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1 Introduction

In last RAN1 meeting, E-PDCCH multiplexing with PDSCH was discussed extensively, and majority of companies supported pure FDM scheme, which is defined in [1] as:

· 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

However, RAN1 could not agree on the proposed pure FDM scheme, and it was concluded to revisit in RAN1#68. In this contribution, we present our view on E-PDCCH multiplexing with PDSCH.  

2 Discussion

E-PDCCH multiplexing schemes have been discussed on last couple of meetings and majority of companies preferred pure FDM scheme. However, some companies opposed to selecting pure FDM scheme concerning E-PDCCH decoding latency impacting timing budget for PDSCH decoding. This concern is understandable from implementation point of view. However, other proposed scheme FDM/TDM approach has more complexity and does not satisfy E-PDCCH design requirements well. We briefly compare the two approaches being discussed in last meeting.  
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Figure 1: E-PDCCH multiplexing scheme   

Option 1: Pure FDM  ( E-PDCCH mapped on PRB pairs across two slots in a sub-frame
· Pros:

· Could provide more capacity for E-PDCCH
· Frequency domain ICIC coordination for E-PDCCH for HetNet deployment 

· Flexible for network scheduling
· It can achieve frequency diversity gain. 

· No need to change PDSCH mapping due to the presence of E-PDCCH (ie., consistent PDSCH mapping across sub-frame)  

· Less standardization impacts

· Cons:

· Might have issue with timing & latency requirements for PDCCH decoding
· UE implementation complexity due to increased buffering of received data 

· No UE power saving opportunity 
· Might have performance degradations at high speed 
Option 2: FDM/TDM ( E-PDCCH mapped on PRBs of first slot in a sub-frame

· Pros:

· Could provide adequate capacity for E-PDCCH 
· Less issue with timing & latency requirements for E-PDCCH decoding 
· Buffering of received data is not increased significantly and thus attractive for UE implementation. 

· It can achieve frequency diversity gain. 

· UE power saving opportunity 
· Less performance issues at high speed  
· Cons:

· Frequency domain ICIC coordination for E-PDCCH for HetNet deployment may be bit complicated due to the presence of PDSCH on the same frequency 

· Not flexible for network scheduling since PDSCH mapping across sub-frame is inconsistent 

· Need to change PDSCH mapping due to the presence of E-PDCCH (ie., in-consistent PDSCH mapping across sub-frame)  

· More standardization impacts

Comparing the pros and cons of both options, we propose to consider pure FDM multiplexing scheme for E-PDCCH design. 
Proposal: We propose to define pure FDM approach for E-PDCCH multiplexing with PDSCH.

3 Conclusion

We presented the pros and cons of E-PDCCH multiplexing schemes: (i) pure FDM and (ii) FDM/TDM, and we propose the following: 
Proposal: We propose to define pure FDM approach for E-PDCCH multiplexing with PDSCH.
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