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1 Introduction

In RAN1#70 and RAN1#70bis, several agreements on PUCCH for EPDCCH were made [1][2] (summarized below).
	Agreement in RAN1#70 on PUCCH resource allocation:

· 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. 
Conclusion in RAN1#70bis: No additional RRC bits for PUCCH resource allocation configuration. 


In this contribution, we discuss TDD aspect of PUCCH resource allocation for EPDCCH. FDD aspect and ARI adoption are discussed in [3].
2 Discussion
2.1 EPDCCH-PUCCH resource allocation

For EPDCCH-PUCCH resource allocation, reuse of the concept of PDCCH-PUCCH resource allocation is a baseline. For PUCCH resource allocation for PDCCH, the parameter m is used to group the PUCCH resources corresponding to the multiple DL subframes. For EPDCCH, PUCCH resources corresponding to one DL subframe should be grouped and indexed by m value. Such grouping of multiple subframes should be carried out for each EPDCCH set for the flexibility of the semi-static signalling of the PUCCH resource start index. 

The PUCCH resource corresponding to multiple DL subframes for an EPDCCH set is called as PUCCH resource region in this document.
In PDCCH, the resource for one DL subframe is separated by the parameter c and its corresponding resource size Nc+1 – Nc. Thanks to the parameter c, only small amount of PUCCH resources are used when only small number of PDCCH is used for each DL subframe. However for EPDCCH, the number of PUCCH resources for an EPDCCH set is smaller than that for PDCCH, there is no big incentive to introduce the parameter c for EPDCCH. 
According to above discussion, the PUCCH resources for EPDCCH in TDD could be illustrated as following figure 1. 
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Fig.1   PUCCH resource region 
Proposal1: PUCCH resources for multiple DL subframes are grouped together for each EPDCCH set. Each PUCCH resource for single DL subframe is indexed by m similar to the case of PDCCH.
Proposal2: PUCCH resources for single DL subframe are not separated with parameter c for EPDCCH.

2.1.1 The case of a single EPDCCH set configured to a UE

In this section, we discuss the behaviour corresponds to an EPDCCH set. 

The size of PUCCH resource for single DL subframe of an EPDCCH set is denoted as NUL . 

The size of EPDCCH resource in an EPDCCH set expressed as ECCE is denoted as NeCCE. 

To set NUL = NeCCE simplifies the resource management among multiple DL subframes. It also minimizes the PUCCH resource size. Therefore, we propose NUL = NeCCE. 

An ECCE is realized by 4 EREGs in normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP). An ECCE is realized by 8 EREGs in special subframe configs 1,2,6,7,9 (normal CP), normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP). In FDD except the condition "the positioning reference signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is normal CP", all subframes in a radio frame for PDSCH are either normal CP or extended CP. Therefore, whether ECCE is realized by 4 EREGs or 8 EREGs is same to all subframes in a radio frame except positioning subframe related special condition.  For TDD, there are cases that in some subframes ECCE is realized by 4 EREGs, and in some subframes by 8 EREGs. NeCCE is different depending whether ECCE is realized by 4 EREGs or 8 EREGs. We propose NeCCE is the number of ECCEs in the corresponding DL subframe. 

[image: image2.emf] 

Subframe 

X

Subframe 

X+1

Subframe 

X+2

Subframe 

X+3

 m=0  m=1  m=2  m=3

Subframe 

X+1

DL

UL

N

eCCE

N

UL


Fig.2   PUCCH resource size corresponding to DL resource size 
Proposal3: The size of PUCCH resource for a DL subframe is equal to the number of ECCEs in an EPDCCH set in the corresponding DL subframe. 

