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1 Introduction
In RAN1#67, the multiplexing of ePDCCH and PDSCH was extensively discussed and there was a proposed agreement for further discussion. It was decided to revisit the proposed agreement in RAN1#68. The proposed agreement is as follows: 
· 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 document, the proposed agreement is discussed. 
2 Multiplexing of ePDCCH and PDSCH
Compared to R-PDCCH with hybrid FDM/TDM multiplexing, PRB-pair-level based multiplexing of ePDCCH and PDSCH within a subframe, i.e. PDSCH and ePDCCH occupy different PRB pairs in one subframe [1] as depicted in Figure 1, is preferred because
· The demodulation of ePDCCH(s) transmitted in one PRB pair can fully utilize the DMRS over two slots to estimate the channel, which is better than hybrid FDM/TDM multiplexing using only one slot DMRS.
· There is a good backward compatibility because ePDCCH is transmitted in one or several PRB pairs, and it does not impact the scheduling of legacy UEs.
· It can avoid resource fragmentation. As there are more DL assignments than UL grants normally, more resource blocks will be used for ePDCCH in the first slot with hybrid FDM/TDM multiplexing. This usage will impact scheduling (resource allocation) and interference coordination for ePDCCH.
Hence, PRB-pair-level based FDM multiplexing of ePDCCH and PDSCH within a subframe is supported.
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Figure 1. PRB-pair-level based FDM multiplexing of ePDCCH and PDSCH
Our understanding is that there is no need to support the multiplexing of ePDCCH and PDSCH within a PRB pair, which is illustrated in Figure 2. 
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Figure 2. Illustration of ePDCCH and PDSCH multiplexing in one PRB pair.
Firstly, the multiplexing of ePDCCH and PDSCH in one PRB pair contradicts the first proposal. Secondly, it will result in more signaling overhead and standardization effort. If such multiplexing were allowed in one PRB pair, new signaling is needed to indicate which resource elements or sub-carriers in the PRB pair are used for PDSCH. The reason is that the ePDCCH and PDSCH multiplexed in one PRB pair may be for different UEs. In addition, there is the complexity of which DMRS port(s) to assign for ePDCCH/PDSCH (potentially different), and the transmit power on each RS. 
There is no multiplexing of PDSCH and ePDCCH within a PRB pair
As of multiplexing more than one ePDCCH within a PRB pair, we understand a possible concern about spectral efficiency if only one ePDCCH is transmitted within a PRB pair: a PRB pair can convey up to 4 CCEs, in possible increments of 1, 2 or 4 CCEs, so there will be unused REs if the ePDCCH is of length 1 or 2 CCEs. Thus, up to 4 ePDCCH can be multiplexed within a PRB pair, in which case each ePDCCH would convey 1 CCE. Before deciding whether to allow multiplexing more than one ePDCCH within a PRB pair, we need to analyze the advantages and disadvantages. There are basically two general concerns: the existence of opportunities for multiplexing, and receiver implementation complexity. 
Ideally, to schedule two or four ePDCCHs in the same PRB pair makes sense when the optimum PRB numbers of all of them are the same. This might be rather difficult to achieve if the channel state information reported from the UE has fine granularity. However, it may happen that the MSC granularity that will be defined for ePDCCH might be coarse enough so that there may be many PRB pairs whose beamforming gain is lower than the optimal PRB pair but can sustain the same MCS level. Furthermore, due to scheduling constraints, it may not be possible to select the optimal PRB pair.
The second question is whether the UE complexity can be kept reasonable with additional ePDCCHs per PRB pair. As up to 4 ePDCCHs can be multiplexed within a PRB pair, the total number of blind decoding attempts per UE per PRB pair would be 7 for one possible search space design. The UE will have to search several frequency locations. If all RBs are searched, the number of blind decodings is prohibitively high (up to [image: image4.wmf]DL
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 if the search space is the total bandwidth, although this number could be reduced with simple rules . 
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 can be achieved relatively easily). However, if for example the search space (as defined in [2]) is limited to e.g., 4 PRB pairs, the number of blind decodings is at most 28, which is reasonable. If only two ePDCCHs are multiplexed together in a PRB pair, at most 28 blind decodings can be achieved with 8 PRB pairs. Consequently, if multiplexing of several ePDCCHs is allowed, the search space has to be limited in terms of numbers of RBs.
3 Conclusion
Based on the discussion, the following proposals for the multiplexing of ePDCCH and PDSCH are confirmed
· PRB-pair-level based FDM multiplexing of ePDCCH and PDSCH within a sub-frame
· There is no multiplexing of PDSCH and ePDCCH within a PRB pair

· Multiplexing ePDCCHs within a PRB pair requires a limited search space in terms of number of PRB pairs to maintain reasonable UE complexity.
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