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1. Introduction
In RAN1 #67, though there are proposed agreements shown as follows [1], none is agreed in the end after long online discussion.
· PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

· A PRB pair may contain parts of different ePDCCHs to different UEs

· Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM
· How to multiplex ePDCCHs within a PRB pair is FFS
In this paper, we provide our views on the related issues and the proposed agreements.


2. Discussion
2.1  Multiplexing Scheme Between ePDCCH and PDSCH
Regarding to the multiplexing between ePDCCH and PDSCH, there are four main schemes shown as follows.
· Alt 1: Multiplexing schemes of R-PDCCH variants

· Same as R-PDCCH

· R-PDCCH like
Since the number of UEs is much larger than the number of relays, applying Alt 1 to ePDCCH will introduce fragmented PDSCH due to the small capacity of the first slot to accommodate all DL schedulers for UEs.  It would introduce high imbalance of the occupied PRBs for ePDCCH in the first and second slot because the overhead for DL schedulers is usually equal to or higher than that for UL grants.  This imbalanced resource allocation for ePDCCH would further limit the useful resources and thus results in large performance impact for legacy UEs.  Therefore, it is not preferable to adopt Alt 1 as the multiplexing scheme for ePDCCH.

· Alt 2: Pure TDM
For Alt 2, we don’t see many benefits brought to ePDCCH, except enhanced control capacity and more processing time left for UE’s PDSCH decoding, compared to other alternatives.  Due to its inherent properties like legacy PDCCH, it is not easy to efficiently adjust the control overhead due to its large granularity and there is also difficult to apply FDM ICIC scheme for interference coordination.  Therefore, it is also not preferable to adopt Alt 2 as the multiplexing scheme for ePDCCH.

· Alt 3: Pure FDM

· No condition
· Condition on reduced number of ePDCCH blind decodings and PDSCH decoding relaxation => Preferred
For Alt 3, aforementioned problems in Alt1 and Alt 2 do not exist any more and it also provides better power balance for ePDCCH and PDSCH transmission in a subframe.  However, the shortcomings of Alt 3 are larger required buffer size for received signals and smaller processing time left for UE’s PDSCH decoding, compared to the legacy PDCCH.  Though Alt 3 brings a lot of benefits in other aspects, we would like to raise our concerns regarding to UE processing time for PDSCH decoding if no condition is imposed to resolve this issue.  There are two ways to resolve the issue of UE processing time for PDSCH.  The first way is to shorten ePDCCH decoding time by reducing the number of ePDCCH blind decodings; the second way is to reduce the size of the maximal allowable data packet scheduled by ePDCCH.  Therefore, it is preferable to adopt Alt 3 conditioned on a reduced number of ePDCCH blind decodings and PDSCH decoding relaxation.  Considering backward compatibility, the multiplexing between ePDCCH and PDSCH is preferred to be based on PRB-pair.  Because it is still not clear how it will impact the detection performance of ePDCCH to allow the multiplexing of ePDCCH and PDSCH within a PRB-pair, it is suggested to further evaluate the performance after the detailed design of ePDCCH is clear.
· Alt 4: TDM for DL schedulers; FDM for UL grants

For Alt 4, it also has the same issues as Alt 1.  Therefore, it is not preferable.
Proposal #1:  Adopt Alt 3 conditioned on a reduced number of ePDCCH blind decodings and PDSCH decoding relaxation.  The multiplexing between ePDCCH and PDSCH is based on PRB-pair and the multiplexing of ePDCCH and PDSCH within a PRB-pair is FFS.
2.2  Physical Structure of ePDCCH
In RAN1 #67, it was agreed to support both localized and distributed transmission of the ePDCCH.  For distributed ePDCCH, both frequency and transmission diversity can be exploited for better detection performance.  However, the frequency diversity gain highly depends on whether the physical resources of ePDCCH assigned to a specific UE is distributed enough.  To provide better frequency diversity gain for ePDCCH, it is inevitable to allow a PRB pair contain parts of different ePDCCHs to different UEs so as to achieve both efficient physical resource utilization and high distribution level.  One example is shown in Figure 1.  For localized ePDCCH, beamforming gain is exploited to enhance the detection performance and enable spatial reuse in a close-loop fasion.  Depending on the size of basic elements of ePDCCH, there may be needs to allow a PRB pair contain parts of different ePDCCHs to different UEs in localized ePDCCH as well.  But it requires further evaluation.
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Figure 1  Example illustration of distributed ePDCCH
Proposal #2:  For the distributed transmission scheme of ePDCCH, a PRB pair is allowed to contain parts of different ePDCCHs to different UEs.  For the localized transmission scheme of ePDCCH, it is FFS.


3. Conclusion

In this paper, we provide our views on the physical structure of ePDCCH and its multiplexing with PDSCH.  The proposals are concluded as follows.
Proposal #1:  Adopt Alt 3 conditioned on a reduced number of ePDCCH blind decodings and PDSCH decoding relaxation.  The multiplexing between ePDCCH and PDSCH is based on PRB-pair and the multiplexing of ePDCCH and PDSCH within a PRB-pair is FFS.
Proposal #2:  For the distributed transmission scheme of ePDCCH, a PRB pair is allowed to contain parts of different ePDCCHs to different UEs.  For the localized transmission scheme of ePDCCH, it is FFS.
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