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1 Introduction

For an HARQ-ACK signal transmission using PUCCH Format 1a/1b in response to an EPDCCH detection, it was agreed in RAN1#70 that the lowest respective ECCE index (per EPDCCH set) will be a component for determining the PUCCH resource and a UE will be configured with a semi-static PUCCH resource starting offset for each EPDCCH set.

The FFS aspects include whether the EPDCCH (scheduling PDSCH) needs to include a PUCCH resource indication field (ARI), whether or not to use the EPDCCH or PDSCH DMRS AP index in case of a localized EPDCCH, and TDD related aspects.
This contribution considers the previous FFS aspects for FDD and some additional aspects related to the variation of the minimum ECCE aggregation level (AL) for DCI format 1A between 1 ECCE and 2 ECCEs depending on the number of REs available for transmitting EPDCCH per ECCE per subframe [1]. TDD operation is considered in [2].
2 Dynamic Indication of PUCCH Resource
The use of EPDCCH set specific offsets allows for full flexibility on the degree of overlapping, including no overlapping and full overlapping, among PUCCH resources corresponding to EPDCCH sets and to PDCCH [3].

For no overlapping, the offset for the first EPDCCH set (e.g. for distributed EPDCCH) can account for a maximum number of CCEs (i.e. for a maximum number of PDCCH symbols). The offset for remaining (UE-specific) EPDCCH sets of the same type (e.g. distributed) may either additionally account for the maximum ECCEs in all previous respective EPDCCH sets (in case fully non-overlapping PRB pairs are used for each EPDCCH set) or have the same value as the offset for the first EPDCCH set (in case the next EPDCCH set fully includes the PRB pairs of the previous EPDCCH set). The offset for the (UE-specific) localized EPDCCH set can account for the total number of ECCEs in distributed EPDCCH sets. Collisions of PUCCH resources are avoided at the expense of significant PUCCH resource overhead particularly considering that the maximum number of ECCEs will be considerably larger than the maximum number of CCEs (worse EPDCCH BLER, less available REs per ECCE than per CCE) leading to a significant consumption of UL resources particularly in TDD. Moreover, a significant majority of these PUCCH resources will be unutilized.
Observation 1: EPDCCH set specific offsets can provide orthogonal PUCCH resources for HARQ-ACK transmissions corresponding to PDCCH/EPDCCH detections but only at the expense of significant UL throughput loss.  

For full overlapping, all offsets may be set, for example, to zero (if they are in addition to the cell-specific offset 
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). The obvious problems in this case are the PUCCH resource collisions and, in order to avoid them, the significant scheduler restrictions and increase in EPDCCH blocking probability (and decrease in EPDCCH resource utilization). For example, only one of the many possible CCE/ECCEs with index n can be used to transmit a PDCCH/EPDCCH scheduling a PDSCH – the remaining CCE/ECCEs with index n are blocked for the purposes of PDSCH scheduling. In TDD, this restriction needs to carry over multiple subframes in the bundling window. Also, SORTD would further increase scheduler restrictions and PDCCH/EPDCCH blocking probability as CCEs and ECCEs with index n and n+1 cannot be used to schedule PDSCH in the same subframe. If the offsets are different among some respective UEs, for example UE1 has offset1 and UE2 has offset2, the problem effectively remains unchanged and only the CCEs/ECCEs that cannot be used change (their difference cannot be equal to offset1 or offset2).    
The above analysis shows the problem of collisions of PUCCH resources even for a single EPDCCH set. From a fundamental perspective, this problem is due to the fact that unlike Rel-10 where there is a one-to-one mapping among PUCCH resources, the CCEs/ECCEs of multiple respective search spaces are now mapped to the same PUCCH resources. This problem will of course be further exacerbated once multiple EPDCCH sets are considered.  

Observation 2: EPDCCH set specific offsets can provide fully overlapping PUCCH resources for HARQ-ACK transmissions corresponding to PDCCH/EPDCCH detections but only with significant scheduler restrictions and DL throughput loss.  

While no overlapping of PUCCH resources will incur UL throughput loss (due to a significant increase in UL overhead) without penalizing DL throughput and full overlapping will incur DL throughput loss (due to scheduler restrictions and increased PDCCH/EPDCCH blocking) without directly penalizing UL throughout, partial overlapping of PUCCH resources may be used to limit the UL/DL throughput losses by incurring both DL throughput loss and UL throughput loss. None of these network choices are desirable or consistent with the objectives of EPDCCH operation. 
Observation 3: Partial overlapping of PUCCH resources can avoid excessive UL throughput loss or DL throughput loss but will incur both DL and UL throughput losses.

As the average number of scheduled PDSCHs/TBs per subframe will not depend (in most cases) on whether scheduling is by PDCCH, or by EPDCCH, or by both PDCCH and EPDCCH, the total PUCCH resources for respective HARQ-ACK transmissions due to scheduling by EPDCCH should not increase. This is also mandated by the objective that EPDCCH operation should not lead to worse spectral efficiency than PDCCH operation.

Observation 4: Using EPDCCH should not increase the associated PUCCH overhead for HARQ-ACK transmissions. 

