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1. Introduction
At RAN1#68bis the need was identified to consider whether multiplexing of localised and distributed ePDCCH parts is needed in the same PRB pairs. This issue is addressed in this contribution.
2. Discussion
2.1. Background

For the purposes of this discussion we make the following assumptions: 

· The minimum unit of resource allocation for a DCI message on ePDCCH is one eCCE

· Up to four eCCEs can be multiplexed in a single PRB pair with localized transmission
· For distributed transmission the frequency diversity order is 4. This means that: 

· The number of PRB pairs available for distributed transmission will be a multiple of the diversity order

· A distributed DCI message will be spread over 4 PRB pairs

· Up to 16 distributed eCCEs can be multiplexed in 4 PRB pairs   
· All the resources reserved for ePDCCH can be used for eCCEs without any blocking 

· The control channel loading is dimensioned in terms of the number eCCEs that need to be transmitted in a given subframe, without considering the aggregation levels involved
In principle, the most efficient multiplexing of localized and distributed ePDCCH will be achieved if they can share the same resources, rather than using separate resources. However, in order to motivate supporting this feature in the ePDCCH design, the potential savings need to be evaluated.    
2.2. Multiplexing efficiency evaluation
Based on the assumptions above we consider the following scenario:

· Equal numbers of localized and distributed eCCEs are transmitted

· The minimum required resource required for ePDCCH is calculated in terms of PRB pairs for:-
· Separate resources (localized and distributed eCCEs are not transmitted in the same PRB pair)

· Shared resources (localized and distributed eCCEs may be transmitted in the same PRB pair, and any combination is permitted) 

[image: image1.png]Number of PRB paisr occupied

25

20

15

10

Multiplexing Efficiency

—

20 40 60 80 100
Number of eCCEs per subframe

- Separate Resources

~———Shared Resources





Figure 1: Comparison of ePDCCH multiplexing efficiency with shared and separate resources for localized and distributed transmission
Figure 1 shows that up to 4 PRB pairs can be saved by sharing resources, under the somewhat ideal assumptions considered. In practice, due to limited size of UE search spaces, 100% utilization will be difficult to achieve, and more resources would be required than suggested by these results. However, we expect that the advantages of shared resources will be maintained.  
3. Conclusion
The ePDCCH design should support multiplexing of localized and distributed transmission in the same PRB pairs, in order to take advantage of the potential improvements in efficiency of resource usage.
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