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1. Introduction 
In RAN1 #69 meeting, some papers on PUCCH resource allocation when the corresponding PDSCH is scheduled by ePDCCH were presented and discussed. In the end, some suggestion for consideration as a way forward are summarized as follows

· Resource for A/N in response to ePDCCH-scheduled PDSCH is at least partly determined implicitly from the eCCE index

· FFS whether a dynamic indicator (“ARI”) is needed in addition

· FFS whether the starting PUCCH resource for the ePDCCH based HARQ-ACKs can be configured separately from N(1)PUCCH (which does not preclude the possibility to configure the starting positions for ePDCCH and PDCCH HARQ-ACKs to be the same). 

After the meeting, some offline discussions were conducted on RAN1 reflector based on a way forward document [1] .  Many companies expressed their views and preferences on this subject. As the conclusion, the following points were agreed as the starting point for further discussion at the next meeting. 
· 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

In this contribution, some considerations on PUCCH ACK/NACK resource mapping when PDSCH is scheduled by ePDCCH are provided and our preferences are expressed. 
2. PUCCH A/N resource mapping for ePDCCH
2.1. PUCCH A/N resource implicitly determined by an eCCE of 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 as 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 ePDCCH could occupy the same resource with the same index. That implies that if PUCCH resource is still implicitly determined by the first eCCE of an ePDCCH, the resources of these two A/N signals would have a collision. 
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 would 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 the ePDCCH it will be used for demodulation   
· 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 ePDCCH, and thus to support MU-MIMO transmission in which the resources for transmitting each ePDCCH could be overlapped or partially overlapped. Such mechanism on the other hand, would imply that the corresponding eCCE index for the assigned AP would be different for two ePDCCHs if a one-to-one association between AP and eCCE within a PRB is assumed.  Taking that into consideration, a simple solution could be used to determine the PUCCH A/N resource mapping from the eCCEs. Namely, instead of the use the first eCCE of an ePDCCH to determine the PUCCH A/N resource, the index of the eCCE which is associated with the assigned AP 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 AP assigned for different ePDCCH would be orthogonal 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 resource for their PUCCH ACK/NACK signals. 
Proposal:
· The PUCCH A/N resource could be implicitly determined by the eCCE associated with assigned AP for ePDCCH demodulation. 

2.2. Discussion on issues and other alternatives

The implicit rule of determining PUCCH A/N resource using the eCCEs 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. In addition, other mapping alternatives for PUCCH A/N resources are also discussed. 
2.2.1. Indexing of eCCEs
To use eCCE index implicitly in determining 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 eCCEs index for ePDCCH, as at this stage, it is not clear how the eCCEs are indexed in each ePDCCH region. The other issue is when multiple ePDCCH regions are configured, such as one ePDCCH region for localized transmission and one for distributed transmission,  it is  not clear how to connect the eCCE indices in different ePDCCH regions. 
Within an ePDCCH region, 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 regions are configured in a system, the eCCE in each ePDCCH region could be indexed independently in an ascending order. However, for a UE which is configured to search a particular ePDCCH region for its E-PDCCH, an offset of eCCE index for that particular region could be signalled to the UE as part of UE-specific E-PDCCH configuration. As illustrated in Figure 3, the offset of eCCE index for each E-PDCCH region could be selected such that there will be no overlap  of eCCE indices among each ePDCCH and legacy PDCCH regions. With this mechanism in place, the UE could easily generate the absolute eCCE index for any particular ePDCCH region it was configured to search, and use it to derive the corresponding PUCCH A/N resource.
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Figure 3:  Starting index of eCCE in each E-PDCCH region
The offsets of eCCE indices for each ePDCCH region would only be used by the UE to calculate PUCCH A/N resource. In search for its ePDCCH, an UE could still use a local indexing system of eCCE within an ePDCCH region, regardless if this ePDCCH region is for localized ePDCCH transmission or for distributed ePDCCH transmission.  
Proposal:

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

· The offset of eCCE index for an ePDCCH region could be signalled to the UE as part of UE-specific ePDCCH configuration, and could be used by the UE to derive the PUCCH A/N resource
2.2.2. Using PRB index to derive PUCCH A/N resource

As proposed by some companies during email discussion, an alternative to use eCCE index to determine PUCCH A/N resource would be to use the index of PRB where PDSCH is transmitted.  For this approach, we see some issues. 
· First, the support of MU-MIMO transmission for PDSCH. If the PRB index of a scheduled PDSCH is used to derive PUCCH A/N resource, then two PDSCH scheduled for MU-MIMO transmission may encounter some issues if the index of PRB they used for their PUCCH A/N resource are the same. To ease the issue, offset may be needed, as well as scheduling restriction.  This issue could become more severe if more than two UEs are scheduled for the MU-MIMO transmission of PDSCH. For example, if 4 UEs are scheduled for the MU-MIMO transmission of PDSCH, the index of resource blocks may run out for PUCCH A/N resource if assigned resource blocks (RB) for PDSCH is less than 4.  

· Second, PUCCH with transmit diversity. In Rel-10, SORTD scheme was adopted as an optional feature for supporting transmit diversity for PUCCH when multiple transmit antennas are used at UE. The PUCCH resource for A/N  for each antennas are different, in which that for the first antenna is derived from the first eCCE index, and that for the second antenna is derived from the first eCCE index plus one, respectively.  If using PRB index to derive the PUCCH A/N resource, some issue could occur using the above mentioned rule. For example, if a PDSCH is scheduled with one PRB, its index and the index to its next PRB would be used to derive the PUCCH A/N resource for each transmit antenna. That would prevent the next PRB be scheduled for another UE because  the PUCCH resource derived for the second UE would then have conflict with that used on the second antenna of the first UE.  If eCCE index is used, such issue would still exist.  A simple solution to resolve this would simply leave that next resource unused, which could be either an eCCE or a PRB depending on if eCCE or PRB index is used in deriving PUCCH A/N resource. Compared with these two options, using PRB index to derive  PUCCH A/N resource would lead to more resource waste (the whole PRB vs whole eCCEs) than that of  using eCCE index to derive  PUCCH A/N resource.
· In carrier aggregation,  PRBs of two scheduled PDSCHs on different carriers could have the same index, which could lead to the same PUCCH A/N resource if PRB index is used to derive the PUCCH A/N resource. 
In summary, we feel that using eCCE index to derive PUCCH A/N resource would provide a more consistent solution and lead less resource waste. 
Proposal:
· It is preferable to use eCCE index to derive PUCCH A/N resource than to use PRB index
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 eCCE associated with assigned AP for ePDCCH demodulation. 

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

· The offset of eCCE index for each ePDCCH region could be signalled to the UE as part of UE-specific ePDCCH configuration, and could be used by the UE to derive the PUCCH A/N resource

· It is preferable to use eCCE index to derive PUCCH A/N resource than to use PRB index
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