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1 Introduction

In last RAN1 meeting, RAN1 discussed DCI multiplexing along with E-PDCCH multiplexing with PDSCH. Many contributions considered DCI multiplexing based on control channel element group (CCE) levels, and proposed different approaches for mapping CCE resources to PRB-pair [1-8]. In this contribution, we present our view on DCI multiplexing.  
2 Discussion

2.1 
Multiplexing DCI messages 
In the legacy PDCCH, control channel element (CCE) is defined as the minimum unit for assigning the DCI, where CCE consists of 36 RE (or 9 REG). Further, different aggregations levels (1, 2, 4 and 8) are used for before multiplexing DCI messages. We think similar approach could be adopted for E-PDCCH as well.  

We define an enhanced control channel element (E-CCE) as the minimum unit for assigning the DCI for E-PDCCH and it consists REs from a physical resource block (PRB) pair. The number of REs available in a PRB pair for E-PDCCH could vary from PRB-pair to PRB-pair within a sub-frame or could vary between sub-frames due to:

· number of OFDM symbols allocated for legacy PDCCH (or starting OFDM symbol number for PDSCH) 
· number of RS ports
· sub-frame type (ie., normal or MBSFN)

· presence of PSS/SSS/PBCH/CSI-RS/PRS in the PRB
Therefore, fixed E-CCE size is not efficient for the E-PDCCH design, considering unused REs or not enough REs for E-CCE.  We think one or more than one E-CCE can be mapped into a PRB-pair, and DCIs are multiplexed at E-CCE levels. Some contributions proposed 4 E-CCE per PRB-pair [6-8]. However, this will result in small number of REs available per E-CCE, and will result in odd number of REs in an OFDM symbol, which is not attractive for SFBC based transmit diversity scheme.  

E-CCE size could vary from sub-frame to sub-frame. Some limited number of E-CCE sizes could be pre-defined. One of the E-CCE sizes could be equal to that of legacy CCE, which is 36 REs. It should be noted that UEs have the knowledge of available REs for E-CCE on the allocated PRB-pair for E-PDCCH. Therefore, UE could calculate the E-CCE size used in the PRB-pair. 
Proposal 1: DCI multiplexing is based on Enhanced control channel element (E-CCE).

Proposal 2: E-CCE is defined as the minimum unit for assigning the DCI for E-PDCCH, and it consists REs from a PRB- pair. 
· One or more than one E-CCEs can be mapped into a PRB-pair.
· More than one E-CCE size is defined, and one size is equal to that of legacy CCE size (36 REs).  Other E-CCE sizes are FFS.
· E-CCE size could vary from sub-frame to sub-frame.
· No signaling support required to notify E-CCE size to UE.  
A number of PRB-pairs are dynamically assigned for the E-PDCCH for group of UEs. This determines available number of E-CCE for the UE, and the UE specific search space. However, E-PDCCH PRB-pairs are shared by UEs. Figure 1 and Figure 2 illustrate how DCIs are multiplexed across the allocated PRB-pairs for E-PDCCH for localized and distributed transmission respectively. 
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Figure 1: Multiplexing DCI messages in localised transmission 
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Figure 2: Multiplexing DCI messages in distributed transmission 

UE blindly decodes DCIs by searching across its UE specific search space. It should be noted that UE needs to be notified PRB-pair allocations and DM-RS antenna ports. There should be also some restrictions on the search space to reduce the blind decoding attempts. These details are FFS.  
2.2.1 DCI mapping to RE

In the last meeting, RAN1 agreed that there is no support for PDSCH multiplexing with E-PDCCH within a PRB-pair. This means it is not really necessary to physically define E-PDCCH or E-CCE region within a PRB-pair. UE only needs to know which REs to use for blind decoding of DCI messages. Nevertheless, defining E-CCE region is useful in case of distributed E-PDCCH transmission. While there are many possibilities to define E-CCE region within a PRB-pair, the following three mapping options were considered by many contributions in last meeting.
· Option-1: Pure FDM

· Option-2: FDM/TDM

· Option-3: Distributed

Since E-PDCCH multiplexing with PDSCH is based on pure FDM manner, there are no significant benefits with Option 2 (FDM/TDM) mapping. Option-1 (pure FDM) approach is simple and well suited with interleaving. Option-3 (distributed) could provide performance benefits, but such performance befits might be marginal if interleaving is defined for the E-PDCCH.  Therefore, we propose to consider pure FDM (Option-1) mapping as shown in Figure 3 for defining E-CCE resources elements. 

Proposal 3: We proposed to consider pure FDM approach for defining resources elements for E-CCE. That means DCI multiplexing shall be based pure FDM manner.
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Figure 3: Enhanced Control Channel Element (E-CCE)
3 Conclusion

We presented our views on multiplexing of different DCI messages for E-PDCCH in this contribution, and we propose the following for further discussion and consideration in RAN1: 
Proposal 1: DCI multiplexing is based on Enhanced control channel element (E-CCE).

Proposal 2: E-CCE is defined as the minimum unit for assigning the DCI for E-PDCCH, and it consists REs from a PRB- pair. 
· One or more than one E-CCEs can be mapped into a  PRB-pair.
· More than one E-CCE size is defined, and one size is equal to that of legacy CCE size (36 REs).  Other E-CCE sizes are FFS.
· E-CCE size could vary from sub-frame to sub-frame. 
· No signaling support required to notify E-CCE size to UE.  
Proposal 3: We proposed to consider pure FDM approach for defining resources elements for E-CCE. That means DCI multiplexing shall be based pure FDM manner.
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