Similar to the resources for all other HARQ-ACK transmissions (PHICH in DL or PUCCH Format 3 in UL), the resources for PUCCH Format 1a/1b can use a “many-to-one” CCE/ECCE based mapping to control the overhead and a field (A/N resource indicator or ARI) in the DCI formats scheduling PDSCH can be used to avoid collisions. The ARI field can also inherently provide additional functionalities for HARQ-ACK transmissions such as MU-MIMO support for EPDCCHs and SORTD for HARQ-ACK. Naturally, the larger the size of the ARI field the better its PUCCH resource collision avoidance properties but considering that the legacy PUCCH resources are substantially underutilized, a size of 2 bits is sufficient. Given that due to the EPDCCH design an AL of 1 ECCE is unlikely and that UEs configured with SORTD are unlikely to have PDCCH/EPDCCH with AL of 1 CCE/ECCE, the mapping of the ARI bits can be to the values of 0, 1, 2, and 3. 
Fundamentally, PUCCH Format 1a/1b resource compression can be achieved because due to the frequent use of more than 1 CCE/ECCE for transmitting an PDCCH/EPDCCH and due to existence of PDCCHs/EPDCCHs scheduling PUSCHs, the 1-to-1 mapping between a CCE/ECCE and a PUCCH Format 1a/1b resource can be very sparse while PUCCH Format 1a/1b BER is not interference limited. For example, for 20 MHz, 3 OFDM symbols for PDCCH resulting to about 86 CCEs, and about 10 UEs with dynamically scheduled PDSCH in a subframe, only 1 out of 8 PUCCH Format 1a/1b resources may be occupied. 
The tradeoff between increasing the size of DL DCI formats by 2 bits versus increasing the PUCCH overhead is subsequently considered. Considering DCI Format 2C at 10 MHz, the inclusion of a 2 bit ARI represents an overhead increase of 3.4% (FDD, no CIF, with A-SRS trigger). For 2/3 of EPDCCHs carrying DL DCI formats, the total increase in EPDCCH overhead is about 2.3%. Finally, for 24% EPDCCH DL overhead (e.g. 12 PRB pairs at 10 MHz), the total penalty of the ARI field on the DL BW is about 0.55%.

Conversely, for completely non-overlapping PUCCH resources for PDCCHs and EPDCCHs, 12 PRB pairs (4 ECCEs per PRB pair), and 
[image: image2.wmf]2

PUCCH

shift

=

D

, about 2.67 additional RBs are needed for PUCCH Format 1a/1b which, at 10 MHz, represent an additional loss of at least 5.4% in UL BW (without considering possible fragmentation of resources for PDCCH and for EPDCCH). For partially overlapping PUCCH resources, the loss in UL BW will be smaller but there will also be a loss in DL BW.
Observation 5: An ARI field in DCI formats scheduling PDSCH significantly improves a DL/UL resource utilization tradeoff, while minimizing scheduler restrictions and maximizing EPDCCH utilization, and can also support avoidance of PUCCH resource collisions for MU-MIMO EPDCCH transmissions and SORTD HARQ-ACK transmissions. 
Proposal 1: A DCI format scheduling a PDSCH can be configured to include a 2-bit ARI field for indexing a respective PUCCH Format 1a/1b resource. 

3 PUCCH Resource Mapping from Lowest ECCE Index
For the determination of a PUCCH Format 1a/1b resource, 
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, in response to an EPDCCH detection, the variation of the supportable ECCE ALs per subframe (to account for the varying number of available REs per ECCE), should be considered to reduce the respective overhead. When an AL of 1 ECCE can be used in a subframe to transmit an EPDCCH, the lowest ECCE index, 
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, can be used as an implicit index for 
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 as in Rel-10. However, when the minimum AL is 2 ECCEs, determining 
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 will result to unnecessary UL overhead as at least every other PUCCH resource will be unused. Instead, without considering use of ARI, 
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 can be determined as
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where 
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 is the EPDCCH set specific offset. 

Therefore, with the inclusion of ARI field in DCI formats scheduling PDSCH, 
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for DL subframes with minimum AL of 1 ECCE, and
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for DL subframes with minimum AL of 2 ECCEs.
Proposal 2: The PUCCH Format 1a/1b resource, 
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, in response to an EPDCCH detection is determined as
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in response to an EPDCCH detection in DL subframes with minimum AL of 1 ECCE and as

[image: image16.wmf]ë

û

E

PUCCH

ECCE

E

PUCCH

)

ARI

(

2

N

f

n

n

+

+

=

   

in response to an EPDCCH detection in DL subframes with minimum AL of 2 ECCEs.

4 Conclusions

This contribution considered the determination of a PUCCH resource for a UE to transmit an HARQ-ACK signal in response to respective ePDCCH detection. In particular, the following are proposed. 

Proposal 1: A DCI format scheduling a PDSCH can be configured to include a 2-bit ARI field for indexing a respective PUCCH Format 1a/1b resource. 

Proposal 2: The PUCCH Format 1a/1b resource, 
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in response to an EPDCCH detection in DL subframes with minimum AL of 1 ECCE and as
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in response to an EPDCCH detection in DL subframes with minimum AL of 2 ECCEs.
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