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1 Introduction

HARQ-ACK transmission aspects in response to ePDCCH detection were extensively discussed in RAN1#69 and on the email reflector after RAN1#69 based on [1]. 
An outcome of the discussions was the following agreement:
· The PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH is at least partly implicitly determined

·     FFS which resource index could be used 

· Specification support for avoiding collisions of PUCCH format 1a/1b resources corresponding to ePDCCH and PDCCH is provided

·     FFS how to provide collision avoidance

This contribution addresses the above FFS aspects. For brevity, only PUCCH format 1a/1b is considered. For PUCCH format 3, the Rel-10 method for HARQ-ACK resource determination remains applicable. For PUCCH format 1b with channel selection, the same analysis as for PUCCH format 1a/1b applies.
2 PUCCH Format 1a/1b Resources

The first FFS aspect of the agreement is to specify what a PUCCH Format 1a/1b resource is (at least partly) implicitly determined from. Suggested alternatives are the same as the ones considered in Rel-8; namely the (now legacy) use of the lowest eCCE index of the ePDCCH (possibly with some modification for MU-MIMO ePDCCH) and the PDSCH PRB index. The latter was not adopted in Rel-8 as it complicates a solution for SPS release, MU-MIMO scheduling (if ARI is not used), and may actually result to more overhead than the eCCE based approach (e.g. at 20 MHz, 100 or more (for MU-MIMO) resources need to be reserved for PRB-based mapping while the reserved resources for CCE-based mapping scale with the total PDCCH size and are at most about 86). Moreover, for CA with cross-carrier scheduling, similar to MU-MIMO PDSCH, a PRB-based mapping requires either scheduler restrictions or an ARI field to avoid resource collisions. The same savings percentage of PUCCH Format 1a/1b resources (compression) can be achieved with an ARI field both for PRB-based mapping and for the conventional CCE/eCCE-based mapping. Therefore, the lowest eCCE index is proposed as the implicit component in the PUCCH Format 1a/1b resource mapping. 

Proposal 1: A PUCCH Format 1a/1b resource is implicitly determined from the lowest eCCE index of the corresponding ePDCCH. 

The second FFS aspect of the agreement is now considered. The same operation and PUCCH Format 1a/1b overhead as in Rel-10 could be achieved by considering the total CCEs/eCCEs used to transmit respective PDCCHs/ePDCCHs and a 1-to-1 mapping to PUCCH Format 1a/1b resources. However, this may not be possible. A Rel-11 UE configured for scheduling by ePDCCH can know the CCEs for PDCCHs either by decoding the PCFICH or by higher layer signaling of a number of OFDM symbols for the legacy DL control region. This is the same as when a UE determines the starting PDSCH/ePDCCH OFDM symbol. However, exact knowledge of the eCCEs used for ePDCCHs is a more complex issue as, unlike the CCEs, the eCCEs can be UE-specific (e.g. for ICIC or CoMP purposes). Two alternatives exist. 
In the first alternative, a UE is informed (by RRC) of the maximum sets of PRB pairs that can be used to transmit distributed ePDCCHs and localized ePDCCHs in a subframe. The main drawback of this first alternative is the increased PUCCH Format 1a/1b overhead when the maximum number of PRB pairs is not used in a subframe. Figure 1 shows an example of the combined CCE/eCCE indexing for the first alternative where eCCEs for distributed ePDCCHs can be indexed first and eCCEs for localized ePDCCHs are indexed second (also, the different sets of PRB pairs may be only for distributed ePDCCHs or only for localized ePDCCHs). As an ARI is not used, additional parameters such as a non-lowest eCCE index or a DMRS AP are needed to support MU-MIMO ePDCCH.

[image: image1]
Figure 1: Allocation of PUCCH Format 1a/1b resources with 1-to-1 mapping to number of CCEs, to maximum number of distributed eCCEs, and to maximum number of localized eCCEs.
In the second alternative, a UE is only aware of its UE-specific eCCEs in a subframe. The main drawback of the second alternative is the possibility of collisions as a 1-to-1 mapping between eCCE index and PUCCH Format 1a/1b resource is not maintained since different UEs may have the same UE-specific eCCE index. Figure 2 shows the combined CCE/eCCE indexing for the second alternative. Only distributed ePDCCHs are considered for clarity (the issues are the same if localized ePDCCHs are also considered). If a UE is only aware of its own set of PRB pairs for ePDCCH transmissions, among a total of K such sets of PRB pairs, then multiple eCCEs map to the same PUCCH Format 1a/1b resource and collisions can occur. Possible mechanisms to resolve such collisions are the introduction of either UE-specific PUCCH Format 1a/1b resource offsets, or of an ARI field (as for the PHICH or for the PUCCH Format 3 resource determination in Rel-10), or both. 
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Figure 2: Many-to-one mapping for PUCCH Format 1a/1b resources corresponding to ePDCCHs.
If UE-specific offsets are to avoid PUCCH Format 1a/1b resource collisions without scheduler restrictions, a network needs to set their values so that they correspond to the maximum eCCEs for each of the possible sets of PRB pairs. Then the second alternative is just a different realization of the first alternative and the same drawback of unnecessary UL overhead, particularly considering multiple sets of PRB pairs for both distributed ePDCCHs and localized ePDCCHs, applies. The first alternative is then preferred as it is also beneficial for UEs to know which PRB pairs are used to transmit ePDCCHs to other UEs (especially distributed ones) as this can make respective RBGs available for PDSCH scheduling to the former UEs and avoid scheduler restrictions. With overlapping PUCCH Format 1a/1b resource, similar to PHICH and PUCCH Format 3, the use of an ARI field is needed to resolve collisions and avoid unnecessary UL overhead at the expense of introducing DL overhead for ARI bits in DCI formats scheduling PDSCH. 
Which mechanism of the second alternative is more appropriate (UE-specific offsets, ARI field, or both) depends on the related assumptions. As a somewhat heuristic example, for an average DCI format size of 50 bits (although typically DL DCI formats have larger size than UL DCI format) and equal partitioning of DCI formats for PDSCH and PUSCH (although typically more DCI formats are for DL than for UL), an ARI field of 2 bits results to a rather marginal additional DL control overhead of 2%. Conversely, for 2 UE-specific sets of PRB pairs for localized ePDCCHs, with either 16 or 32 eCCEs in each set (e.g. each set uses either 4 or 8 PRB pairs per subframe), no PRB sets for distributed ePDCCHs, and 
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, the number of RBs needed to avoid collisions (without ARI) is 4 while, on average, 3 RBs can suffice. As 1 additional RB in UL is equivalent to 1 PRB pair in DL, the increase in UL overhead is much larger than in the DL (and this difference will further increase if PRB pairs for distributed ePDCCHs are also considered). 

