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1. Introduction
It has been agreed that localized and distributed ePDCCH allocation is supported where in the distributed allocation, an ePDCCH use multiple PRB pairs spaced sufficiently far apart in frequency to achieve frequency diversity for the encoded DCI message. Since a PRB pair can support multiple eCCEs, the question is whether the two ePDCCH types can co-exist in the same PRB pair.

The drawback of having localized and distributed ePDCCH allocation types to be separated in different PRB pairs is that two separate sets of PRB pairs needs to be configured. This implies more ePDCCH overhead, more difficult to perform frequency domain ICIC and an increased number of required channel estimates for the UE. There is also a problem of efficiency at low scheduling load since a single ePDCCH transmission with distributed allocation will block multiple PRB pairs for any other use. To resolve this problem, the use of an enhanced PCFICH has been discussed [1] If the two types can be multiplexed in the same PRB pair, then unused resources in PRB pairs can be used for an ePDCCH transmission of localized type. Having the possibility to multiplex the two types in the same PRB pair still leaves the option to keep them in separate PRB pairs, if the network decides that this is beneficial in some scenarios. The search space may also be designed so that in some PRB pairs there is multiplexing between the two types and in others only localized transmission is used (c.f common vs. UE specific search spaces). 

2. The antenna port issue

The antenna port association and the size of the eREG need to be addressed if multiplexing the two types is supported. In fact, the localized and distributed allocation is a search space definition issue. If one looks into a single PRB pair, the issue becomes how to do the antenna port association to support both UE specific precoding for some ePDCCH transmissions simultaneously as diversity transmission for some other ePDCCH transmissions, in the same PRB pair. 
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Figure 1 Association between eREG and AP with multiplexing of UE specific precoding (blue) and diversity transmission (red) in the same PRB pair using all 4 antenna ports. For AL=2 (using 4 eREGs), the AP is chosen between AP 9 and AP 10 based on the C-RNTI. 

An example how this can be achieved assuming 8 eREG per PRB pair is given in Figure 1. As there are 8 eREG, each pair of two eREG equals one eCCE. The leftmost figure shows pure diversity transmission, giving dual antenna diversity per eCCE. In the middle figure, the second eCCE use UE specific precoding by AP 8 and this AP is also used by eREG 2, in a diversity transmission together with AP7, for the first eCCE. The eNB thus follows the CSI feedback to select the precoding of AP 8 and then likely choose the precoding vector for AP 7 to be orthogonal to AP 8, thereby providing diversity for the first eCCE, similar to per eREG precoder cycling. The rightmost figure in Figure 1 shows the case when two UE specific precoded ePDCCH are multiplexed together with a diversity transmission. 
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Figure 2 Association between eREG and AP with multiplexing of UE specific precoding (blue) and diversity transmission (red) in the same PRB pair using only 2 antenna ports. 
Figure 2 shows the associations in the case where 2 AP per PRB pair is utilized which gives better channel estimation performance compared to the case when all 4 AP are used as in Figure 1, but it is only possible to multiplex one UE specific precoded ePDCCH in the PRB pair. 
3. Conclusion

Based on the discussion in this contribution, we propose that

· ePDCCH parts with localized and distributed allocations can be multiplexed in the same PRB pair
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