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1. Introduction

One important aspect in the design of an enhanced control channel for Release 11 is the question if the search spaces for localized and distributed ePDCCH candidates should be in disjoint sets of physical resource blocks. In other words, when the network configures resources for distributed and localized ePDCCH transmissions, or, alternatively, when RAN1 specifies search spaces for localized and distributed ePDCCH candidates, should these sets/ spaces be allowed to share one or more PRBs?
While the answer to this question highly depends on the search space design and how resources are grouped into eCCEs—or even eREGs—we will try to give general design guidelines together with our preferences.

2. Design considerations for the enhanced control channel
In the legacy control channel from Release 8, search spaces are defined in terms of control channel elements (CCEs) and aggregation levels (ALs). More precisely, for each aggregation level a set of PDCCH candidates can be determined and a hashing function was introduced to minimize blocking among different UE-specific search spaces in subsequent sub-frames. In addition, control channel elements are sub-divided into resource element groups (REGs) to facilitate REG-based interleaving. The enhanced control channel in Release 11 could follow a similar design.
Assuming that the ePDCCH design follows the same principle of partitioning the time-frequency resources reserved for ePDCCH transmissions into smaller sub-sets, namely, eCCEs and/or eREGs, there are several alternatives regarding the relation between eCCEs/eREGs and PRBs. 
Alternative 1:
An eCCE consists of eREGs irrespectively of whether it belongs to a localized or distributed ePDCCH candidate.
For instance, an eREG could be defined as one OFDM sub-carrier. For a localized eCCE, all eREGs in the eCCE need to be in the same PRB. Note, however, that the eREGs need not necessarily be adjacent but could be permuted within that PRB. For a distributed eCCE, the eREGs could be distributed within one or across multiple PRBs to harness frequency diversity. The benefit of such a design is that the building blocks of an eCCE is identical for localized and distributed transmissions, e.g., one eCCE equals three eREGs. The only difference is how the eREGs are spread in frequency.

Alternative 2:
Only eCCEs of distributed ePDCCH candidates consist of eREGs and the concept of eREGs is not defined for localized transmission. 
For instance, a localized eCCE could be a quadrant of REs in a PRB (6 sub-carriers x 7 OFDM symbols) or a set of four adjacent OFDM sub-carriers in the same physical resource block. A localized eCCE would not be sub-divided into a smaller unit.

The similarity of both alternative 1 and alternative 2 is that an eREG—if defined—is always confined to one PRB, i.e., it cannot span multiple PRBs. Interleaving is still possible, both within a PRB (localized transmission) or across PRBs (distributed transmission).

Alternative 3:
eREGs are neither defined for localized nor distributed transmissions. 
Accordingly, eCCEs are the smallest resource unit for ePDCCH transmissions. Due to the atomic nature of an eCCE in this alternative, frequency diversity for aggregation level one is not possible. For larger aggregation levels, e.g., AL ϵ {2,4,8}, the diversity order cannot exceed the aggregation level of the ePDCCH candidate. This is obviously a limiting design choice.
Alternative 4:
The design of the legacy control channel is re-used to the utmost extent.  
In Release 10, following rate-matching, all PDCCHs are concatenated so that the length of the concatenated sequence, viz.,
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equals the number of available CCEs in that sub-frame which is given as:
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NREG is the number of resource element groups not assigned to PCFICH or PHICH. 
For the Release 11 ePDCCH, PRBs within a set ΩD allocated to ePDCCHs with distributed transmission could always be considered to be adjacent in the logical domain—a concept commonly referred to as virtual resource blocks (VRBs)—to resemble the legacy control channel which spans the entire system bandwidth. The PDCCHs corresponding to all users are concatenated as per the procedure described above except that the number of available CCEs in that sub-frame is:
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 equals the number of available resource elements for the transmission of control information in the corresponding i-th PRB. If ePDCCHs are rate-matched around UE-specific reference symbols—ignoring any technical ramifications at this point—and if the same frequency-first mapping as for the legacy control channel is employed, it could happen that the number of available REs in one OFDM symbol is not a multiple of the number of REs in one eREG and consequently, eREGs may span two (logically adjacent) PRBs.

3. Conclusion

For the above four alternatives, our preferences are as follows:

Proposal:
At least for the distributed case, eREGs should be defined to allow for frequency diversity with aggregation level one. eREG-based interleaving could be further studied.
Proposal:
If an eCCE always comprises of eREGs irrespective of the transmission mode the definition of an eREG should be the same for both localized and distributed transmission. 

Observation:
Not to allow multiplexing of localized and distributed ePDCCHs in one PRB simplifies the search space design and minimizes the likelihood of blocking.

Proposal:
If it is agreed to multiplex localized and distributed ePDCCHs in one PRB, an eREG shall not be allowed to span more than one PRB.
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