According to the latest agreement of EPDCCH, the lowest aggregation level can be 2 depending on the number of available REs in a PRB pair. If the number of available REs in a PRB pair is less than Xthresh in a normal subframe (normal CP) or a special subframe with special subframe configurations 3, 4 or 8 (normal CP), the lowest aggregation level is 2. Therefore, to have PUCCH resource for each ECCE in case that the lowest aggregation level is 2 is waste of the PUCCH resource. On the other hand, the number of available REs in a PRB pair is derived from EPDCCH starting OFDM symbol and EPDCCH starting symbol has the case determined by PCFICH. There are some cases that PCFICH is misdetected. If PUCCH resource size is compressed when the lowest aggregation level is 2, PUCCH resource size has ambiguity when PCFICH is misdetected. This ambiguity on PUCCH resource size impacts starting PUCCH resource index of the next subframe of PCFICH misdetected subframe. Hence we propose not to introduce PUCCH resource compression even in the case that the lowest aggregation level is 2. Technically to have the compression only when EPDCCH starting OFDM symbol is semi-statically signalled is possible but we don't think it is worth optimization for the finalization of release 11.
Proposal4: PUCCH resource size is unchanged even when the lowest aggregation level is 2.
In RAN1#70bis, it was agreed that the subframes where UE monitors UE-specific search space on EPDCCH are signalled by a new bitmap that has the same periodicity and size as those used for eICIC. In the subframes when UE-specific search space is PDCCH, the PUCCH resource for EPDCCH is not used. When this bitmap is used for PMCH reception or FeICIC purpose, even if this bitmap is UE dedicated signal, common configuration among UEs is expected. On the other hand, when this bitmap is used to improve the reliability of downlink control channel, the configuration when PDCCH is received could be different among UEs. In such case, to compress PUCCH resource in the subframe used only for PDCCH makes the PUCCH resource positions per subframe not aligned among UEs whose PUCCH resource is overlapped. Therefore, we propose not to compress the PUCCH resource even when the subframe is only for PDCCH.
Proposal5: PUCCH resource size is kept even when the subframes are only PDCCH reception signalled by the bitmap to select whether UE-specific search space is PDCCH or EPDCCH.
2.1.2 The case of two EPDCCH sets configured to a UE

According to the agreements in RAN1#70 and RAN1#70bis, at most two EPDCCH sets can be configured to a UE, and their sizes can be different. We discuss PUCCH resource allocation for the case of two EPDCCH sets.

As discussed in section 2.1, we call the PUCCH resource corresponding to multiple DL subframes to an EPDCCH set as "PUCCH resource region" in this document. The semi-static offset for PUCCH resource region is flexible. Therefore, we discuss two types of the configuration; two PUCCH resource regions are overlapped or non-overlapped. By overlapping PUCCH resource region, the PUCCH resource size can be minimized but more possibility of the PUCCH resource collision. By non-overlapping PUCCH resource region, the PUCCH resource size is larger but PUCCH resource collision never happens. Current agreement already allows both types of the operation as the trade-off between PUCCH resource size and collision. Note that partial overlapping is also allowed but not discussed further in this document.
The EPDCCH set size can be different between two EPDCCH sets. Therefore, NeCCE for EPDCCH set 1 can be different from NeCCE for EPDCCH set 2.  In case PUCCH resource regions are non-overlapped, to set NUL equal to NeCCE for each EPDCCH set can minimize the PUCCH resource size. In case PUCCH resource regions are overlapped, Figure 3 shows three options. Option a is described as Figure 3a where NUL is decided as the smallest value of NeCCE between two EPDCCH sets. Option b is described as Figure 3b where the largest value of NeCCE between two EPDCCH sets. Option c is described as Figure 3c where NUL is decided as the sum of values of NeCCE for two EPDCCH sets. Option a can minimize the worst case overhead with the cost of scheduling complexity because multiple subframes relation needs to be taken into account. Option b can ensure no overlap among multiple subframes but larger worst case overhead of PUCCH than option a. Option c can ensure no overlap between EPDCCH sets and among multiple subframes but PUCCH overhead is always the worst among three options. 
Even if ARI is available [3], option a has some scheduling complexity for the collision of PUCCH resources between EPDCCH sets and/or DL subframes. The equivalent option with option c, i.e. no overlap between EPDCCH sets, can be realized by configuring semi-static offsets for PUCCH resource regions with a large distance. Therefore, option b can have flexibility of overlapping or non-overlapping operation by the semi-static offset. Hence our preference is to take option b.
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Fig.3   PUCCH resource size corresponding to DL resource size for overlapped case
Proposal6: When two EPDCCH sets are configured and the PUCCH resources for multiple subframes for the EPDCCH sets are not overlapped, the same operation with single EPDCCH configuration is applied.  When two EPDCCH sets are configured and the PUCCH resources for multiple subframes for EPDCCH sets are overlapped, the size of PUCCH resource for a DL subframe is decided by the largest size of the number of ECCEs between two EPDCCH sets
2.2 Mapping of PUCCH resources with large dynamic offset by ARI

