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1. Introduction

At the RAN1# 67meeting, the following tentative agreements on the multiplexing of ePDCCH and PDSCH were proposed by the chairman but without conclusion [1]:
· 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 contribution, our views on multiplexing of ePDCCH and PDSCH are given.
2. Discussion 
Regarding the multiplexing of ePDCCH and PDSCH, the main argument is either pure FDM or TDM+FDM should be adopted.  
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Fig.1, Example of pure FDM and TDM+FDM
The advantages of pure FDM have been extensively discussed in many contributions [2-4], some of which are listed in the following:
Avoiding resource fragmentation: If ePDCCH is restricted to the 1st slot, the 2nd slot can only be used to transmit data for the same UE whose DCI occupies the 1st slot. It is likely that many UEs will be scheduled by ePDCCH, and  in this case TDM+FDM design may suffer from  the  issue of resources fragmentation and scheduling restriction. In contrast, pure FDM scheme separates ePDCCH from PDSCH in the frequency domain. Moreover, the resources reserved for ePDCCH can be shared by DCIs of different UEs. Thus, pure FDM can avoid the resource fragmentation and reduce the complexity of user scheduling. 
Better link performance: In pure FDM, an ePDCCH can be allocated in the two slots, which make it possible to estimate channel across the two slots and obtain more accurate channel state information. In contrast, TDM+FDM scheme only uses 1st slot for ePDCCH demodulation and will suffer from the performance degradation of channel estimation.
Increased flexibility in frequency-domain ICIC: Frequency-domain splitting of the resource allocation for ePDCCH and PDSCH will facilitate the frequency-domain ICIC of ePDCCH. For example, in some cases, reduced power ABS, or even normal transmission in the aggressor cells is acceptable for PDSCH of the victim cell. Meanwhile, in order to ensure the robustness, muting of some PRB pairs in the aggressor cells is preferred.  If PDSCH and ePDCCH are configured with the same frequency-domain ICIC, some resources in the aggressor cells may be wasted.
No need to change PDSCH mapping: Since PDSCH and ePDCCH are allocated to different PRB pairs, PDSCH can reuse the existing RE mapping scheme. Thus no additional standardization effort is needed. 
We also observed that TDM+FDM design will restrict the flexibility of PDSCH transmission. The following are two examples:
Limited MU-MIMO transmission of PDSCH: MU-MIMO is discussed for ePDCCH in some contributions [5],  but no agreement has been reached up to now. Thus if TDM+FDM design is adopted with supporting SU-MIMO only, there are two alternatives to deal with the issues related to the MU-MIMO PDSCH transmission:
· Alt1: Only SU-MIMO PDSCH. 
· Alt2: Puncturing corresponding resources and explicitly signaling the information to the co-scheduled UE(s). This alternative will reduce the resource utilization and need to specify new signaling mechanism for the MU-MIMO UEs. 
As MU-MIMO is a key technique for LTE to boost the throughput, the above alternatives are inefficient and not acceptable. 
Restricted PDSCH resource allocation and multiuser scheduling: In case of 20MHz bandwidth, there are 100 PRBs totally. It is not preferable for a UE to blind decode ePDCCH across the whole 100 PRBs. Hence the search space for one UE is always pre-determined or configured via high layer signaling, which means that the ePDCCH for one UE can only be mapped to a subset of PRBs. For TDM+FDM design, the DL grant and PDSCH are allocated together and  hence PDSCH transmission should be allocated around the UE’s ePDCCH search space. If so, the flexibility of frequency-selectively scheduling and multiuser scheduling is quite limited, thereby leading to potential performance loss.
Based on the above discussions, we prefer  to multiplex PDSCHs and ePDCCHs using pure FDM.
Main concern on pure FDM lies in the decoding latency [6-8]. If it is still a problem even considering development of hardware capability, we think that some potential solution to relax the PDCCH processing, e.g., cross-TTI/multi-TTI scheduling, could be investigated.   

Proposal 1: pure FDM of ePDCCH and PDSCH is preferred.
Proposal 2: If deemed necessary, solutions for PDSCH decoding relaxation could be further investigated.
3. Conclusion

In the contribution, pure-FDM and TDM+FDM for the multiplexing of ePDCCH and PDSCH are compared. Based on the discussions, we have the following proposals:

· Proposal 1: pure FDM of ePDCCH and PDSCH is preferred.
· Proposal 2: If deemed necessary, solutions for PDSCH decoding relaxation could be further investigated.
4. References

[1] RAN1#67 Chairman’s notes

[2] R1-113900, “Multiplexing between PDSCH and E-PDCCH”, Renesas Mobile Europe Ltd
[3] R1-113679, “On multiplexing enhanced control channels with PDSCH”, Ericsson, ST-Ericsson
[4] R1-114241, “Resource multiplexing of E-PDCCH”, Samsung
[5] R1-113654, “ePDCCH multiplexing with PDSCH”, Huawei, HiSilicon
[6] R1-114329, “E-PDCCH design principles”, Nokia, Nokia Siemens Networks
[7] R1-113992, “Discussion on E-PDCCH multiplexing”, LG Electronics
[8] R1-114124, “Multiplexing e-PDCCH with PDSCH”, Qualcomm
_1388235786.vsd

