically the offset value. An example of the offset values indicated by the 2-bit ARI is shown in Table I. A usage case for this ARI is also shown in Fig. 4. When either EPDCCH set #2 or set #3 is not used, the ARI value of ‘01’ in Table I indicates that the PUCCH resource is shifted. In this way, the PUCCH overhead can be dynamically controlled depending on the usage of the EPDCCH set while the PUCCH resource collision problem among different EPDCCH sets can be avoided. There is a concern regarding the increased overhead of the DCI. However, adding a few bits to the DCI may not be an issue since higher aggregation level such as 16 ECCEs would be supported in the EPDCCH compared to the legacy PDCCH.
Proposal: The ARI should be supported to avoid resource collision among multiple EPDCCH sets.

Table I – Example of Offset Value Indicated by ARI.
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Figure 4 – ARI usage case for multiple EPDCCH sets.

4. Conclusion

In this contribution, we presented details regarding the PUCCH resource allocation for the EPDCCH and compared semi-static and dynamic PUCCH resource offset to be added to each EPDCCH set. In order to avoid PUCCH resource collisions among multiple EPDCCH sets while dynamically controlling the PUCCH overhead, we propose the following.
Observation: Semi-static PUCCH resource offset for each EPDCCH set is not sufficient to avoid PUCCH resource collision while reducing the PUCCH resource overhead.

Proposal: The ARI should be supported to avoid resource collision among multiple EPDCCH sets.
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