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1 Introduction

In RAN1#69, it is concluded to “continue study/discussion on need for indicating dynamically to the UEs the PRB pairs the UEs should assume to be used for ePDCCH, and if needed, how to perform the indication ”.

In this contribution， we intend to analyze the need of dynamic indication and possible solutions.

2 Discussion
UEs get DCI information via detecting ePDCCH consisted of eCCE/eREG. The regions or resources of ePDCCH should be known by UEs. Note that the ePDCCH region is UE specific. That means possibly there are different ePDCCH regions for different UEs. 

EPDCCH region is consisted of physical PRB pairs. Then the question is how to indicate its ePDCCH PRB pairs.  Two types of schemes could be considered: dynamic and semi-static. They are with different strongpoint and shortcomings. This contribution hereafter tries to give more details on them.  
2.1 Dynamic configuration and indication
The UE EPDCCH resource allocation should take into account frequency diversity and frequency selectivity based dynamic channel situation. The channel may change dramatically subframe by subframe. From this point of view, dynamic UE ePDCCH resource allocation and indication are more favorable. 
On the other side, comparing to static resource allocation, dynamic way can utilize frequency resource more efficiently. This is because DCI load can change subframe by subframe, static allocation would result in resource waste if those unused part of ePDCCH resource are not utilized by PDSCH. 

Observation 1: Dynamic configuration and indication are more frequency efficient and adapted to fluctuation of channel situation.
2.2 Semi-static configuration and indication

Different from dynamic way, semi-static scheme would configure and indicate ePDCCH resource in a more fixed way. During a period, the configuration is not changed, and ePDCCH location and resource amount are not adapted to channel change.
It is also obvious that resource efficiency is decreased comparing to above-mentioned dynamic way, because of part resource is possibly not used by neither DCI nor PDSCH data.

However, this scheme need less signalling because one configuration would be valid in longer time. That also decreased UE complexity.
Observation 2: semi-static configuration and indication need less signalling load and decrease UE complexity.

2.3 Possible solutions 
For dynamic configuration and indication to UE of ePDCCH resources, there are several possible solutions to consider:

a) Legacy PDCCH

PDCCH is used to configure and indicate the ePDCCH resources. This method does not result in too much extra signalling overhead, because PDCCH resource would be still kept no matter if ePDCCH or future release comes up or not. However, a new DCI should be considered to configure ePDCCH resources.
On the other side, the background to open up current ePDCCH study is that there is no enough PDCCH capacity and PDCCH performance is decreased in HetNet interference scenarios. Therefore, this method of legacy PDCCH is not suitable for solving ePDCCH issue.

b) New physical channel, e.g. ePCFICH

The new physical channel carries information of ePDCCH location etc... This method of new channel would take out part radio resources and make big specification impact as well.

c) Implicit signalling

UE detects some kind of identification in its assumed ePDCCH region to find DCI. For example, DMRS sequence signature [2] could be used to identify ePDCCH. This method should consider both UE complexity and performance under possible worst channel condition.
Observation 3: for dynamic configuration and indication to UE of ePDCCH, methods of new physical channel and implicit signalling can be considered.

For semi-static configuration and indication，EPDCCH region of UEs can be configured throughout the system bandwidth to adapt to frequency diversity. A possible solution is via high layer signalling like RRC signalling. UE get the configuration in connected state and then detect DCI in the configured ePDCCH resources.
Comparing to dynamic solutions as mentioned above, the important advantage of semi-static method is easier to be implemented with lower UE complexity because UE does not detect new channel or implicitly identification. 
This semi-static method could result in part resource waste and possible performance degradation. However, dynamic solutions like new channel or implicit signalling also have to solve issues of spec impact or UE complexity. In addition, in consideration of tough R11 time schedule, this method is easier and feasible, then dynamic solution can be studied to improve performance and efficiency in next step.
Proposal: In view of limited R11 time, semi-static configuration and indication can be considered in R11 and dynamic solution can be studied to further improve performance and efficiency in next step.
3 Conclusion

In this contribution, we analyzed need of dynamic indication of ue ePDCCH and possible solutions. Our views are:
Observation 1: Dynamic configuration and indication are more frequency efficient and adapted to fluctuation of channel situation.
Observation 2: semi-static configuration and indication need less signalling load and decrease UE complexity.

Observation 3: for dynamic configuration and indication to UE of ePDCCH, methods of new physical channel and implicit signalling can be considered.

Proposal: semi-static configuration and indication can be considered in R11 time scope and dynamic solution can be studied in next step to further improve performance and efficiency.
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