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1. Introduction

Within Rel-11 LTE network, eNB defines 3 different types of search space, common search space, UE specific search space on PDCCH or UE specific search space on ePDCCH. To get a higher control channel capacity, eNB can configure each UE to monitor either USS on PDCCH or USS on ePDCCH at each subframe. 

Agreement in RAN1 #70 

· In subframes where UE monitors ePDCCH USS on a given carrier

· it does not monitor PDCCH USS on the same carrier

· it can at least be configured to monitor either localised, or distributed ePDCCH candidates in a given subframe

· it also monitors CSS on PDCCH
· In subframes not configured for monitoring ePDCCH, UE monitors CSS and USS on PDCCH according to Rel-10 behaviour

Due to the agreement, Rel-11 UE cannot be configured to monitor both USS on PDCCH and USS on ePDCCH for any subframe, and the fallback from ePDCCH to PDCCH would not be supported within the UE specific search space. Thus, to guarantee the robust ePDCCH transmission which would not be suffered by inaccurate CSI feedback or UE mobility. In this contribution, we discuss ePDCCH monitoring subframe configuration and search space design which would support fallback operation from localized ePDCCH to distributed ePDCCH. 

2. Working assumptions from RAN1 #70   
In the last meeting, for the configuration of ePDCCH transmission, we made a working assumption as

RAN1 #70 working assumption that the UE can be configured to monitor both localised and distributed ePDCCH candidates in a given subframe

Companies have listed the motivation/benefits of allowing the UE to monitor both localized and distributed ePDCCH on the same subframe.
· Het net when PDCCH can’t be for fallback 

· CA when Scell can’t be used 

· CSS is crowded esp. for large ALs 

· Localized ePDCCH is associated with sub-band CSI which may be triggered aperiodically 

It should be noticed that the above lists do not handle with the corner cases. In heterogeneous network, where macro and pico cell share the same band, it would be a general and natural assumption that control channel is crowded especially for the common search space. Since cross carrier scheduling is not supported from Scell to Pcell, crowded PDCCH in Pcell would cause huge restriction on DL/UL scheduling if the transmission of distributed ePDCCH is limited. 
It is obvious that if the working assumption is confirmed, fallback of ePDCCH transmission on UE specific search space from localized to distributed can be supported, and more robust ePDCCH transmission would be supported. 
As another aspect, since localized ePDCCH can support higher spectral efficiency than distributed ePDCCH via frequency selective scheduling gain or spatial division multiple access, eNB would request the UE to report aperiodic subband CSI and enable localized ePDCCH transmission. To support such an operation, at least some of the subframes should be configured to allow the switching of ePDCCH transmission schemes. 
Proposal 1: Either to support fall back from localized ePDCCH to distributed ePDCCH or to support flexible utilization of localized ePDCCH linked with aperiodic CSI reporting, eNB need to configure at least part of the ePDCCH monitoring subframes for the UE to monitor USS on both localized and distributed ePDCCH. We confirm the working assumption that the UE can be configured to monitor both localised and distributed ePDCCH candidates in a given subframe 
For the robust transmission of ePDCCH, another working assumption which allows UE specific ePDCCH subframe configuration would also need to be confirmed. 

RAN1 #70 working assumption that configuration by higher layer signalling can also be provided (details of the higher layer signalling are FFS)
Proposal 2: we confirm the working assumption that configuration by higher layer signalling can also be provided
3. Proposal for ePDCCH monitoring subframe configuration  
As noted in RAN1 #70 chairman’s note, if we allow the UE to monitor both localized and distributed ePDCCH at the same subframe, it does not mean that the total number of blind detection on ePDCCH can be increased compared with the case where UE monitors only one of localized or distributed ePDCCH. Not to increase the blind detection complexity, if UE can monitor both localized and distributed ePDCCH, compared with PDCCH, the number of blind detection for localized ePDCCH or distributed ePDCCH would be reduced and we need to define the set of candidates which would be supported for localized or distributed ePDCCH. 

