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1. Introduction 
In RAN1 #70 meeting,  some discussion on PUCCH resource mapping were conducted and the following agreements were drawn [1] :
Agreements:

· 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 discussion were main focused on two aspects,  one is whether to introduce dynamic signaling on PUCCH resource offset, and the other is whether to implicitly use the antenna port information in PUCCH resource mapping. 

In this contribution,  the approach of implicitly using antenna port in PUCCH mapping is described, which shows that it provides a simple and yet effective solution to overcome the PUCCH resource collision issue when MU-MIMO transmission of ePDCCH is scheduled. In addition, other issues such as the need of introducing dynamic signaling for PUCCH offset is discussed. It is believed that such signaling could be considered if the main purpose is to improve PUCCH resource allocation efficiency.
2. PUCCH A/N resource mapping for ePDCCH
2.1. PUCCH A/N resource implicitly determined by index of antenna port  for the  ePDCCH
In Rel-8, the PUCCH resource for A/N is implicitly determined by the first CCE carrying the PDCCH. In Rel-11, with the introduction of ePDCCH, such rule could still be used but may need some modifications. In ePDCCH, eCCE will be introduced as control channel element similar to CCE for the legacy control channel. The difference between legacy PDCCH and ePDCCH is that ePDCCH could allow MU-MIMO transmission, which means the first eCCEs of two ePDCCHs could occupy the same resource.  So if PUCCH resource is implicitly determined by the first eCCE of an ePDCCH, then there would be A/N resource collisions in case of two ePDCCHs paired for MU-MIMO transmission . 
To avoid this issue, the implicit mapping of PUCCH resource based on the first eCCE of an ePDCCH should be modified. In Rel-11, ePDCCH will be transmitted in the legacy PDSCH region and DMRS will be used for its demodulation. At RAN1 #69 meeting, the following agreement was made on the association between an antenna port (or DMRS port) and an ePDCCH:   
· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation
· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.
The purpose of selecting a particular AP among the associated APs is mainly to allow the assignment of  different APs to different ePDCCHs to support MU-MIMO transmission in which the resources for transmitting different ePDCCHs are overlapped or partially overlapped. Such a requirement on the other hand, would imply that different eCCEs  need to be used for  assigning  APs  for different ePDCCHs if a one-to-one association between AP and eCCE within a PRB is assumed.  The details of AP to ePDCCH association is discussed in a companion contribution [2].  Given this fact, a simple solution could be used to determine the PUCCH A/N resource mapping from the eCCEs. Namely, instead of using the first eCCE of an ePDCCH to determine the PUCCH A/N resource, the index of the eCCE which is associated with assigned AP for that particular ePDCCH could be used to determine the PUCCH A/N resource. Such simple determination rule would avoid the collision  of PUCCH A/N resources for MU-MIMO transmission of ePDCCH simply because in MU-MIMO transmission of ePDCCH, the APs assigned for different ePDCCHs would be different and therefore, their associated eCCEs would be different, which will lead to different PUCCH A/N resources. 
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Figure 1: eCCE index used for deriving PUCCH A/N resource
Figure 1 shows an example, where a number of E-PDCCHs are paired for MU-MIMO transmission. Each E-PDCCH has an eCCE which could be used to generate the PUCCH ACK/NACK. The eCCE used to generate the PUCCH A/N resource could be the one associated with assigned AP (DMRS) port, which may not be necessary the first eCCE of the E-PDCCH. For example, ePDCCH#3 and ePDCCH#5 are paired in MU-MIMO transmission, AP#10 and AP#9 are used for their demodulation, respectively. Correspondingly, eCCE#3 and eCCE#2 could be used to derive PUCCH resource for A/N, respectively. This avoids the collision in PUCCH resource for A/N, as compared with the rule defined in Rel-8, in which the first eCCE of each ePDCCH (ePDCCHs#3 and #5), namely, eCCE#2, would be used to derive the PUCCH resource for A/N. From the figure, it can be noticed that even with MU-MIMO transmission, the eCCEs used by each UE to generate PUCCH ACK/NACK resource have no overlapping, and therefore would avoid the issue that two UEs generate the same PUCCH resource for their ACK/NACK signals.  
As there exist one-to-one mapping relation between the eCCEs and AP,  the described method could also be formulated by using the index of AP used for ePDCCH demodulation, along with the lowest eCCE of ePDCCH,  to derive the corresponding PUCCH resource.
Proposal:
· The PUCCH A/N resource for an ePDCCH could be implicitly determined by the combination of the index of the first eCCE of the ePDCCH and the index of the antenna port used for its demodulation . 

