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1. Introduction
The search space design for ePDCCH directly relates to the physical structure design of ePDCCH.  Without high-level agreements on the search space design, it would not be able to proceed the detailed physical structure design of ePDCCH.  In this paper, we would like to provide our views from three aspects for the search space design of ePDCCH – 1) basic element for the search space, 2) multiplexing of seach spaces for different UEs and 3) support of common search space.


2. Discussion
2.1  Basic Element for the Search Space
Though there are no agreements on how to multiplex ePDCCH and PDSCH yet, either PRB or PRB pair is very likely to be the basic element for ePDCCH assignment.  Howevr, the total number of resource elements in one PRB is at most 84 (when there is no PDCCH region), which is too large to be a basic element for the search space in ePDCCH, compared to existing CCE in PDCCH.  To efficiently make use of the assigned ePDCCH physical resources, a smaller granularity for the search space in ePDCCH is preferred, even smaller than the current CCE definition.  Since the existing aggregation level mechanism for the search spaces in PDCCH works well, it is preferred to apply a similar design in ePDCCH as well so that no extra specification efforts are needed.  To reuse the design in PDCCH, the size of the basic element is better to be similar to that of current CCE definition.  Therefore, we propose:
Proposal #1:  Reuse the design concepts of search space formation in PDCCH, such as control channel element (CCE) and aggregation level, as the baseline of ePDCCH design and the size of the basic element for the search space in ePDCCH is preferred to be similar to that of CCE in PDCCH.
2.2  Multiplexing of Search Spaces for Different UEs
Original intention to design search space for blind decodings in PDCCH is to reduce possible signaling overhead to indicate the location and the size of DCI.  The main advantage to have ePDCCH is the flexible adjustment of physical resources between the control region and the data region.  With ePDCCH, the capacity of control region will not be exhausted before all of physical resources for the data region are scheduled.  However, one of key issues for ePDCCH is the processing time left for PDSCH decoding in UE is largely shortened by about 8.5~25% [1].  The reduced processing time mainly comes from the decoding time for ePDCCH so it would be beneficial if the decoding time for ePDCCH could be reduced.  One solution is to reduce the number of blind decodings in ePDCCH.  To reduce it, the designed search spaces for different UEs could be multiplexed without overlapping and the size of each search space thus could be reduced without increasing blocking rate.  However, this would introduce extra signaling overhead to indicate the location and size of each search space for each UE; otherwise, there would be large waste of physical resources for ePDCCH.  To resolve it, allowing certain degree of overlapping among different search spaces for different UEs is inevitable.  Therefore, the multiplexing scheme of search spaces for different UEs is preferred to be similar to that for PDCCH.  However, the detailed design and whether other mechanisms are needed requires further investigation.  Based on the above discussion, we propose:
Proposal #2:  Reuse the design concepts of search space multiplexing scheme in PDCCH as the baseline of ePDCCH search space design.  The detailed design of search space multiplexing and whether other mechanisms are needed to further reduce the complexity of blind decoding requires further investigation.
2.3  Support of Common Search Space

In previous meetings, it was discussed that ePDCCH can be applied for new carrier type in carrier aggregation, CoMP, DL-MIMO, MBSFN subframes, ICIC in HetNet and machine type communication (MTC).  For the application of new carrier type in carrier aggregation, there is no strong motivation for ePDCCH to support common search space because new carrier type will not be a stand-along carrier and thus there is no need to support common search space in new carrier type.  For the application of CoMP and DL-MIMO, there might be needs to support common search space in ePDCCH due to the limitation of control channel capacity in some scenarios, such as CoMP scenario 4 but the motivation is not strong enough because DCIs for different broadcasting messages (DCIs having CRC scrambled with SI-RNTI, P-RNTI and RA-RNTI) can be scheduled in the PDCCH of different subframes to resolve the control capacity issue without serious performance degradation.  The main benefits to support common search space in ePDCCH is for the application of ICIC in HetNet and MTC.  In HetNet environments, the interference between macrocell and picocells/femtocells is serious, especially when the cell range extension (CRE) is applied.  If the common search space is supported in ePDCCH, FDM ICIC can be applied to mitigate the inter-cell interference for the common search space.  For MTC, since it is required for MTC devices to coexist with regular UEs in the same channel bandwidth, new control channel will be needed if the channel bandwidth for MTC is decided to be narrow band.  To avoid duplicate efforts, the design of ePDCCH is preferred to provide forward compatibility for MTC application.  In this case, common search space should be supported in ePDCCH.
However, there are two issues to be further considered for the support of common search space in ePDCCH.  First, there will be duplicate overhead for DCIs having CRC scrambled with SI-RNTI, P-RNTI and RA-RNTI if common search space is supported in ePDCCH.  This is because UE configured to use ePDCCH for downlink schedulers/uplink grants won’t need to access PDCCH if ePDCCH supports common search space as well.  Second, current RRM/RLM measurement schemes are bundled with CRS and the thresholds for radio link failure is based on the detection performance of PDCCH so it won’t be able to provide the benefits of ePDCCH if ePDCCH supports common search space.  Because the radio link may be decided to be failure before the detection performance of ePDCCH actually degrades under the threshold.  Though there are benefits to support common search space in ePDCCH, other mechanisms also need to be jointly considered so that we can truly benefit from the support of common search space in ePDCCH; otherwise, there is only extra control overhead and no benefits can be enjoyed.  Therefore, we propose:
Proposal #3:  The benefits to support common search space in ePDCCH should be further investigated and considered with other mechanisms jointly.  Before the true benefits are guaranteed, the support of only UE-specific search space in ePDCCH should be the baseline.


3 Conclusion

In this paper, we provide our views on the search space design in ePDCCH from three aspects – 1) basic element for the search space, 2) multiplexing of seach spaces for different UEs and 3) support of common search space.  The proposals are concluded as follows.
Proposal #1:  Reuse the design concepts of search space formation in PDCCH, such as control channel element (CCE) and aggregation level, as the baseline of ePDCCH design and the size of the basic element for the search space in ePDCCH is preferred to be similar to that of CCE in PDCCH.
Proposal #2:  Reuse the design concepts of search space multiplexing scheme in PDCCH as the baseline of ePDCCH search space design.  The detailed design of search space multiplexing and whether other mechanisms are needed to further reduce the complexity of blind decoding requires further investigation.
Proposal #3:  The benefits to support common search space in ePDCCH should be further investigated and considered with other mechanisms jointly.  Before the true benefits are guaranteed, the support of only UE-specific search space in ePDCCH should be the baseline.
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