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1 Introduction
At the RAN1#69 meeting, the following regarding ePDCCH was agreed.
· 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 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

In this contribution, we focus on the mapping of distributed ePDCCH to eREG and present our views. 
2 Definition of eREG
At the RAN1#67 meeting, the following agreement on antenna ports for ePDCCH transmission was reached.
· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel
· Antenna ports 7-10 is/are used
Moreover, at the RAN1#69 meeting, the following agreement on localized transmission was reached.

· In localized allocation, each eCCE index is associated by specification with one antenna port

Based on the above agreements, the PRB pair is assumed to be divided into 4 equal-sized eCCEs for localized ePDCCH transmission (called “localized eCCE” in the remainder of this contribution). Each of them is associated by specification with one antenna port among antenna ports 7, 8, 9 and 10. The definition of localized eCCE is shown in Fig. 1.

When the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are assumed to be divided into one of {8, 12, 16, 24 or 36} equal-sized non-overlapping resource element groups (eREG), each eREG then has {18, 12, 9, 6, 4} REs, respectively. In this contribution, 4 eREGs are assumed to be defined in each localized eCCE, meaning that a PRB pair is divided into 16 equal-sized non-overlapping eREGs and the nominal size of an eREG is 9 REs. REs comprising an eREG are assumed to be taken one by one depending firstly on the OFDM symbol index increment and secondly on the subcarrier index decrement.
3 Mapping of distributed ePDCCH to eREG
Distributed ePDCCH transmission is assumed to be based on “distributed eCCE,” which is defined as a group of multiple eREGs (e.g., 4 eREGs shown in Fig. 2) in different PRB pairs and is of an identical size to localized eCCE. In this section, we discuss how to comprise distributed eCCEs based on eREG, i.e., the mapping of distributed ePDCCH to eREG.
In order to maintain the same actual number of REs in distributed eCCE as that in localized eCCE, distributed ePDCCH is always assumed to be mapped to a different eREG index in localized eCCE. For example, as shown in Fig. 2 (a), a distributed eCCE is mapped to eREG #1, #2, #3 and #4, which are located at localized eCCE #1 of different PRB pairs.
Therefore, the mapping scheme of distributed ePDCCH to eREG depends on whether a distributed ePDCCH transmission is mapped to the same localized eCCE of all PRB pairs or not. If a distributed ePDCCH transmission is mapped to the same localized eCCE of all PRB pairs, it is called intra-localized eCCE mapping; otherwise, it is called cross-localized eCCE mapping. Due to the existence of legacy PDCCH, localized eCCEs allocated to the 2nd slot always have a greater actual number of REs than that of localized eCCEs allocated to the 1st slot. Therefore, intra-localized eCCE mapping can be divided into two types: 1st slot intra-localized eCCE mapping and 2nd slot intra-localized eCCE mapping. 
Examples of 1st slot intra-localized eCCE mapping, 2nd slot intra-localized eCCE mapping and cross-localized eCCE mapping for aggregation level 1 are shown in Fig. 2. In Fig. 2, 4 PRB pairs are reserved as ePDCCH potential regions. With 1st slot intra-localized eCCE mapping, a distributed eCCE is mapped to a different eREG index only in localized eCCE #1 or #2, whereas with 2nd slot intra-localized eCCE mapping, a distributed eCCE is mapped to a different eREG index only in localized eCCE #3 or #4. On the other hand, with cross-localized eCCE mapping, a distributed eCCE is mapped to different eREGs in different localized eCCEs. Similar to Fig. 2, three mapping schemes for aggregation level 2, 4 and 8 can also be easily made. Here, aggregation level 1, 2, 4, and 8 indicate that 1 distributed eCCE (i.e., 36 nominal REs), 2 distributed eCCEs (i.e., 72 nominal REs), 4 distributed eCCEs (i.e., 144 nominal REs) and 8 distributed eCCEs (i.e., 288 nominal REs) are used for distributed ePDCCH transmission. It is clear that the performance difference among different mapping schemes becomes smaller as the aggregation level becomes larger. Therefore, this contribution focuses on the influence of the three mapping schemes on the performance of distributed ePDCCH transmission of aggregation level 1.
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Fig. 1. Definition of localized eCCE and eREG
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Fig. 2. Examples of resource mapping for aggregation level 1
Figure 3 shows BLER performances versus the average received SNR of the three mapping schemes. Details of the simulation assumptions are shown in the appendix. It is demonstrated that 1st slot intra-localized eCCE mapping has the worst performance among the three mapping schemes. Compared to 2nd slot intra-localized eCCE mapping, the required SNR for BLER of 1% for 1st slot intra-localized eCCE mapping degrades by 2 dB. This is because the actual number of REs in 1st slot intra-localized eCCE mapping is smaller than that in 2nd slot intra-localized eCCE mapping. Therefore, for distributed ePDCCH transmission of aggregation level 1, 1st slot intra-localized eCCE mapping should not be selected.
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Fig. 3. BLER versus average received SNR
Proposal 1: For distributed ePDCCH transmission of aggregation level 1, 1st slot intra-localized eCCE mapping should not be selected.
Although 2nd slot intra-localized eCCE mapping has better BLER performance than that of cross-localized eCCE mapping, the available number of distributed eCCEs with 2nd slot intra-localized eCCE mapping is only half that with cross-localized eCCE mapping. If 2nd slot intra-localized eCCE mapping is selected, in order to achieve the same available number of distributed eCCEs as cross-localized eCCE mapping, double number of PRB pairs as cross-localized eCCE mapping is needed. Because ePDCCH is multiplexed with PDSCH in the frequency domain, a larger number of ePDCCH PRB pairs has a negative impact on PDSCH capacity. Hence, for distributed ePDCCH transmission, cross-localized eCCE mapping should be selected from the perspective of efficient resource utilization.
Proposal 2: For distributed ePDCCH transmission, cross-localized eCCE mapping should be selected from the perspective of efficient resource utilization.
4 Conclusion

In this contribution, we focused on the mapping of distributed ePDCCH to eREG. Based on the analyses, we propose the following.
Proposal 1: For distributed ePDCCH transmission of aggregation level 1, 1st slot intra-localized eCCE mapping should not be selected.
Proposal 2: For distributed ePDCCH transmission, cross-localized eCCE mapping should be selected from the perspective of efficient resource utilization.
Appendix
Table 1. Simulation assumptions
	Parameter
	Assumption/Value

	Channel model
	ETU (3 km/h)

	Antenna configurations
	2x2

	DCI format
	1A (43 bit payload including CRC)

	SNR on x-axis
	Average SNR in aggregated RBs over the simulation run time

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Modulation
	QPSK

	Precoding model

	Random beamforming
For 2x2 : Codebooks (0,1,2,3) with layer = 1 (TS 36.211 Table 6.3.4.2.3-1)

	Channel estimation
	Real channel estimation

	Aggregation level and allocated PRB pairs for distributed ePDCCH
	Aggregation level 1 (1 distributed eCCE) : PRB pair #1 + #17 + #33 + #49

	Legacy PDCCH
	1 OFDM symbol
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