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1 Introduction
In last meeting, the multiplexing schemes for ePDCCH were discussed. This contribution gives further analysis on the ePDCCH multiplexing and possible way of multiplexing with PDSCH. 
2 Discussions
Different structures for E-PDCCH transmission multiplexing with PDSCH have been mentioned during previous meetings, there are mainly 4 options which are shown in Figure 1
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Figure 1 Different structure for E-PDCCH transmission multiplexing with PDSCH
Option 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 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 UE 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 or enhanced CSS.
The multiplexing of ePDCCH and PDSCH brings some issues related to UE specific RS. There will be some limitations of ePDCCH power boosting when multiplexing with PDSCH with the same UE specific RS port. New power offset signaling can be introduced. Since different UEs should use different UE specific RS ports, Rel-10 RS ports allocation for PDSCH may need to be extended to give flexible port usage.
Option 2: Pure FDM
The scheme uses both of the 2 slots in one RB for DCI transmission. Thus, it seems that DMRS power and DMRS ports allocation issues can be avoided if DCIs are transmitted on the whole RB. However, consider the 1 RB have more than 100 REs and for additional carrier up to 168 REs(including RS), it should be quite majority case that more than 1 DCI is multiplexed in 1 RB. In case distributed allocation of ePDCCH, multiplexing more UE should be considered.

It’s ideal that RB should be fully multiplexed with ePDCCH from different UEs. Unfortunately, for some Non-full-buffer scenario with fewer users, the different search space may result in case illustrated in Figure 2. Further more, DCIs with transmit diversity and beamforming are difficult to be multiplexed in same RBs. Thus, the multiplexing of ePDCCH and PDSCH is also needed to avoid resource wasten under pure FDM mode as option 1.
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Figure 2 FDM multiplexing ePDCCH with PDSCH in RBs
Beside lack of micro-sleep in pure FDM, it is already noted in [1] that the UE will have limited time to finish the demodulation and ack. This will limit advanced receiver to be applied for UE. Another thing need to be considered is the UE will have less time to calculate A-periodic RI/PMI/CQI in this case. For CoMP scenario, multiple points’ A-periodic CSI will consume more time.
Option 3: Hybrid FDM/TDM

-  Option 3A  
As R-PDCCH, this method gives DL grant in 1st slot. The latency can be minimized. Since UL grant and DL grant are not symmetric for UE, ePDCCH and PDSCH of different UEs multiplexed in TDM should also be considered. A UE may detect DCI in both slots and the multiplexing PDSCH of different UE could be more complex. Separation of DL and UL DCI format will also not utilize the format sharing of 0/1A.
- Option 3B

In this scheme, different DCI from different UE can be transmitted in TDM. Then no PDSCH multiplexing is needed. Latency-sensitive UE can be transmitted first. eNodeB can easily distinguish UE sensitivity by implementation. Further, we can use cross sub-frame scheduling to fully resolve latency and resource waste problem. Since the DCIs is more evenly distributed among slot, there is less need for multiplexing with data.
Option 4:  Pure TDM
Pure TDM is fully applied in legacy PDCCH design. However, it is not flexible for eICIC. The beamforming gain can hardly be ensured. For TDM occupying entire bandwidth, legacy UE can not access the sub-frame. This option should also consider multiplexing ePDCCH and PDSCH in one RB.
It should be noted that PDCCH transmission multiplexing with PDSCH will brings more standardization impacts than multiplexing of different DCI messages. So we believe it should be studied that if there are good solutions to multiplex different DCI messages for both latency reduction and resource saving. 

If multiplexing different UE’s PDSCH should be introduced, we see that pure FDM mode and 1st slot FDM both need to introduce it. Resource indication and flexible UE specific RS port allocation should be considered among different options. Thus, we believe those scheme are similar in terms of standardization impact and our preference is option 1 because of the small latency for DCI.

Proposal1: We should study DCI message multiplexing to solve both latency reduction and resource saving
Proposal2: If we finally have to deal with ePDCCH and PDSCH multiplexing, Option1 is preferred.
3 Conclusion
As we analyzed in above, the ePDCCH should well accommodate UEs with different processing capabilities. If multiplexing of ePDCCH and PDSCH can not be avoided by proper design of DCI message multiplexing, we prefer option 1.
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