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1. Introduction

In RAN1#68 meeting, many contributions had been discussed about multiplexing of different DCI messages. Depending on the configuration of legacy PDCCH symbols, CRS ports, CSI-RS ports and DMRS ports, the available RE resources for transmission of E-PDCCH varies widely within a PRB pair.
In this paper, we discuss the available RE resources within a PRB pair for E-PDCCH transmission and provide our view on how to maximally utilize it.

2. Discussion
The possible CSI-RS patterns are shown in the figure 1. With 3 OFDM symbols of legacy PDCCH and 4 ports DMRS there are not many REs in a PRB pair available for transmission of E-PDCCH. With different configurations of number of legacy PDCCH OFDM symbols, number of non-zero-power CSI-RS and zero-power CSI-RS patterns and number of DMRS ports, the available RE resources varies widely in a PRB pair.
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(a) Applicable only for FS2
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(b) Applicable for both FS1 and FS2
Figure 1  CSI-RS patterns in a PRB pair
Unlike PDSCH, there is no HARQ mechanism for E-PDCCH transmission so the E-PDCCH should be mapped around all RE resources occupied by legacy PDCCH, non-zero-power and zero-power CSI-RS, and DMRS ports. It means that the RE resources available within a PRB pair for E-PDCCH transmission varies from subframe to subframe. For efficient transmission of E-PDCCH, the available RE resources within a PRB pair should be utilized as much as possible. For if the basic unit of E-PDCCH is E-CCE; the number and/or size of E-CCEs within a PRB pair varies with number of available RE resources. For if the basic unit of E-PDCCH is E-REG; the number of E-REGs within a PRB pair also varies.  An UE can determine the RE resources used for E-PDCCH transmission taking into account the overhead of legacy PDCCH symbols configured, configured non-zero-power and zero-power CSI-RS and configured DMRS ports, thus the mapping of E-CCE or E-REG should be such that the UE can autonomously determine the exactly utilized REs within a PRB pair and E-PDCCH mapping.
The variation in available resources within a PRB pair for E-PDCCH transmission should be taken into account while designing the basic unit of E-PDCCH and the number of basic units which can be mapped within a PRB pair is variable according the available RE resources for E-PDCCH transmission in order to maximize the resource utilization.
3. Conclusions

In this contribution, we discuss the available RE resources within a PRB pair for E-PDCCH transmission with the following proposals:
Proposal 1: The UE can autonomously determine the RE resources within a PRB pair where E-PDCCH is mapped.

Proposal 2: The number and/or size of E-CCE can be different according to available RE resources.
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