In [3], we propose to have ARI for FDD case. We also further propose that to have differentiation of ARI value according to the overlap among PUCCH resource for each EPDCCH. If the resources are overlapped, the dynamic offset by ARI is small like +1. If the resources are not overlapped, the dynamic offset by ARI is large. In FDD, we propose to use PUCCH resource size itself as ARI value. 
For TDD, we at least identify two methods for the large dynamic offset of ARI. 

Method 1: the large offset corresponds to one subframe EPDCCH resource size (Figure 4a).
Method 2: the large offset corresponds to multiple DL subframe PUCCH resource size (Figure 4b).
Method 2 tends to have larger worst PUCCH overhead than Method 1. Method 1 leaves PUCCH collision issue to later DL subframes in the same bundling window, hence scheduling complexity would increase when the value of m is larger in Method 1. 
According to the bundling window design, when a bundling window size is larger than 2, it always includes special subframe, and the special subframe is mapped to the largest value of m in the bundling window irrespective of time-domain order of DL/special subframes. In special subframes, DL assignment is less scheduled due to smaller size of PDSCH resource than in normal DL subframes, therefore PUCCH resource for a special subframe is less used and PUCCH collision issue could be easily managed as ARI is available.

According to above discussion, we propose the large dynamic offset corresponds to one subframe EPDCCH resource size for the EPDCCH set.
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Fig.4   large dynamic offset by ARI for overlapped case
Proposal7: if ARI is supported and ARI supports large dynamic offset, the large dynamic offset corresponds to one subframe EPDCCH resource size for the EPDCCH set.
According to our proposals above, 
PUCCH resource for EPDCCH set i is described in the formula as below (Proposal 8):
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· when single EPDCCH set is configured, or when two EPDCCH sets are configured and the PUCCH resources for multiple subframes for the EPDCCH sets are not overlapped, 
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· when two EPDCCH sets are configured and the PUCCH resources for multiple subframes for EPDCCH sets are overlapped,
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· If ARI is not agreed in FDD, 
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3 Conclusion 
In this contribution, we discussed TDD aspects of PUCCH resource allocation for EPDCCH. We propose the following:

Proposal1: PUCCH resources for multiple DL subframes are grouped together for each EPDCCH set. Each PUCCH resource for single DL subframe is indexed by m similar to the case of PDCCH.

Proposal2: PUCCH resources for single DL subframe are not separated with parameter c for EPDCCH.

Proposal3: The size of PUCCH resource for a DL subframe is equal to the number of ECCEs in an EPDCCH set in the corresponding DL subframe. 

Proposal4: PUCCH resource size is unchanged even when the lowest aggregation level is 2.

Proposal5: PUCCH resource size is kept even when the subframes are only PDCCH reception signalled by the bitmap to select whether UE-specific search space is PDCCH or EPDCCH.
Proposal6: When two EPDCCH sets are configured and the PUCCH resources for multiple subframes for the EPDCCH sets are not overlapped, the same operation with single EPDCCH configuration is applied.  When two EPDCCH sets are configured and the PUCCH resources for multiple subframes for EPDCCH sets are overlapped, the size of PUCCH resource for a DL subframe is decided by the largest size of the number of ECCEs between two EPDCCH sets

Proposal7: if ARI is supported and ARI supports large dynamic offset, the large dynamic offset corresponds to one subframe EPDCCH resource size for the EPDCCH set.
Proposal8: PUCCH resource for EPDCCH set i is described in the formula as below:
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· when two EPDCCH sets are configured and the PUCCH resources for multiple subframes for EPDCCH sets are overlapped,
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· If ARI is not agreed in FDD, 
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