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1 Introduction

At the RAN1#70 meeting, the issues of PUCCH 1a/1b resource allocation for EPDCCH were discussed, and the following agreements have been achieved [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. 

At the RAN1#70bis [2], the need of dynamic signaling was further discussed, and a compromise of supporting configurable ACK/NACK resource indicator (ARI) in order to strike for a trade off between the downlink coverage and uplink overhead is suggested. However, there was no consensus to adopt this compromise.
In this contribution, we provide our considerations on the remaining open issues on the PUCCH 1a/1b resource allocation for EPDCCH.
2 Discussion

2.1 Configuration for PUCCH resources corresponding to EPDCCH
After the intensive and fruitful discussions since RAN1#69, significant progress has been achieved on the basic design principles of PUCCH 1a/1b resource allocation corresponding to EPDCCH. More specifically, a semi-static PUCCH resources starting offset configured to UE together with the lowest eCCE index of the EPDCCH determines the corresponding PUCCH 1a/1b resource, which is similar to the case of PDCCH.
Thanks to the UE-specific PUCCH starting offset, the collision of A/N feedback for PDCCH and for EPDCCH can be avoided. Moreover, the PUCCH starting offset is associated with each EPDCCH set, within which the eCCE is indexed locally. As a result, global eCCE indexing is avoided, which minimizes the PUCCH resource overhead due to the scattered EPDCCH resource allocation. Furthermore, since an EPDCCH set can be configured as either localized or distributed transmission, the resource association rule is performed separately for different transmission mode, which provides good flexibility.
Nonetheless, there are still some remaining aspects to be considered, which are discussed in the sequel.

2.2 On the necessity of ARI
A dynamic resource indicator, i.e. ARI, is proposed in [3]. The claimed benefits of the ARI include several aspects, such as resolving the collision between MU-MIMO UEs, support of overlapping PUCCH resources from different EPDCCH sets, friendliness to SORTD, etc.

The issue of A/N collision among different UEs multiplexing on the same eCCE has already been discussed extensively. As already been pointed out in [4]
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 \* MERGEFORMAT [7], the antenna port association with the eCCE can be reused to resolve the collisions, which is a straightforward approach that has obvious benefits of eliminating the collision without introducing significant impact on the specification and signaling overhead. The detailed mapping rule design is discussed in Section 2.3.
The support of overlapping PUCCH resources from different EPDCCH sets, therefore reducing the PUCCH overhead, is an advantage of ARI. However, such a gain is not that obvious. The potential gain comes from extracting the unused PUCCH resources for the configured EPDCCH. Thus, the lower the system loading is, the higher the potential gain may be achieved, especially in large EPDCCH set. However, it is questionable why more than one large EPDCCH sets are configured in the lightly loaded system, especially considering that the EPDCCH is UE-specific configured. In other words, in such scenarios the network would opt for a more straightforward way for improving resource utilization efficiency, e.g. by configuring a smaller EPDCCH set. Hence, it seems the PUCCH resource utilization efficiency is not a severe problem for EPDCCH in practice as the network has sufficient degree of freedom to tackle such an issue.
Moreover, the total number of PUCCH resources to be reserved for EPDCCH is equal to the number of configured eCCEs, which is around the same level as that for Rel-8 PDCCH. This implies that the overhead inflicted by EPCCH may not additionally impose a critical concern. Last but not least, overlapping the PUCCH resource inevitably increases the scheduling complexity, and likely increases the EPDCCH blocking probability due to A/N resource blocking.
The PUCCH resource collision when SORTD is configured is an existing issue since Rel-10. Some implementation based solutions, e.g. restriction on the scheduling on DCI, are also applicable to EPDCCH. Therefore, introduction of ARI is not mandatory. Although the ARI based solution can relax the scheduler to some extent, it cannot completely resolve this issue. Thus, such an optimization seems not to be essential for Rel-11.
On the other hand, it is worth noting that the introduction of explicit ARI requires at least 2 additional bits in the payload for all the DCI formats. Consequently, it harms the downlink coverage of EPDCCH, which is not desirable especially when this is not absolutely need, as the other alternative can resolve the issues. The explicit ARI can be considered as a trade-off between the downlink coverage and the uplink overhead. However, as discussed before, the PUCCH resource utilization efficiency seems not to be a serious problem. Thus, the gain of ARI may not justify the coverage loss. Therefore, explicit ARI based solution is not preferred.

