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1. Introduction
It was agreed in RAN1#67 that both localized and distributed transmission of the enhanced control channel are supported. There have been some discussions on how to support the two different ePDCCH transmission methods, but no consensus was reached so far. As distributed transmission of ePDCCH involves transmission of a DCI message in more than one PRB-pair at least in some lower aggregation levels [1], the localized and distributed transmissions of ePDCCH is strongly related to the ePDCCH search space design that defines “which REs are used for each ePDCCH candidate.”
This contribution provides some discussion on the need of multiplexing of localized and distributed ePDCCH parts in same PRBs.
2. ePDCCH transmission methods [2]
Throughout this contribution, it is assumed that an ePDCCH is transmitted on an enhanced CCE (eCCE) or an aggregation of multiple eCCEs where eCCE is the basic unit of ePDCCH search space construction. It is desirable to make eCCE similar to the legacy CCE (e.g., eCCE size is around 36 REs) in order to inherit the design of legacy PDCCH but, as discussed in [2], it should have some unique properties (e.g., eCCE size is variable depending on the subframe structure) to operate properly. 
From the viewpoint of transmitting ePDCCH in the frequency domain, two different types of eCCE can be considered; one is the Localized eCCE (L-CCE) where an eCCE consists of REs originating from only one PRB pair and the other is the Distributed eCCE (D-CCE) where an eCCE are spread over two or more PRB pairs. Figure 1 illustrates these two eCCE types under the assumption that 4 eCCEs are defined within a PRB pair and two PRB pairs are involved for the definition of a D-CCE (see Figure 1). 
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Figure 1. An illustration of localized eCCEs and distributed eCCEs in difference PRB pairs
3. Multiplexing of L-CCE and D-CCE 
According to above definition, L-CCE and D-CCE could be multiplexed in the same PRB pair or could be placed in different PRB pair by eNB scheduler as shown in Figure 2. 
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Figure 2. Multiplexing possibility of L-CCE and D-CCE in some PRB pairs

Different design criteria for L-CCE and D-CCE:
First of all, each type of CCE design criteria may be different. L-CCE design target will be UE-dedicated beamforming (e.g. closed-loop MIMO) while D-CCE design will be targeted to distributed transmission with spatial diversity (e.g. SFBC, random beamforming). If SFBC is implemented via D-CCE, further things such as SFBC RE pairing and RE grouping for a D-CCE should be taken into account in D-CCE design. On the other hand, it doesn’t need to consider additional effort to support such a SFBC pairing at least in L-CCE design in a PRB pair. So, final partitioning results for L or D-CCE will be different because of CCE type dependent optimization. If both CCE types should be multiplexed in a PRB pair, it is evident that optimization of both CCE types will be compromised, i.e. at least one of them will be less optimized. In this regard, it would be a better approach to place different CCE types in different PRB pair (each CCE type based optimization in each PRB pair). 
Antenna port mapping:

As discussed in [2], it is difficult to apply UE-dedicated beamforming for D-CCE due to the lack of orthogonal antenna ports. For example, if one PRB pair has available REs enough to make four CCEs as in Figure 2, one PRB pair should be divided into more than four parts to accommodate the parts of multiple D-CCEs (e.g. 8 parts for D-CCEs). In the example of Figure 2, one PRB pair is divided into 8 parts (under the assumption that only D-CCEs are defined), each of which corresponds to the half of one D-CCE that are made out of one PRB pair. As the current agreement is that four orthogonal antenna ports can be used for ePDCCH transmission, it is not possible to apply beamforming which is dedicated to each D-CCE. From this observation, it is not proper to consider a beamforming-type transmission scheme by means of D-CCE and some spatial diversity scheme should be applied to D-CCE as discussed in [3]. In general, multiple UEs can share the same antenna ports if they are using spatial diversity scheme, so it is beneficial to boost the transmission power of those shared RS to improve the channel estimation. If L-CCE, to which dedicated beamforming is applied without RS power boosting, there exists some power imbalance between two RS ports in the same CDM group which may lead to inter-port interference. This issue may be avoided by assigning different CDM group for D-CCE and L-CCE in the same PRB pair, but it sacrifices the flexibility of multiplexing the two eCCE types which is the main motivation of considering such multiplexing.
Search space configuration signaling:
Another issue is how to indicate search space configuration to UE in the PRB pairs consisting of mixed type of CCEs. UE should know which CCE belongs to its monitoring CCE(s) within PRB pairs configured for its search space. Usually UE knows it by depending CCE index given by hash function in PDCCH or RRC signaling in R-PDCCH. If L-CCE and D-CCE indexing are independently defined, eNB may need to signal L-CCE/D-CCE index for search space configuration individually in order for UE to know the exact monitoring CCE set (search space) by clearly distinguishing L-CCE with D-CCE in each PRB pair. Of course implicit rule can be applied to indicate UE search space, but it may leads to scheduling or multiplexing restriction or increase complexity. Even though detailed solutions on this issue are FFS, but it seems to be obvious that additional/special handling for indicating UE’s search space is required compared to the case of no multiplexing L-CCE with D-CCE in a PRB pair.

On the other hand, distributed ePDCCH transmission is also possible based on L-CCE [2]. As the above mentioned issues are raised the difference of the physical layer properties of L-CCE and D-CCE, there is no difficulty in multiplexing distributed and localized transmissions in a PRB pair as long as both are based on a common CCE type, L-CCE. As the two transmission methods can be enabled by a proper ePDCCH search space configuration and each of them has its own use case with regard to the CSI type available at the eNB, it is proposed to support multiplexing localized and distributed ePDCCH transmission in a PRB pair based on L-CCE in order to achieve the multiplexing gain.

4. Conclusion
L-CCE and DCCE multiplexing issues in a PRB pair was discussed shortly. We propose the following:

· Proposal 1: If distributed CCE is defined, multiplexing of localized CCE and distributed CCE in the same PRB pair should not be supported in ePDCCH transmission. 
· Proposal 2: Multiplexing localized and distributed ePDCCH transmission in a PRB pair is supported if the localized eCCE type is used for the two cases.
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