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1 Introduction 

In RAN1 #69, several companies have discussed the indication to the UEs of ePDCCH PRB pairs, including some discussion of a possible “ePCFICH” [1]-[5]. In this contribution, we provide our views on this topic.
2 Discussion
It is generally recognised that the UE needs to know which PRB pairs of a PDSCH allocation are used by ePDCCH and therefore not used for PDSCH. 

For the UE’s own ePDCCH carrying the PDSCH resource assignment, it is straightforward for the UE to assume that the PDSCH scheduled by its ePDCCH is not mapped to the PRB pair(s) containing the ePDCCH [6].

The same could be assumed for ePDCCHs carrying UL grants, but there may not always be a PDSCH transmission for the same UE in the same subframe as its UL grant, and therefore the UL grant may interrupt a PDSCH allocation for another UE that is unaware of the UL grant for the first UE. It has also been pointed out that false detection of an uplink grant would therefore corrupt the PDSCH HARQ buffer in the UE. 

Therefore a solution is needed to indicate the PRB pairs not used for PDSCH in relation to both UL grants and ePDCCHs for other UEs.

· “ePCFICH”
The main motivation to introduce an “ePCFICH” is to enable the dynamic configuration of ePDCCH with reduced resource wastage. However, the following aspects should be considered before making the decision.

· How to indicate the resource location by ePCFICH

For legacy PCFICH, 2-bits are enough to indicate how many OFDM symbols are occupied by PDCCH. However, currently the granularity of resource allocation for ePDCCH could be as small as a PRB pair, which means the consumed bits to carry ePCFICH could become much larger compared to legacy PCFICH, depending on the degree of flexibility required. The overhead should be considered.

· How to map the ePCFICH in DL channel

In Rel-8/9/10, the resource to carry PCFICH is fixed and prior known to all UEs. For the ePCFICH, since it is the key information for the subsequent decoding of the ePDCCH, how to let UE know the position of ePCFICH will be an issue. Mapping to a fixed set of resources may not be possible if the new control region is configurable. A straightforward way is to adapt the ePCFICH mapping according to the configuration of the new control region based on some kind of pre-defined rule. All these aspects need to be considered.

· UE-specific or cell-specific ePCFICH 
The ePCFICH could be designed to transmit UE-specific signalling or cell-specific signalling. If UE-specific ePCFICH is introduced, only the PRBs of a UE’s own PDSCH allocation that is interrupted by ePDCCH of another UE need to be indicated, but a cell-specific ePCFICH would be shared by all the UEs so a complete indication of all the ePDCCH PRBs is needed in a given subframe. It is not clear yet which approach is better. The overhead of the ePCFICH and its impact on the ePDCCH scheduling should be examined to evaluate which one is better.
· Other methods for indicating of ePDCCH PRB Pairs to the UEs
· New Message Design in PDCCH

One possibility would be to design some new messages to carry on the legacy PDCCH (since in Rel-11 there is no CSS on ePDCCH, it can be assumed that legacy PDCCH will always be present). The new message on the PDCCH would indicate the PRB pairs used for ePDCCH. The advantage of this alternative is that the ePDCCH PRB pair indication can be realized in a dynamic way at the expense of more impact on the legacy PDCCH. 

· RRC Signalling 

Another possibility would be to use some new RRC signaling to indicate the ePDCCH PRB pairs in a semi-static way. Little RAN impact would be introduced for this case. 
· Discussion
The main advantage of the ePCFICH and PDCCH based methods is that the PRB pairs reserved for ePDCCH (and therefore known to be not used for PDSCH) can be changed dynamically from subframe to subframe. By contrast, the RRC-based method fixes the reserved PRB pairs semi-statically, and is therefore likely to result in less efficient resource utilization overall. 

A disadvantage of the PDCCH based method is that if ePDCCH can be operated in a standalone manner in Rel-12, this method would no longer be useful. It is therefore not a forward-compatible solution. 

To decide between ePCFICH and RRC based methods, the main question is whether the loss of resource utilization efficiency from the semi-static RRC based method is significant, and how great would be the gain from allowing the PRB pairs reserved for ePDCCH to vary dynamically. 

The answer to this question is currently unclear. Given the very short remaining time for Rel-11, and the complexities outlined above associated with designing an ePCFICH, we therefore propose for Rel-11 to use RRC signalling to indicate the PRB pairs that the UE shall assume are not used for PDSCH. 

Proposal: In Rel-11, RRC signalling is used to indicate the PRB pairs that the UE shall assume are not used for PDSCH.

3 Conclusions
In this contribution, we discussed the indication to the UE of ePDCCH PRB pairs, including the possibility of introducing an ePCFICH. We propose that: 
Proposal: In Rel-11, RRC signalling is used to indicate the PRB pairs that the UE shall assume are not used for PDSCH.
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