On the contrary, the scheme of implicit ARI avoids the abovementioned 2-bit additional overhead by reinterpreting or reusing some existing information. The solution that reuses the antenna port of the EPDCCH for collision resolution may be seen as one type of implicit ARI. Reusing the nSCID may also be an option, though it is not applicable to all the DCI formats. Further study may reveal other possibilities.

Proposal 1: Explicit dynamic resource indicator (e.g. additional 2-bit ARI in the DCI) is not adopted. Implicit ARI can be considered.
2.3 Antenna port based solution for collision handling in FDD
For localized EPDCCH transmission, MU-MIMO can be supported, as discussed in [8]. In this case, the same eCCEs, therefore the same eCCE index and PUCCH starting offset, are shared by multiple UEs. Consequently, the A/N feedback from one UE may not be distinguishable from another UE if the A/N resource is derived only from the lowest eCCE index and the PUCCH starting offset.
It is worth noting that in the case of spatial multiplexing of EPDCCH within a PRB pair, an individual antenna port should be assigned to each UE. The orthogonality of the antenna ports can be directly exploited for resolving the abovementioned collision issue. More specifically, the A/N resource can be jointly determined by the eCCE index and the antenna port. One example can be:

          
[image: image1.wmf]AL

AP

N

n

n

E

E

 

MOD

 

PUCCH

eCCE

PUCCH

+

+

=









(1)
where AP is the selected antenna port index, ranging from 0 to 3 corresponding to the four EPDCCH DMRS ports; AL is the aggregation level of UE; and MOD is the modulus operator. In the case of distributed transmission, AP is always set to zero. Fig. 1 shows an example of how the example scheme works under different aggregation levels, where AP0~AP3 correspond to UE0 ~ UE3, and the spatially multiplexed UEs are illustrated in one group.
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Fig. 1: PUCCH resource association for EPDCCH under different aggregation levels.
As shown in Fig. 1, for aggregation level one, each UE has its individual eCCE index. Therefore no collision of PUCCH resource between different UE occurs. Note that (AP MOD AL) is always equal to zero when AL is equal to one.

For aggregation level two and four, multiplexed UEs in the same group sharing the same lowest eCCE index. However, as different ports are assigned, each of the UEs is still associated with an individual PUCCH resource, because the antenna port index automatically offsets the resources for different UEs in the same group.
This solution has obvious benefits that it fully resolves the collision of A/N from different UEs without introducing significant impact on the specification and signaling design. Therefore, we suggest that, in conjunction with the PUCCH resources starting offset and lowest eCCE index:

Proposal 2: The antenna port index of the associated EPDCCH is used in determining the dynamic PUCCH 1a/1b resource for EPDCCH. The Eq. (1) is adopted for the resource association in single cell deployment of FDD.
It is straightforward to apply this resource allocation scheme also to the PUCCH resource corresponding to the EPDCCH on PCell, where 1b channel selection is configured in FDD system. Hence, we suggest that,

Proposal 3: The resource association rule of Proposal 2 is also used for determining PUCCH resource in response to EPDCCH on PCell, where 1b channel selection is configured in FDD system.
2.4 PUCCH 1a/1b determination for TDD

Compared with FDD, it is much more complicated for determining dynamic 1a/1b resource in TDD system. There are two A/N feedback modes supported for TDD in the case of multiple DL subframes associated with a single UL subframe. For the subframe bundling case, the PUCCH resource index for PDCCH is determined by the first CCE index of the DCI transmitted in the last subframe.
On the other hand, for the multiplexing case, the resource index for PDCCH is determined for each subframe according to the first CCE index of the DCI, and the final resource is then selected by channel selection according to [9]. No matter which mode is configured for the UE, the number of PUCCH resources for PDCCH should be reserved in proportion to the number of associated DL subframes.
Nonetheless, there are significant different characteristics in the case that when EPDCCH is configured. The EPDCCH USS is subframe-specific configured. It implies that in the case of multiple DL subframes associated with a single UL subframe n, there may be EPDCCH USS configured in some of these DL subframes, while PDCCH USS configured for others, due to, e.g. PMCH transmission or TDD special subframe configuration 0. Consequently, the number of associated DL subframes for EPDCCH is no longer fixed according to the TDD configuration, but vary subject to the number of configured EPDCCH subframes. As a result, there are two options for deriving the number of PUCCH resources for EPDCCH:

1) in proportion to the total number of associated DL subframes (i.e. regardless of which USS the UE monitors in the subframe), or