2.2. Discussion on issues and other alternatives

The implicit rule of determining PUCCH A/N resource using the index of the eCCE which is associated with the assigned AP provides a simple mapping solution and yet avoids the collision of PUCCH A/N resource in MU-MIMO transmission of ePDCCH. A number of issues are further clarified here. 
2.2.1. Indexing of eCCEs
Using eCCE index to implicitly determin the PUCCH A/N resource would provide a simple and yet consistent solution from Rel-8. However, there are a couple of issues that need to be resolved before this solution could be used. One of them is how to assign eCCE index within each ePDCCH set. The other issue is when multiple ePDCCH sets are configured, how to configure the PUCCH resource starting offset for each ePDCCH set. 
In RAN1 #70 meeting,  it was agreed that a UE could be configured with one or multiple set of resources as its ePDCCH searching space. Each set consists of multiple PRB pairs. An ePDCCH set could then be viewed as an ePDCCH region. Within an ePDCCH set, eCCEs could be arranged in a queue and assigned with indices in ascending order. This could be achieved easily for localized transmission as shown in Figure 2 where multiple E-PDCCHs are transmitted. 
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   Figure 2: eCCE indexing for localized E-PDCCH transmission

For the case where multiple ePDCCH sets are configured for a UE, the eCCE in each ePDCCH set could be indexed independently in an ascending order. As it is also agreed in last meeting, 

· A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set; eCCE is indexed per EPDCCH set

For a UE which finds its ePDCCH in a particular ePDCCH set, the PUCCH resource starting offset, which corresponds to that particular ePDCCH set, could be used to derive the PUCCH resources for that ePDCCH set. As illustrated in Figure 3, the starting index of eCCE in each ePDCCH set (region) could be the same, but the PUCCH resource starting offset for different  EPDCCH sets could be different, leading to different starting PUCCH resources.  One simple way of defining such PUCCH starting offset is that it will guarantee there is no overlapping between PUCCH resources for different ePDCCH sets.   That would avoid the PUCCH resource collisions. However, such mapping may lead to excessive PUCCH resource allocation. Alternatively, the PUCCH starting offset could be assigned such as there could be overlaps  between PUCCH resources for different ePDCCH sets.  That could lead to some saving on overall PUCCH resource usage but may cause collisions among PUCCH resources corresponding to different  ePDCCH sets.  Such collision could be avoided with appropriate ePDCCH scheduling in different ePDCCH sets.   
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Figure 3:  Starting index of eCCE in each E-PDCCH set
Proposal:

· The eCCE indexing could be assigned in an ascending order (from low frequency to high frequency) within an ePDCCH set
· The PUCCH resource starting offset for each ePDCCH set is configured by the eNB and could lead to different or overlapping  PUCCH resources for different ePDCCH sets. 
2.2.2. Introducing dynamic signalling for PUCCH resource
In RAN1 #70 meeting, a couple of contributions proposed to introduce dynamic signalling of PUCCH offsets [3][4].  For example, 2-bits are introduced in DCI format to dynamically signal the PUCCH offset.  A way forward was proposed and presented at RAN1 70 meeting to summarize the purpose of introducing such dynamic signalling [5] as follows
· Dynamic offset should be introduced considering the eNB scheduler complexity/scheduling restriction in the case of overlap of the PUCCH resources:
· Associated to PDCCH and ePDCCH
· Associated to different ePDCCH set
· Associated to ePDCCH MU-MIMO UE
It is believed that introducing dynamic signalling could provide solutions to avoid PUCCH collisions in the above situation, however, it is not clear to us if such dynamic signalling could achieve all the above goals at the same time. For example, if 2-bit dynamic signalling is used to avoid overlapping of PUCCH resources associated with different ePDCCH sets, or that between PUCCH and an ePDCCH set, then larger PUCCH offsets such as [0,16,32,48] as proposed in [3] should be indicated by such signalling. However, on the other side, if dynamic signalling is to avoid PUCCH resource collisions for MU-MIMO transmission of ePDCCH,  smaller PUCCH offsets such as[-1,0,+1,+2] will be indicated by such signalling. From the above examples, it seems hard to use limited number of bits such as 2-bits to signal a wide range of PUCCH resources to achieve all purposes mentioned above.

As described in Sec 2.1, for MU-MIMO transmission of ePDCCH, a simple solution to implicitly derive PUCCH resource based on AP index could be used, which will effectively avoid PUCCH resource collision for MU-MIMO transmission.  Due to the fact that very little standard effort is needed for it, we  feel  such solution could be adopted as the baseline for PUCCH resource generation. That would leave the goals of using dynamic signalling only to tackle the issue of how to further improve PUCCH resource efficiency, which could be considered as further optimization on PUCCH resources utilization. There are a couple of solutions proposed in [3][6], which could be considered as the starting point for the discussion. An updated version of [6] could be found in  [7].
Introducing dynamic signalling could improve PUCCH resource efficiency to relatively large extent. The drawback of it is to add two more bits in all DCI formats, which may require more standard efforts and reduce the coverage of small DCI payloads.  Those aspects should be carefully considered to achieve balance between benefits and standard impact. 
Proposal:

· The antenna port index approach can be adopted as baseline for PUCCH resource allocation. Further optimization on improving PUCCH resource allocation efficiency could be considered.
3. Conclusions

In this contribution, some issues on how to derive PUCCH A/N resources for ePDCCH are discussed and our views at this stage could be summarized as follows
· The PUCCH A/N resource could be implicitly determined by the index of the first eCCE and the index of antenna port used for ePDCCH demodulation. 

· The eCCE indexing could be assigned in an ascending order (from low frequency to high frequency) within an ePDCCH set

· The PUCCH resource starting offset for each ePDCCH set is configured by eNB and could lead to different or overlapping  PUCCH resources for different ePDCCH sets. 

· The antenna port index approach can be adopted as baseline for PUCCH resource allocation. Further optimization on improving PUCCH resource allocation efficiency could be considered.
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