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1 Introduction 

In RAN1 #69, various aspects of ePDCCH search space design have been extensively discussed by a number of contributions [1-7]. Due to the time limitation, many topics were not treated and no agreement was drawn in the end. In this contribution, we will further discuss the ePDCCH search space design and provide our views on this issue. 
2 Discussion
The PRB locations for R-PDCCH are configured by higher layer signalling. Although localized ePDCCH transmission highly relies on the channel condition which may vary much more quickly than the backhaul link, some kind of semi-static configuration of the ePDCCH PRB locations is still applicable. By spreading the set of candidates per aggregation level widely across the configured frequency band, the eNB could dynamically adapt the ePDCCH transmission to the best frequency position according to the acquired CSI feedback.  In this way, the USS localized transmission could provide sufficient options for selecting the radio resources that potentially have superior frequency domain conditions, so as to maximize the desirable frequency selective gains even using the semi-static configuration of the ePDCCH PRB locations. This can be seen by an example shown in Figure.1.  For distributed ePDCCH transmission, the number of resources for distributed transmission is the sum of the resources allocated for all the individual UEs or a group of UEs, which therefore may not change very dynamically. In general, we do not see much adverse impact of using the higher layer signalling for the PRB resource allocation for a UE’s ePDCCH search space.  
Proposal 1: Use higher layer signalling to indicate the PRB locations for the ePDCCH search space. 
Proposal 2: The ePDCCH USS candidates for localized transmission should be able to be spaced widely across the configured frequency band.
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Figure 1. ePDCCH candidate locations for localized transmission
In RAN1#69, it was left FFS whether from the UE perspective a UE can be configured to monitor both localised and distributed candidates in the same PRB pair. Localized ePDCCH is targeted to exploit the channel conditions more aggressively based on the availability of CSI feedback. It should be supported that the DCI message could dynamically fall back to a more robust transmission mode whenever accurate CSI feedback is not available or reliably received. This kind of dynamic fallback operation is best achieved by means of the UEs monitoring some fallback candidates in the search space within every subframe. Although legacy PDCCH could act as the fallback candidate in Rel-11, considering the possibility of supporting stand-alone ePDCCH in a future release, it is preferred that distributed ePDCCH could also be configured as the fallback candidate if localized transmission is not feasible [11].
Proposal 3: A UE can be configured to monitor both localised and distributed ePDCCH USS candidates in the same subframe.
In general, a search space is defined by the number and position of the decoding candidates per aggregation level. For legacy PDCCH, a starting candidate is determined by a UE-ID based randomization function (i.e., Hashing function) on top of the CFI-indicated legacy control region, and then the other candidates at the same aggregation level are located contiguously until the predefined number is reached. By contrast, the starting position of the search space of R-PDCCH is the boundary of the PRB resources allocated (i.e., the lowest indexed PRB allocated for R-PDCCH). This kind of search space design is reasonable for the relay backhaul link because the number of relay nodes is typically small, but for ePDCCH there is always the possibility of multiple candidates for different ePDCCH candidates coinciding within the same set of resources for both distributed and localized operation, so some kind of randomization functions may need to be defined to reducing the probability of continuous blocking in successive subframes arising from collisions of the candidates for different UEs’ ePDCCHs. 
Distributed candidates and localized candidates could share the same randomization function per aggregation level or use separate ones. One example of using a randomization function in the search space definition is shown in Figure 2. A single function is shared by distributed candidates and localized candidates at aggregation level 1. Here the localized candidates at aggregation level 1 are sparsely distributed across the allocated PRB pairs and all the candidates share the same relative position within each PRB pair which is derived by the randomization function.  For the distributed transmission, a candidate is made up of a number of spaced-out eREGs that are evenly spaced across multiple PRB pairs. For example, candidate 4 of distributed transmission in Figure 2 consists of eREG 8, 24, 40 and 56 which are located in different PRB pairs. In this way, frequency diversity gain could be achieved so the robustness of ePDCCH distributed transmission could be ensured. In this way, a single randomization function is shared by distributed candidates and localized candidates at aggregation level 1.
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Figure 2. An example of ePDCCH search space 
Proposal 4: A randomization function needs to be specified for the search space for both distributed and localized transmission.
The number of aggregation levels supported directly affects the number of blind decodings that a UE needs to perform. It is generally desirable to keep the total number of blind decodings as low as possible, although given the progress of technology it may be quite reasonable to allow more than the 44 blind decodings of Rel-8 or the 60 blind decodings of Rel-10. The number of blind decodings is especially an important consideration for ePDCCH because, as proposed above, it is desirable for the UE to monitor both distributed and localized candidates in the same subframe.
Four different aggregation levels {1, 2, 4, 8} are supported by legacy PDCCH to be rate-adaptive according to different channel conditions and DCI message sizes. A similar level of adaptation should be supported by ePDCCH to achieve good resource efficiency, ensure transmission robustness and provide sufficient coverage.  The distributed transmission can ensure the robustness of ePDCCH especially when the CSI feedback becomes unreliable or unavailable (e.g. due to high mobility of the UEs or poor RF condition). In contrast to the distributed transmission, localized transmission aims to achieve the frequency selective gain and beamforming gain based on the availability of accurate CSI feedback. For the UEs with relatively poor RF conditions where a high aggregation level is needed, CSI feedback may no longer be accurate, which makes distributed transmission a better choice than localized transmission. Considering the favorable channel conditions needed for closed-loop operation, it makes sense that only the relatively low aggregation levels are supported for localized transmission. The distributed transmission can anyway serve as the fallback option through eNB scheduling when localized transmission could not perform effectively. 
Proposal 5: Relatively low aggregation levels are supported for localized transmission (1,2,4 seems reasonable).
A number of contributions [8, 9] compared the link-level performance of distributed ePDCCH and legacy PDCCH and observed that distributed ePDCCH may degrade the BLER performance by 2-3dB compared to legacy PDCCH. As we discussed in our companion contribution [10], the number of actually usable REs for an eCCE may be smaller than the nominal size of 36 REs due to the presence of other signals, so the link-level performance degrades, possibly resulting in incorrect reception of the DCI message even if 8 eCCEs are aggregated for the transmission. In order to provide robust transmission and comparable (or enhanced) coverage, candidates at aggregation level(s) higher than 8 may be needed for ePDCCH distributed transmission. 
Proposal 6: An aggregation level higher than 8 needs to be considered for ePDCCH distributed transmission. We propose to include at least aggregation level 16, to give approximately 3dB gain relative to aggregation level 8.
3 Conclusions
In this contribution, we have further discussed different aspects of ePDCCH search space design as well as aggregation level selection and made a few proposals:  
Proposal 1: Use higher layer signalling to indicate the PRB locations for the ePDCCH search space. 

Proposal 2: The ePDCCH USS candidates for localized transmission should be able to be spaced widely across the configured frequency band.
Proposal 3: A UE can be configured to monitor both localised and distributed ePDCCH USS candidates in the same subframe.
Proposal 4: A randomization function needs to be specified for the search space for both distributed and localized transmission.
Proposal 5: Relatively low aggregation levels are supported for localized transmission (1, 2, 4 seems reasonable).
Proposal 6: An aggregation level higher than 8 needs to be considered for ePDCCH distributed transmission. We propose to include at least aggregation level 16, to give approximately 3dB gain relative to aggregation level 8.
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