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1
Introduction
In Rel-11, both localized and distributed ePDCCH is supported. In RAN1#69, additional progress was made regarding resource definition and mapping for ePDCCH. In this contribution, we discuss some remaining details of RE mapping for ePDCCH.
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. 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.

In RAN1#69, it was agreed that for localized transmission, an eCCE is transmitted in one PRB-pair 

· FFS whether an eCCE for localized transmission is formed by grouping multiple eREGs

· The number of eCCEs within a PRB pair in a normal subframe is FFS between:

· 2 or 4 depending on overhead of other signals, and 

· 3 or 4 depending on overhead of other signals, and 

· 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS

· The number of eCCEs in a PRB pair in a special subframe is FFS from 1 or 2 of {2,3,4} (FFS)

· FFS whether different special subframe configurations can have different value(s) 

Further, it was agreed that at least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16, 24 or 36} (FFS, revisit on Wed to narrow down – revisit at RAN1#70) equal-sized non-overlapping resource element groups (eREG):
· Detailed design of the eREG mappings are FFS

· An eCCE is formed by grouping of multiple eREGs 

· An eCCE groups eREGs located in multiple PRB-pairs

Legacy PDCCH is fully distributed, based on construction units of REG, each of 4 REs, and CCE, each of 9 REGs or 36 REs. To ensure reasonable ePDCCH performance, it is important to have comparable sizes between eCCE with CCE. Note that, however, due to the presence of other signals (CRS, DM-RS, CSI-RS, legacy control, etc.), it is in general difficult to maintain a fixed eCCE size for all cases. 
For normal CP, and assuming 24 DM-RS REs and minimal presence of other signals, the number of total number of REs for ePDCCH in a PRB pair can be computed as:
· 14 (symbols/subframe) x 12 (tones/RB) – 24 (DM-RS) – 12 (one control symbol) – 3x2 (CRS port 0 in the data region) = 126 REs

In this case, it seems reasonable to assume 4 eCCEs in one PRB pairs, resulting in roughly 31-32 REs per eCCE.
On the other hand, assuming maximum presence of other signals, the number of total number of REs for ePDCCH in a PRB pair can be computed as:

· 14 (symbols/subframe) x 12 (tones/RB) – 24 (DM-RS) – 36 (three control symbols) – 4x4 (CRS ports 0-3 in the data region) – 40 (CSI-RS REs) = 52 REs

In this extreme case, at most 2 eCCEs in one PRB pairs may be assumed, resulting in about 26 REs per eCCE. 
As a result, the number of eCCEs within a PRB pair in a normal subframe can be either 2 or 4, depending on the presence of other signals. In addition, for simplicity and reusing the same set of aggregation levels of PDCCH for ePDCCH, the definition of eCCE should exclude the presence of other signals.
Hence,  we propose:
· Proposal 1: The number of eCCEs within a PRB pair in a normal subframe is either 2 or 4, depending on the presence of other signals. The definition of eCCE excludes the presence of other signals.

Also, since the presence of other signals are generally wide-band (except for, e.g., PSS/SSS/PBCH), it is reasonable to keep the same number of eCCEs per PRB pair for all PRBs in a given subframe

· Proposal 2: Within a given subframe, the number of eCCEs per PRB pair is the same for all PRBs.

The split of the resource elements for the N eCCEs within a PRB pair can follow the order of “frequency-first, time-second”. In addition, the multiplexing of the N eCCEs within the PRB pair can be in an interleaved manner or a block-wise multiplexing can be specified. For instance, consider N=4, and 12 REs available for ePDCCH in a symbol, we may have (assuming no other signals):
· Option 1 (interleaved): tones {0, 4, 8} for eCCE1, {1, 5, 9} for eCCE2, {2, 6, 10} for eCCE3, and {3, 7, 11} for eCCE4
· Option 2 (block-wise): tones {0, 1, 2 } for eCCE1, {3, 4, 5} for eCCE2, {6, 7, 8} for eCCE3, and {9, 10, 11} for eCCE4
Option 1 may lead to a more even number of available of REs for each eCCE. This is due to the fact that the availability of REs for ePDCCH 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 ePDCCH transmissions. 
· Proposal 3: The eCCEs in a PRB pair should follow an interleaved manner for more balanced eCCE sizes within the PRB pair and improved randomized inter-cell interference.

The N eCCEs 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 eCCEs should be localized to a same PRB pair as much as possible. This sub-RB multiplexing of ePDCCH makes it possible to still exploit beamforming gain, while achieving necessary DL control overhead efficiency.

For distributed ePDCCH, each PRB pair contains a number of eREGs. In order to allow multiplexing of localized ePDCCH and distributed ePDCCH in the same PRB pair, the resource allocation unit for ePDCCH can be smaller than the PRB pair unit, e.g., based on a size of equivalent to eCCE [1]. It is preferable to group the REs for a REG into a small number of symbols as much as possible. In addition, it is also important to design eREG to ensure a sufficient level of frequency diversity for distributed ePDCCH transmissions. Among the list of {8,12,16, 24 or 36} eREGs, 24 seems preferable.
· Proposal 4: The number of eREGs in a PRB pair can be 24 (6 REs/eREG), if the entire PRB pair is allocated for distributed ePDCCH transmissions.

Lastly, it remains an open issue on whether ePDCCH can be transmitted in a PRB pair in which PBCH/PSS/SSS are transmitted, especially considering the collision between DM-RS for ePDCCH with PSS/SSS in the last two symbols of the first slot. Although punctured DM-RS pattern is possible, additional implementation complexity and performance impact are inevitable. Note that in the case of PDSCH, the UE is not expected to decode DM-RS based PDSCH when it collides with PBCH/PSS/SSS in the same PRB pair. Therefore, similarly, for simplicity, ePDCCH should not be allowed in the same PRB pair as PSS/SSS/PBCH as well. The impact of prohibiting ePDCCH from transmitting in PRBs occupying by PBCH/PSS/SSS is expected to be small, especially given that the presence of PBCH/PSS/SSS is narrowband and it occurs only once every 5 subframes.
· Proposal 5: The UE is not expected to receive ePDCCH colliding with PBCH/PSS/SSS in the same PRB pair.

3
Conclusions 

In this contribution, we discussed some remaining issues for ePDCCH RE mapping. The following is proposed:
· Proposal 1: The number of eCCEs within a PRB pair in a normal subframe is either 2 or 4, depending on the presence of other signals. The definition of eCCE excludes the presence of other signals.

· Proposal 2: Within a given subframe, the number of eCCEs per PRB pair is the same for all PRBs.

· Proposal 3: The eCCEs in a PRB pair should follow an interleaved manner for more balanced eCCE sizes within the PRB pair and improved randomized inter-cell interference.

· Proposal 4: The number of eREGs in a PRB pair can be 24 (6 REs/eREG), if the entire PRB pair is allocated for distributed ePDCCH transmissions.

· Proposal 5: The UE is not expected to receive ePDCCH colliding with PBCH/PSS/SSS in the same PRB pair.
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