It is a natural assumption that localized ePDCCH should be used only when reliable subband CSI is available at eNB, and with that, localized ePDCCH would support better spectral efficiency than distributed ePDCCH. It is also a natural assumption that distributed ePDCCH would be used when reliable subband CSI is not available in eNB side due to the feedback mode or due to the UE mobility, and according to these two assumptions, distributed ePDCCH would require large aggregation level more frequently than localized ePDCCH. Thus, as the view shared by companies, for the subframes where UE monitors both localized and distributed ePDDCH, we would better design search space based on the candidates with small aggregation levels to be configured for localized ePDCCH and candidates with large aggregation level to be configured for distributed ePDCCH. Considering the possible gain of more dedicated division which configures candidates with the same aggregation level to different ePDCCH transmission scheme can be discussed at the next release.
Proposal 3: At the subframes where UE monitors both localized and distributed ePDCCH, candidates with different aggregation level can be configured to different ePDCCH transmission scheme. Small aggregation level such as 1 or 2 should be configured for localized ePDCCH and large aggregation level such as 8 or higher than 8 should be configured for distributed ePDCCH. Configuration of aggregation level 4 would depend on downlink bandwidth.
It is a common understanding that eCCEs mapped to distributed ePDCCH would be composed by eREGs which belongs to different PRB pairs and eCCEs mapped to localized ePDCCH would be composed by eREGs which belongs to the same PRB pair. The details for search space design or mapping of DCI to physical resources are FFS. However, it would be required to design search space and mappings for localized ePDCCH to be optimized for localized transmission, and to design those for distributed ePDCCH to be optimized for distributed ePDCCH. With proposal 3, search space of ePDCCH for the subframes where UE can monitor both localized and distributed ePDCCH can be configured as combination of search space optimized for localized ePDCCH and the search space optimized for distributed ePDCCH. Figure 1 shows an example of UE side understanding for ePDCCH search space. For a certain period composed by several subframes, eNB configures subframes where UE can monitor localized ePDCCH, and for the same period, eNB also configures subframes where UE can monitor distributed ePDCCH. At each subframe where only one of the ePDCCH transmission schemes is allowed for the UE, UE would monitor the search space which would be used for configured ePDCCH transmission scheme. At the subframe where UE would monitor both localized and distributed ePDCCH, UE would understand that part of search space designed for localized ePDCCH – for example, designed for aggregation level 1 or 2 -  and part of search space designed for distributed ePDCCH –for example, designed for aggregation level 4 or 8 – would compose the search space. 
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Figure 1. Search space design and configuration for each subframe

Proposal 4: Rel-11 determines search space or search space design rule for localized or distributed ePDCCH with the assumption that UE would monitor only one of the above search spaces at each subframe. At the subframes where UE would monitor both localized and distributed ePDCCH, UE would understand that part of search spaces designed for localized or distributed ePDCCH would compose the search space.  
4. Conclusion 
In this contribution, we discuss the remaining issues for ePDCCH monitoring subframe configuration and search space design. We suggest that Rel-12 should support the configuration which enables UE to monitor both localized and distributed ePDCCH, and we also support that the search space for localized or distributed ePDCCH should be separately designed without considering UE operation on subframes where UE should monitor both localized and distributed ePDCCH. The solutions are proposed as. 
Proposal 1: Either to support fall back from localized ePDCCH to distributed ePDCCH or to support flexible utilization of localized ePDCCH linked wit aperiodic CSI reporting, eNB need to configure at least part of the ePDCCH monitoring subframes for the UE to monitor USS on both localized and distributed ePDCCH. We confirm the working assumption that the UE can be configured to monitor both localised and distributed ePDCCH candidates in a given subframe 
Proposal 2: we confirm the working assumption that configuration by higher layer signalling can also be provided
Proposal 3: At the subframes where UE monitors both localized and distributed ePDCCH, candidates with different aggregation level can be configured to different ePDCCH transmission scheme. Small aggregation level such as 1 or 2 should be configured for localized ePDCCH and large aggregation level such as 8 or higher than 8 should be configured for distributed ePDCCH. Configuration of aggregation level 4 would depend on downlink bandwidth.

Proposal 4: Rel-11 determines search space or search space design rule for localized or distributed ePDCCH with the assumption that UE would monitor only one of the above search spaces at each subframe. At the subframes where UE would monitor both localized and distributed ePDCCH, UE would understand that part of search spaces designed for localized or distributed ePDCCH would compose the search space.  
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