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1
Introduction
In Rel-11, both localized and distributed ePDCCH can be supported. In this contribution, we discuss the issue of eREG and eCCE definitions for ePDCCH in Rel-11.
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. Both localized and distributed ePDCCH can be supported.
However, it remains an open issue on define the resource construction unit(s) for localized and distributed ePDCCH in Rel-11.

Generally speaking, there are three possible alternatives:

· Alt 1: using an eREG definition for both localized and distributed ePDCCH
· Alt 2: using an eCCE definition for both localized and distributed ePDCCH
· Alt 3: using an eREG definition for distributed ePDCCH and an eCCE definition for localized ePDCCH

The first two alternatives may optimize the definition for one of the ePDCCH transmission modes (distributed or localized), but may lead to compromised ePDCCH performance for the other ePDCCH transmission mode. However, these two alternatives, especially Alt 2, make it a bit easier to multiplex localized and distributed ePDCCH in the same PRB pair.
The third alternative targets individual performance optimization for each of the ePDCCH transmission mode. For localized ePDCCH, eCCE based definition makes it possible to better exploit channel state information, while for distributed ePDCCH, eREG based definition makes it possible to better exploit frequency diversity. 
As discussed in [1], under Alt 3, it is also possible to multiplex localize and distributed ePDCCH in the same PRB pair. As a result, Alt 3 is preferred.
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:

· Option 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

· Option 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

Option 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, Option 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 distributed ePDCCH, the mini-CCE based (not necessarily the same as REG) interleaving e-PDCCH should still be supported for diversity based transmission. 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. This would allow multiplexing of localized ePDCCH and distributed ePDCCH in the same PRB pair.
3
Conclusions 

In this contribution, we discussed the issue of eREG and eCCE definitions for ePDCCH. The following is proposed:
· Adopt eCCE based resource construction for localized ePDCCH, and eREG based on resource construction for distributed ePDCCH. 

· 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

· Each eCCE may contain a few eREGs. 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, in order to facilitate multiplexing of localized ePDCCH and distributed ePDCCH in the same PRB pair
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