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1. Introduction
Until RAN1#68, several companies have raised an issue on physical uplink control channel (PUCCH) resource associated with enhanced physical downlink control channel (ePDCCH) [1]-[3]. However, this has not been discussed yet so far. In this contribution, PUCCH resources for ePDCCH are discussed.
2. Discussion
2.1. A/N associated with PDSCH indicated by ePDCCH

The introduction of ePDCCH has been studied in RAN WG1. In Rel.8-10 PUCCH format 1a/1b resource for dynamic A/N is tied to CCE index of PDCCH while PUCCH format 1a/1b resource for semi-persistently scheduled UEs or relay nodes is configured through RRC signalling. 
As ePDCCH features which are different from those of legacy PDCCH are discussed, we should consider associated dynamic PUCCH resources. Especially, whether ePDCCH share the same PUCCH resources with PDCCH or not has significant impact to UL design.

Table 1: Pros and Cons of separate or common PUCCH format 1a/1b resource(s) of dynamic A/N for PDCCH and ePDCCH
	
	Pros
	Cons

	Separate PUCCH resources for PDCCH and ePDCCH: i.e., ePDCCH does not share the PUCCH resources with PDCCH
	· Complexity for scheduling of PDCCH/ePDCCH is low.
	· PUCCH resources may not be fully utilized because of the fragmentation between the resource for PDCCH and ePDCCH.

· Overhead can be slightly large.

	Common PUCCH resource for PDCCH and ePDCCH: i.e., ePDCCH share the same PUCCH resources with PDCCH
	· One unified PUCCH resource can be utilized and no fragmentation issue among them.

· Overhead may be slightly small.
	· Scheduler has to avoid a collision between PUCCH for PDCCH and that for ePDCCH.


Table 1 shows benefits and drawbacks of PUCCH resource sharing between PDCCH and ePDCCH. It is obvious that there is trade-off relationship between scheduling complexity and overhead. As below, we analyse these features more detail.
In particular, there are several schemes which can make the region of PUCCH 1a/1b resource for ePDCCH separate from the region of PUCCH 1a/1b resource for PDCCH. One is that UE-specific PUCCH resource offset is adopted instead of (or in addition to) legacy N(1)PUCCH. Another is that candidates of PUCCH 1a/1b resources for ePDCCH are directly configured via RRC signalling. In this case, the region for PUCCH 1a/1b resource for ePDCCH can be arranged below the legacy region though Figure 2 shows the example that it is located above. 

Observation 1:

Detailed configurations of PUCCH 1a/1b resources for ePDCCH are FFS

· For example,

· UE-specific PUCCH resource offset is adopted instead of (or in addition to) legacy N(1)PUCCH. 

· Candidates of PUCCH 1a/1b resources for ePDCCH are directly configured via RRC signalling.

Firstly we focus on a case that PUCCH resource is tied to eCCE (or CCE) index of ePDCCH too. Even though it is not clear how to define eCCE index in ePDCCH, it may cause the PUCCH resource contention if eNB allocates DL grants to a CCE and an eCCE which have the same index number in a subframe. Otherwise, UEs may have to know the number of CCEs in PDCCH even if the UE is configured with ePDCCH. To avoid the above situation, at least the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH as shown in Figure 2.
Next, we think about a case that PUCCH resource for ePDCCH is assigned through RRC signalling. It has been assumed RRC configured PUCCH resources are reserved in the separate region from that for PUCCH format 1a/1b resource tied to CCE index of PDCCH due to scheduling flexibility of the PDCCH. For the same reason, the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH in this case as well.
Assumption a:

· It is assumed that PUCCH format 1a/1b resource for dynamic A/N is tied to CCE/eCCE index of PDCCH/ePDCCH.
Observation 2-a:

· It may cause the problem to share the common region for PUCCH 1a/1b resources for the DL grant both on ePDCCH and PDCCH if eNB allocates DL grants to a CCE and an eCCE which have the same index number in a subframe.
Assumption b:

· It is assumed that PUCCH resource for ePDCCH is assigned through RRC signalling.
Observation 2-b:

· In Rel.8-10, RRC configured PUCCH resources are reserved in the different region from that for PUCCH format 1a/1b resource tied to CCE index of PDCCH due to scheduling flexibility of the PDCCH. Similar solution can be applied to PUCCH resources for ePDCCH.
According to the above observation, it is preferable that at least the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH. Details of PUCCH 1a/1b resource configuration should be discussed under UL CoMP agenda item[4].

Proposal:

· At least the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH.

· Details of PUCCH 1a/1b resource configuration should be discussed under UL agenda item.
3. Conclusion

Based on the above discussion, Sharp proposes that:
Proposal :

· At least the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH.
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