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1. Introduction
One important aspect related to EPDCCH design is the ACK/NACK signalling for the PDSCH scheduled with EPDCCH. Discussion on implicit HARQ-ACK resource allocation in the case of EPDCCH took place in RAN1#70, where following agreements were reached [1]:

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. 

The key point in the agreement (highlighted with yellow) is that the HARQ-ACK resource allocation is done at least partly implicitly based on the eCCE indexing, and specifically on the lowest index of the corresponding EPDCCH. Resulting from this agreement, there is a clear need to define specific eCCE indexing principle to enable implicit HARQ-ACK resource allocation.  

In this contribution we discuss briefly our views on the eCCE indexing in support of implicit HARQ-ACK resource allocation. 
2. Discussion
As discussed, the issue to be decided is the definition of eCCE indexing within and EPDCCH set, i.e. across PRBs belonging to the EPDCCH set. The Figure 1 from [2] illustrates the basic scenario with EPDCCH set consisting of 1, 2, or 4 PRB pairs. As discussed in [2], the localized and distributed eCCEs are indexed as L-eCCE(i, j ), and D-eCCE(i, j ), respectively, where:

i = 0, 1,… (number of eCCE in a PRB pair - 1) is the index of the eCCE within a PRB pair, and  
j = 0, 1, … (number of PRB pairs in the EPDCCH set - 1) is the index of the PRB pair belonging to the EPDCCH set. 
What remains to be added on to of this is the EPDCCH set –specific eCCE indexing: 
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Figure 1. Illustration of distributed and localized eCCE to eREG mappings. Examples in case of {1,2,4} PRB pairs per EPDCCH set and N=4 eREGs per eCCE (i.e. 4 eCCEs per PRB pair) are shown [2].
There are two basic ways of indexing the eCCE in the EPDCCH set:

· Option A: Frequency (PRB pair) first, then eCCEs within PRB, or the other way around. 
· Option B: eCCEs within PRB first, then across PRBs

Using notation in [2], the two options can be expressed as:

· Option A: 
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· Option B:
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The options A and B are illustrated in Figure 2 assuming an EPDCCH of 4 PRBs with 4 eCCEs each. There do not appear to be any significant differences in terms of merits of the two Options. Option A has the slight advantage that assuming that lowest eCCE index j the is seldom e.g. 2 or 3, the PUCCH fragmentation may become less of an issue than with Option B. Therefore our proposal is to follow Option A.
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PRB0 PRB1 PRB2 PRB3 PRB0 PRB1 PRB2 PRB3

eCCE0 0 1 2 3 eCCE0 0 4 8 12

eCCE1 4 5 6 7 eCCE1 1 5 9 13

eCCE2 8 9 10 11 eCCE2 2 6 10 14

eCCE3 12 13 14 15 eCCE3 3 7 11 15


Figure 2. The two options for indexing the eCCEs within an EPDCCH set.
Proposal: The eCCE are indexed within the EPDCCH first in frequency (PRB pair) domain, and secondly according to eCCEs within each PRB. This can be expressed with the formula:
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where i = 0, 1,… (number of eCCE in a PRB pair - 1) is the index of the eCCE within a PRB pair, and j = 0, 1, … (number of PRB pairs in the EPDCCH set - 1) is the index of the PRB pair belonging to the EPDCCH set. 

3. Conclusions

In this contribution we discussed the eCCE indexing within a EPDCCH set to support implicit HARQ-ACK resource allocation. Two main alternatives were indentified, namely frequency-first, and eCCE-first mapping. Due to slightly lower PUCCH resource fragmentation our preference is to index eCCEs firstly in frequency (across PRB pairs) and secondly within the PRBs pairs. 
Proposal: The eCCE are indexed within the EPDCCH first in frequency (PRB pair) domain, and secondly according to eCCEs within each PRB. This can be expressed with the formula:
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= j + i * (number of PRBs in the EPDCCH set),
where i = 0, 1,… (number of eCCE in a PRB pair - 1) is the index of the eCCE within a PRB pair, and j = 0, 1, … (number of PRB pairs in the EPDCCH set - 1) is the index of the PRB pair belonging to the EPDCCH set. 
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