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1 Introduction
In ePDCCH design, resource utilization and latency should be balanced. In our contribution of other topic [1], we have discussed the possibility of ePDCCH multiplexing with PDSCH to solve the resource utilization problem. However, if we can find a good solution for DCI multiplexing, we can fully use the ePDCCH resources and get less standard impact. This contribution is discussing the possible DCI multiplexing options. 
2 Discussion
Several candidate schemes for multiplexing of different DCI messages are identified in figure 1. We will discuss further details of different multiplexing schemes in this section
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     Figure 1 candidate schemes for multiplexing of different DCI messages
· Multiplexing of different DCI messages from the same UE(TDM, Option 1 )
R-PDCCH has given some reference for it. R-PDCCH without cross-interleaving can support DL grant and UL grant in different slot for same UE. Reuse this method will be one solution to solve latency problem with very little standardization. However there is resource waste, since UE traffic is more burst and less symmetric. On other side, separation of DL grant and UL grant search space will not utilize the format sharing of 0/1A
· Multiplexing of different DCI messages from different UE(TDM, Option 2 and 3)
As a modification, we can consider multiplexing different UE’s DCIs as illustrated in Option 2/3. R-PDCCH with cross-interleaving based on CRS is similar to those options. Regarding the DMRS ports in those options, we can consider to flexibly use port 7 and8. UL Grant can be mapped to both slots.
Option 2 allows UL/DL Grants from different UE to be multiplexed together in first slot. 

As an extension, the DL grant can be allowed to transmitted in second slot to get achieve better utilization of resource in option 3. Those DL grant in the second slot is assigned to UE with less latency sensitivity, if eNodeB can detect UE latency.
· Multiplexing of different DCI messages from different UE(FDM, Option 4)

For this case, ePDCCH structure is pure FDM. One DCI should span 2 slots. Different DCIs in 1 RB should Different DCI messages can use different UE specific DMRS ports which can be pre-defined according to the location or configured by RRC signaling. The latency of all UE is same. For certain scenarios, PDSCH need to be multiplex for efficiency.
· Multiplexing of different DCI messages from different TTI(TDM, Option 5)

On top of option 2, we can use cross-subframe scheduling to form Option 5. UE side will decode the PDSCH in the next subframe, if a DL grant is detected in the second slot. 
· Multiplexing of different DCI messages from different TTI(FDM, Option 6)

On top of option 4, option 6 uses cross-subframe scheduling for all UE or part of UEs.  As are further enhancement, eNodeB can chose either current subframe or next subframe. With this enhancement, better resource utilization can be achieved.
With considering both resource utilization and latency, option2 can be a starting point. 
Option 5，6 can be chose if the Cross-subframe scheduling adopted.
3 Cross-subframe scheduling
For some option, DL grant have to be mapped toward the end of subframe. This will give very large penalty for UE’s processing time. It should be noted that the current advancement of UE implementation should not only deal with delay budget, but also need to meet better performance of features like CoMP/MIMO/CA. A DL grant 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. We believe standard impact of cross-subframe scheduling is very small. 
Figure 2 gives illustration of the cross-subframe scheduling. It should be noted that UE blind decoding module can be continuously used in both PDCCH and ePDCCH region. There is no need for expanding the blind decoding capability, since the process could be sequential in time.
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Figure 2 Cross-subframe scheduling for ePDCCH DL grant
4 Conclusion
We had discussed DCI multiplexing with considering both resource utilization and latency. Within the topic, option2 is recommended as a starting point to study on. 

We think Option 5，6 can be chose if the Cross-subframe scheduling adopted. We also propose the group to discuss if ePDCCH can be introduced with cross-subframe scheduling, since the standard change for it is quite small.
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