An ARI field can also help provide additional functionalities such as PUCCH Format 1a/1b resource compression, collision avoidance in case MU-MIMO ePDCCHs, allow for a fixed number (four) of eCCEs per PRB pair without increasing UL overhead, and assist in reducing UL control overhead for UL CoMP [2].
PUCCH Format 1a/1b resource compression can be achieved by sharing of resources corresponding to PDCCHs, to distributed ePDCCHs, and to localized ePDCCHs since due to the frequent use of more than 1 CCE/eCCE for transmitting an PDCCH/ePDCCH, due to existence of PDCCHs/ePDCCHs scheduling PUSCHs, and due to the existence of UE-common control signaling, 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 DL BW, 3 OFDM symbols for DL control resulting to about 86 CCEs, and about 10 UEs with dynamically scheduled PDSCH in a respective subframe, only 1 out of 8 PUCCH Format 1a/1b resources may be occupied. Compression of PUCCH Format 1a/1b resources can be enabled in the same manner as for PHICH or for PUCCH Format 3 through the use of an ARI field. The UL overhead savings can be significant considering that the PUCCH Format 1a/1b overhead can be as 6%-10% (depending on the number of CCEs/eCCEs and the 
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 value) of the total UL BW and a 2x-3x compression is relatively easy to achieve with a 2-bit ARI field while still having a sparse resource mapping. 

Support for HARQ-ACK transmission in conjunction with the use of MU-MIMO is transparent when an ARI field is included in respective ePDCCHs scheduling PDSCHs. Otherwise, additional specifications (other than the Rel-10 based one using the lowest eCCE index) considering either additional eCCE indexes or the DMRS AP indexes will be required for the mapping of PUCCH Format 1a/1b resources. 

Due to its ability to provide PUCCH format 1a/1b resource compression, an ARI field can also assist in always having 4 eCCEs for localized ePDCCHs per PRB pair, instead of having a variable number of eCCEs due to the variable number of REs available for transmitting localized ePDCCH per PRB pair, thereby simplifying system operation and implementation. Even though an eCCE may become too small to convey an ePDCCH when the number of eCCE per PRB pair for localized ePDCCHs is always 4, an ARI field can avoid a respective unnecessary increase in PUCCH Format 1a/1b resources (e.g. a 2-bit ARI can always map 4 eCCEs to the same PUCCH Format 1a/1b resource). 
Observation 1: An ARI field indexing the PUCCH Format 1a/1b resource offers a positive trade-off in DL vs. UL overhead compared to only using UE-specific offsets, enables resource compression for CCE/eCCE based mapping of PUCCH Format 1a/1b resources both with and without UL CoMP, aligns the HARQ-ACK resource mapping with those for the PHICH and PUCCH Format 3, and allows for simpler specification and implementation of ePDCCH operations. 

To support cases where the legacy (CCE-derived) PUCCH Format 1a/1b resources are too few and accommodating distributed/localized ePDCCHs may not be possible without scheduler constraints (e.g. only the first OFDM symbols in used and the number of legacy CCEs is too small), UE-specific offsets for PUCCH Format 1a/1b resources corresponding to distributed ePDCCHs and to localized ePDCCHs are also needed to potentially expand the PUCCH Format 1a/1b resources beyond the legacy ones. Assuming that a UE may decode either distributed ePDCCH or localized ePDCCH in a subframe (e.g. for fallback support [3]), a separate PUCCH Format 1a/1b resource offset is needed for distributed ePDCCHs and for localized ePDCCHs. 
Proposal 2: 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. A UE-specific PUCCH Format 1a/1b resource offset for distributed ePDCCHs and a UE-specific PUCCH Format 1a/1b resource offset for localized ePDCCHs are also configured.
3 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 PUCCH Format 1a/1b resource is implicitly determined from the lowest eCCE index of the corresponding ePDCCH. 

Proposal 2: 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. A UE-specific PUCCH Format 1a/1b resource offset for distributed ePDCCHs and a UE-specific PUCCH Format 1a/1b resource offset for localized ePDCCHs are also configured.
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