2) in proportion to the number of DL subframes configured for UE to monitor the USS on EPDCCH.
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Fig. 2: A/N resource association for EPDCCH in TDD (format-2/3 not considered).
In the example illustrated in Fig. 2, there are four DL subframes three of which are configured to monitor EPDCCH USS. In Option 1), PUCCH resources are reserved for all the four DL subframes, while for only three subframes in the case of Option 2). Therefore, Option 2) has some advantage on reduction of the PUCCH overhead. However, given that the EPDCCH is UE-specific configured, different UEs may have different understandings on which subframe is configured to monitor EPDCCH, which may result in some ambiguity on which A/N resource should be used. In this sense, Option 1) is preferred as it simplifies the system design. Further, it maintains the same UE behaviour in Rel-10 as deriving the PUCCH resource for PDCCH, which can also simplify the implementation.
Proposal 4: The number of PUCCH resources reserved for EPDCCH should be in proportion to the total number of DL subframes in the system associated with the UL subframe.
Given that there are two PUCCH regions in response to PDCCH and EPDCCH, respectively, it may be ambiguous on which PUCCH resource should be selected for dynamic A/N feedback.

If subframe bundling is configured, one simple solution is to transmit the A/N feedback according to the DL control channel of the last subframe where UE detects a valid DCI. More specifically, if the DCI is detected in subframe n - km, where km is the smallest value in set K defined in [9], by the UE of which the subframe n - km is configured to monitor the EPDCCH. Then the bundled A/N feedback is sent in the PUCCH resource associated with the EPDCCH. Otherwise, the bundled A/N feedback is sent in the PUCCH associated to the PDCCH.
Proposal 5: If subframe bundling is configured, the PUCCH resource is derived from the DL control channel where the DCI is detected in the subframe n - km, where km is the smallest value in set K. The lowest eCCE index of the detected DCI, the AP index and the starting offset are used to determine the PUCCH resource index.
On the other hand, if multiplexing is configured with 
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, the A/N resource should be generated by channel selection. As some of these DL subframes are configured for UE to monitor the EPDCCH, PUCCH resource derived from these subframes should be derived from the EPDCCH, instead of the PDCCH, in order to avoid potential collision. Afterwards, channel selection is further performed as defined in [9].

Proposal 6: If multiplexing is configured, the PUCCH resource candidate of subframe n - ki should be derived from the control channel where the DCI is detected in the corresponding subframe n - ki. The lowest eCCE index of the detected DCI, the AP index and the starting offset are used to determine the PUCCH resource index.
Based on Eq. (1) and the above considerations, the PUCCH resource index 
[image: image5.wmf]E

n

PUCCH

 for TDD can be determined, for example, by:
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(2), 

where neCCE is the number of the first CCE used for transmission of the corresponding DCI in subframe n - ki , where ki in the set of KE is the DL subframe configured to monitor EPDCCH, and Ri-1 is total number of PUCCH resources reserved for associated DL subframe configured to monitor EPDCCH, within the set of { k0 , ki , ..., ki-1 }.
3 Conclusion

In this contribution, we provide our views on the remaining detailed designs on the PUCCH 1a/1b resource allocation for EPDCCH. Based on the discussions, we propose that:
Proposal 1: Explicit dynamic resource indicator (e.g. additional 2-bit ARI in the DCI) is not adopted. Implicit ARI can be considered.
Proposal 2: The antenna port index of the associated EPDCCH is used in determining the dynamic PUCCH 1a/1b resource for EPDCCH. The Eq. (1) is adopted for the resource association in single cell deployment of FDD.
Proposal 3: The resource association rule of Proposal 2 is also used for determining PUCCH resource in response to EPDCCH on PCell, where 1b channel selection is configured in FDD system.
Proposal 4: The number of PUCCH resources reserved for EPDCCH should be in proportion to the total number of DL subframes in the system associated with the UL subframe.
Proposal 5: If subframe bundling is configured, the PUCCH resource is derived from the DL control channel where the DCI is detected in the subframe n - km, where km is the smallest value in set K. The lowest eCCE index of the detected DCI, the AP index and the starting offset are used to determine the PUCCH resource index.
Proposal 6: If multiplexing is configured, the PUCCH resource candidate of subframe n - ki should be derived from the control channel where the DCI is detected in the corresponding subframe n - ki. The lowest eCCE index of the detected DCI, the AP index and the starting offset are used to determine the PUCCH resource index.
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