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1. Introduction

To achieve frequency selective scheduling gain or to guarantee robust delivery via fast fading channel, Rel-11 ePDCCH supports both localized and distributed transmission schemes. With each transmission scheme, according to the channel state or to the available channel information, eNB would decide the aggregation level and configure the resources for each DCI on ePDCCH. If eNB is allowed to select ePDCCH transmission scheme at each subframe, better flexibility and better adaptation for ePDCCH transmission could be achieved, but it would increase blind detection complexity at UE side. Not to increase the complexity, if we are to enable the UE to monitor both localized/distributed ePDCCH at each subframe, we should reduce the amount of candidate which the UE would expect for each transmission scheme, and the reduction can cause ePDCCH capacity problems. In this contribution, we discuss the general concept for ePDCCH search space design and the necessity whether the UE should monitor both transmission scheme at each subframes, and according to the necessity, we propose a proper ePDCCH search space design rules.
2. ePDCCH region design for localized/distributed ePDCCH 

In this contribution, we call the PRB pairs determined as candidates for ePDCCH transmission  ePDCCH region. Since the utilization or characteristics of localized/distributed ePDCCH are quite different, it would be a general understanding that the proper ePDCCH region could be different from localized ePDCCH to distributed ePDCCH. For example, to achieve better frequency selective scheduling gain, it would be better to design ePDCCH region for localized transmission that all the eCCE composing each search space to be mapped on adjacent PRB pairs. And as another example, though we can expect diversity gain by random beamforming which achieves multiple virtual channel diversity gain, it would be preferable to configure all the eREGs composing each search space to be mapped on non-adjacent PRB pairs. 
And also, ePDCCH region could be differently configured according to the search space design or the targeted frequency selection gain. Figure 1 shows an example where different ePDCCH regions are defined for localized ePDCCH where the same numbers of ePDCCH candicates are defined for each aggregation levels. In figure 1, it is assumed that the number of candidates defined in search space would be the same as PDCCH search space. Since localized ePDCCH design aims to provide frequency selective scheduling gain for various aggregation levels, one or two contiguous PRB pairs which can support agregation level(AGL) 1, 2, 4 or 8 would be distributed in frequency domain. The maximum number of search spaces for each AGL is 6 for AGL 1 or 2, and localized ePDCCH region would be designed to support subband selection at least for 6 subbands. Figure 1 a) shows an example where the ePDCCH region is determined to have the minimum size where the subband selection can be done within 6 subbands. However, if we are to support higher subband selection gain or frequency selection gain, we can determine larger ePDCCH region for localized ePDCCH as shown in figure 1 b) where the subband selection can be done within 8 subbands. 
We expect that we need not specify the configuration rule for ePDCCH region, and the region could be implemented according to the targeted frequency selection gain, bandwidth, traffic load or other cell/UE specific parameters.
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Figure 1. Localized ePDCCH region for the same search space as PDCCH
Observation 1: If we aim to optimize ePDCCH scheduling gain or frequency diversity gain, we would need to define localized ePDCCH region and distributed ePDCCH region separately where the regions can overlap. 

Observation 2: According to the intended frequency selection gain, localized ePDCCH region or resources determined for the UE can be differently configured.

Proposal 1: The configuration of ePDCCH region would be an implementation issue where the region would be separately high layer signaled for localized/distributed transmission. 

3. Subframe and ePDCCH transmission scheme for various UE environment 
For low mobility UE which reports reliable subband CSI, it would be natual that localized ePDCCH could support huger ePDCCH detection probability than distributed ePDCCH with the same aggregation level. In other words, if eNB use localized ePDCCH for low mobility UE, DCI can be delivered with less aggregation level. Therefore, it would be beneficial to allow low mobility UE which reporting subband CSI to monitor only localized ePDCCH for every subframes. As contrast example, for the high mobility UEs, localized transmission would be useless, and it would be beneficial to allow high mobility UE to monitor only distributed ePDCCH at every subframes. However, for the moderated mobility UEs where the gain of frequency selective ePDCCH transmission would be ambiguous, we would need to allow to monitor both localized/distributed ePDCCH where the transmission scheme could be determined for each subframe or it can be selected by eNB for each subframes. 
Here we have the discussion point whether we should allow the UE to monitor both transmission schemes at least some subframes or we would let the UE be configured to monitor only one transmission scheme at each subframes where the transmission scheme could be different at different subframes. Two alternatives can be defines as 
Alt 1. Each UE is configured to receive ePDCCH via only one of two transmission schemes at each subframes.
Alt 2. Each UE could be configured to monitor both localized/distributed ePDCCH at some subframes.
With alternative 1, we would have an issue how to determine subframes configured to receive localized ePDCCH or subframes to receive distributed subframes for each UE. However, further optimization would not be possible by specification, and the configuration would be an implementation issue. 
With alternative 2, since UE should monitor both localized/distributed ePDCCH on some subframes, we should restrict the aggregation level and the number of candidate for each aggregation level for each transmission schemes. It should be noticed that the amount of candidates for each aggregation level for each transmission scheme should be UE specific according to the UE mobility and other parameters. For example, low mobility UEs, we do not need to configure many ePDCCH candidates for distributed ePDCCH, and if distributed ePDCCH are configured for low mobility UEs, only a few candidates for high aggregation level would be enough to support fallback mode if supporting of fallback modes are necessary. As a contrast example, for high mobility UEs, we would need to configure a few localized ePDCCH candidates for high mobility UEs. For moderated UEs, several candidates for high aggregation level localized ePDCCH would be required since the frequency selective scheduling gain is not obvious. As a conclusion, with alternative 2, further optimization would be possible by designing proper search space and ePDCCH region, however, the design would be an implementation issue. 
As we discussed in section 2, for the optimization of localized ePDCCH transmission, the configuration of ePDCCH region should remain as an implementation issue, and for further optimization, as we discussed above, we would need to remain search space and ePDCCH transmission scheme determination for each subframe as another implementation issue. We did not find any necessity to restrict the UE to monitor only one ePDCCH scheme at each subframes. 
4. Conclusion 
In this contribution, we discuss ePDCCH region or search space design rules which can support optimized ePDCCH resource configuration and transmission scheme selection, and we find that the further optimization would be achieved by various implementation rules. Therefore, we conclude that we would better let ePDCCH search space design and transmission scheme selection remain as an implementation issues.
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