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1 Introduction
Working Assumption from RAN1#66bis, based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:
· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
This document discusses multiplexing between E-PDCCH and PDSCH. 
2 Discussion
We propose that one PRB pair should contain multiple E-PDCCHs or multiple parts of E-PDCCH since one PRB pair is too large for one E-PDCCH [2]. However, the system design is much simpler if E-PDCCH and PDSCH are not multiplexed within a PRB pair. For multiplexing E-PDCCH and PDSCH, UE is required to know the partially allocated PDSCH area in a PRB pair correctly. In addition, in case one E-PDCCH utilizes all OFDM symbols like FDM allocation, the power resource of un-used REs is fully utilized by power boosting of E-PDCCH and/or PDSCH. Then, it is not necessary to optimize small un-used REs. Therefore, E-PDCCH and PDSCH should be allocated on different PRB pair (The definition of PRB pair is one layer) to avoid complex allocation of PDSCH.
Issue on multiplexing between E-PDCCH and PDSCH
In order to allocate E-PDCCH and PDSCH in a PRB pair, UE should know the RE usage of PDSCH and E-PDSCH area correctly. This issue is really complex when the target of the UE is different between PDSCH and E-PDSCH. Even the same target between PDSCH and E-PDSCH, the issue is complex as described following.

In Relay operation with R-PDCCH, “If the relay node receives a resource allocation which overlaps a PRB pair in which a downlink assignment is detected in the first slot, the relay node shall assume that there is PDSCH transmission for it in the second slot of that PRB pair”[1]. Therefore, only 2nd slot of PRB pair can be allocated to PDSCH. However, this allocation scheme has an issue on type 0 allocation (RBG allocation). In type 0 allocation, PRB pairs in a RBG are allocated by one resource allocation bit. When there is DL assignment on a PRB pair, UE assumes the resource allocation bit for the RBG allocate 2nd slot of the PRB pair with DL assignment and vacant PRB pairs in the same RBG which is not used for DL assignment as shown in Figure.1(a). This allocation rule is applied regardless of UL grant detection. Therefore, when DL assignment and UL grant are allocated on a PRB pair, the vacant PRB pairs in the RBG can not be allocated for PDSCH as shown in Figure.1 (b). Consequently, the vacant PRB pairs are wasted. 2nd slot of PRB pair with DL assignment and vacant PRB pair can not be allocated separately by 1 resource allocation bit.
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Figure 1
This issue is not only for FDM+TDM approach like Rel.10 R-PDCCH, but also for FDM/Interleaving/TDM between E-PDCCH and PDSCH.
If E-PDCCH and PDSCH are always allocated on different PRB pairs in same RBG, the vacant PRB pair in the same RBG, which is not used for DL assignment, can be allocated to PDSCH regardless of UL grant. When there is DL assignment on a PRB pair, UE assumes the resource allocation bit for the RBG allocates the vacant PRB pairs in the same RBG to PDSCH as shown in Figure 2. 
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Figure 2
Spatial multiplexing between E-PDCCH and PDSCH
Spatial multiplexing between E-PDCCH and PDSCH can be supported. The spatial multiplexing can be used for DL assignment and UL grant for a UE. For the spatial multiplexing which is transparent to UE, only antenna port 7 or port 8 is used for E-PDCCH transmission. Therefore, E-PDCCH should be demodulated by antenna port 7 or 8. The number of DMRS should be 12 REs in a PRB pair. On the other side, spatial multiplexing between E-PDCCH and PDSCH limits the rank of PDSCH transmission since the rank of PDSCH transmission is common in all allocated PRB pairs within a UE.

3 Summary

This contribution discussed multiplexing between E-PDCCH and PDSCH. Based on the discussion, the following proposals are made:
· E-PDCCH and PDSCH should be allocated on different PRB pair
· Spatial multiplexing between E-PDCCH and PDSCH can be supported
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