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1 Introduction
In last meeting, the multiplexing schemes for ePDCCH were discussed. Views from different perspectives are given in different sources. This contribution gives further analysis on the ePDCCH structure from the contributions we shown in previous meetings.
2 Discussions
2.1 DCI Latency issues 

Increasing of DL Grant latency will reduce reserved time for UE processing (decoding DL control signaling, data transmission and transmit UL feedback), bring higher UE processing speed requirement, and impact UE implementation complexity which is a very important factor as it directly impacts the cost of the equipment. 

In Rel-8/9/10, in order to obtain a reasonable trade-off between UE complexity and performance, there are 3.7ms-2 Tp reserved for UE processing. The maximum cell radius of 100km will result 2 Tp = 0.67ms. Al least 3ms is leaved for Rel-10 UE processing. Naturally, designing Rel-11 ePDCCH should not omit this level of processing time. Spanning whole subframe will reduce around 0.7ms, which is significant in original processing time. ePDCCH are considering multiple modulation orders and detecting multiple DMRS ports, this will also require more processing for UE. Some potential structure such as 2-level control may increase processing delay. For PDSCH decoding, the maximum 8 layer transmission will set higher requirement to UE. The advance receiver is another reason for UE to use more time to decoding. UL grant is relatively not sensitive than DL. But, the CSI feedback may also need more time in case multiple CSI resource need feedback.
Proposal: The impact of DCI latency on UE complexity should be carefully studied in ePDCCH design 
2.2 Multiplexing schemes 

Different structures for ePDCCH transmission multiplexing with PDSCHs and ePDCCHs have been mentioned previously. We consider DCI latency, resource utilization, standardization impact and complexity for choosing multiplexing scheme.
Option 1: 1st-slot FDM mode
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                 Figure 1 1st-slot FDM
Only 1st slot is used for ePDCCH transmission. This result less latency for DCI decoding and gives more processing time for control signaling decoding, data demodulation and CSI calculation in UE side. The unused 2nd slot can be used for PDSCH transmission of the same UE. Multiplexing scheme for DL Grant and PDSCH in relay can be reused. For UL grant, it’s hard to multiplex with PDSCH of the same UE in one RB, so control signaling and data from different UEs can be multiplexed as a further optimization and how to distinguish resource for ePDCCH and PDSCH should be considered. 

In Rel-10, 2bit PCFICH value is used for indicating division between Legacy PDCCH and PDSCH under pure TDM mode. More flexible signaling are needed to signal the border between ePDCCH and data from different UE under 1-slot FDM mode, as a candidate, these bits could be transmitted on CSS.

Observation: 1st-slot FDM mode cause less DCI latency. It needs more effort to improve resource utilization and thus introduce some limitation for multiplexing.
Option 2: Pure FDM 
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Figure 2 Pure FDM
PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM have relative better demodulation. It has better demodulation performance and less standard impact. No signaling needed to indicate the border between ePDCCH and Data. The ePDCCH multiplexing within PRB is simplest.
This scheme uses both of the 2 slots in one RB for DCI transmission, which means there is less time for UE processing and CSI calculation. This will require higher UE processing speed.

The resource utilization in full loaded cases is high. But, for some scenario with less users, the different search space may result in resource waste when distributed transmission. 

Observation: Pure FDM is a simple and efficient scheme, but it increase requirement for UE processing.
Option 3： FDM with PDSCH decoding relaxation

For option 2, DCI have to be mapped toward the end of subframe. To ease large penalty for UE’s processing time, one solution is limit the maximum allowed TBS that can be included in the Rel-11 ePDCCH. Another is to introduce configurable Cross-subframe scheduling.
As shown in Figure 3, A DCI toward end of subframe will share similar round time as the PDCCH in the next subframe. Thus, it would be natural to use this ePDCCH to schedule the PDSCH in the next subframe. As ePDCCH is a new component of control signaling, the related HARQ timing, feedback resources can be well appended to those for the next subframe. The standard impact of cross-subframe scheduling is very small. 
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Figure 3 Cross-subframe scheduling for ePDCCH DL grant

Observation: This scheme share most of advantages of Option 2 and solve the DCI latency issue.
Option 4： Hybrid FDM/TDM
As a modification structure reference to R-PDCCH, we can consider multiplexing different UE’s DCIs as illustrated in Figure 4. A simple example is UL Grant can be mapped to the 1st slot or 2nd slot, and the DL Grant is only mapped in the 1st slot. This scheme has less DCI latency. Number of blind decoding is increased comparing with R-PDCCH.
As an extension, the DL grant can be allowed to transmitted in second slot to achieve better utilization of resource. Those DL/UL grant in the second slot is assigned to UE with less latency sensitivity, if eNodeB can detect UE latency.
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Figure 4 Enhanced Hybrid FDM/TDM
Observation: Hybrid FDM/TDM will reduce the DCI latency with some cost of blind decoding.
3 Conclusion
As we analyzed in above, the ePDCCH should well accommodate UEs with different processing capabilities. One simple way of relax the decoding time is shown in option 3. We should carefully trade off the design of ePDCCH and UE complexity..
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