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1
Introduction
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (e-PDCCH) will be introduced in Rel-11. In this contribution, we share our views on multiplexing of different DCI messages for e-PDCCH. 
2
Discussion
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (e-PDCCH) will be introduced in Rel-11, based on considerations from CA enhancement new carrier type, CoMP and DL MIMO. In particular, the e-PDCCH should be:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics of e-PDCCH also include the ability to be scheduled frequency-selectively, and the ability to mitigate inter-cell interference.

In Rel-8/9/10, a UE needs to monitor a common search space and a UE-specific search space in the legacy control region. Each search space consists of a certain number of PDCCH decoding candidates for a UE. Further, each search space is a function of an aggregation level, where each aggregation level N has N CCEs. Each CCE consists of 9 resource element groups (REGs) and each REG consists of four resource elements (REs).  The mapping of CCE and REGs are fully distributed across the entire system bandwidth. Each RB may contain a fraction of PDCCH for multiple UEs.
In Rel-10, R-PDCCH is supported in the backhaul for half-duplex relay nodes (RNs). Two multiplexing modes are supported:
· Interleaving based, where the same REG concept as in Rel-8 is used, and each RB may contain a fraction of PDCCH for multiple UEs

· Non-interleaving based, where each RB in a slot only contains one UE. 

The former mode provides robust R-PDCCH operation due to large frequency diversity level, while the latter facilitates the exploitation of beamforming gain, and the multiplexing of R-PDCCH and the scheduled PDSCH.
For the e-PDCCH design, due to various channel conditions experienced by different UEs, it also become necessary to support both beamforming and transmit diversity based transmission schemes for e-PDCCH. Obviously, how to multiplex different DCI messages heavily depends on the e-PDCCH structure [1]. Without going into the details, the possible structure for e-PDCCH can be generally grouped into two categories:

· TDM

· FDM

For TDM based e-PDCCH, the resource granularity for e-PDCCH is reasonable – the amount of available resource elements for e-PDCCH in one slot in one RB is comparable to (or fairly larger than) the CCE size (36 resource elements) for legacy PDCCH.  It is reasonable to re-use the same design as R-PDCCH. That is, the RB-based multiplexing of e-PDCCH can be supported.

For FDM based e-PDCCH, since one e-PDCCH spans the entire subframe, the number of available resource elements for e-PDCCH is roughly around 100 if the entire RB is dedicated to a UE. This minimum resource unit is rather coarse, defeating the purpose of more efficient downlink control operation using e-PDCCH. It is thus necessary to share the PRB pair among several UEs, e.g., in an FDM manner. To be more specific, each PRB pair may contain two or more control channel elements (CCEs), each of a similar size as that of legacy CCE (36 REs). The two or more CCEs in the same PRB pair can be used for the same UE within the same aggregation level or different UEs. For each aggregation level of a UE, the CCEs should be localized to a same PRB pair as much as possible. This sub-RB multiplexing of e-PDCCH makes it possible to still exploit beamforming gain, while achieving necessary DL control overhead efficiency.

For both TDM and FDM based e-PDCCH, the REG-based interleaving e-PDCCH should still be supported. It is noted that the REG-based interleaving is also related to the discussion of reference signal design for e-PDCCH [2].
3
Conclusions 

In this contribution, we discussed multiplexing of different DCI messages. In particular, we propose that:

· For TDM based e-PDCCH, the same Rel-10 RB based multiplexing of R-PDCCH can be supported for e-PDCCH.
· For FDM based e-PDCCH, sub-RB based multiplexing can be supported, where each RB contains two or more CCEs for the same or different UEs. Each CCE has a size comparable to that of the legacy CCE (36 REs), and the two or more CCEs in the same PRB pair share the resource in an FDM manner.
· For both TDM and FDM based e-PDCCH, REG based interleaving can be supported. It is noted that this topic is also related to the discussion of reference signal design for e-PDCCH [2].
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