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1
Introduction
In RAN1#68, it was agreed that FDM based e-PDCCH is supported subject to certain limitations. In this contribution, we provide our views on multiplexing 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 (ePDCCH) will be introduced in Rel-11. In RAN#67, it was agreed that for e-PDCCH:

· Both localised and distributed transmissions of the enhanced control channel are supported.

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

In RAN1#68, FDM based e-PDCCH was agreed subject to certain conditions:
· E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))

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 diversity based transmission schemes for e-PDCCH, as already agreed in RAN1#67. 

For FDM based e-PDCCH, as agreed in RAN1#68, 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 (denoted as N) control channel elements (CCEs) (enhanced CCE, or e-CCE), each of a similar size as that of legacy CCE (36 REs). The N e-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 e-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.

The split of the resource elements for the N e-CCEs within the RB can follow the order of “frequency-first, time-second”. In addition, the multiplexing of the N e-CCEs within the RB can be in an interleaved manner or a block-wise multiplexing can be specified. For instance, consider N=3, and 12 REs available for e-PDCCH in a symbol, we may have:

· Alt 1 (interleaved): tones {0, 3, 6, 9} for e-CCE1, {1, 4, 7, 10} for e-CCE2, and {2, 5, 8, 11} for e-CCE3

· Alt 2 (block-wise): tones {0, 1, 2, 3} for e-CCE1, {4, 5, 6, 7} for e-CCE2, and {8, 9, 10, 11} for e-CCE3

Alt 1 may lead to a more even number of available of REs for each e-CCE. This is due to the fact that the availability of REs for e-PDCCH depends on the presence (or absence) of many type of reference signals (CRS, CSI-RS, DM-RS, etc.), which may have different repetition patterns in a RB and the repetition factor(s) can be different from N.  In addition, Alt 1, being more frequency-distributed within the PRB pair may lead to improved interference randomization especially for low aggregation level e-PDCCH transmissions. 
Note also that since the presence of CSI-RS is subframe-dependent, and there can be many REs (e.g., up to 40 REs in FDD) reserved for CSI-RS related operations in a CSI-RS subframe. It may become necessary to specify a different number of N e-CCEs for a CSI-RS subframe and a non-CSI-RS subframe. However, within a subframe, the number of e-CCEs per PRB pair should be the same.
For both TDM and FDM based e-PDCCH, the mini-CCE based (not necessarily the same as REG) interleaving e-PDCCH should still be supported for diversity based transmission. It is noted that mini-CCE-based interleaving is also related to the discussion of reference signal design for e-PDCCH [2]. Each e-CCE within an RB could contain a few mini-CCEs. A CCE for diversity based e-PDCCH may contain mini-CCEs spanning different RBs in order to exploit the necessary diversity gain. Within each RB, some e-CCE(s) in the RB may be allocated for localized transmissions, while some other e-CCE(s) in the same RB may be allocated for diversity based transmissions. 
3
Conclusions 

In this contribution, we shared our views on multiplexing different DCI messages for e-PDCCH. In particular, we propose:

· The e-CCEs in a PRB pair should follow an interleaved manner for more balanced e-CCE sizes within the PRB pair and improved randomized inter-cell interference.
· The number of e-CCEs per PRB pair may vary over subframes based on the resource availability to e-PDCCH, but should be the same across different PRB pairs within a subframe.
· Mini-CCE based on interleaving should be supported for diversity based e-PDCCH.
· It should be possible to multiplex localized e-PDCCH and distributed e-PDCCH in the same PRB pair. 
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