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1 Introduction
In [1-5], the ePDCCH mapping schemes are discussed and some contributions also shown with performance results.  This contribution gives more detail mapping scheme for ePDCCH.
2 eCCE allocation
For Hetnet scenarios, the coordinated resources need to support high reuses. We preferred that the resource for BFed ePDCCH and TxD ePDCCH are allocated with for unified structure and can share PRB. This will give better interference coordination when number of TPs is high. Then, the eCCE should be defined for both cases. The ePDCCH reuse the PDCCH scheme to define eCCE. For compatibility with PDSCH resource allocation, the resources for ePDCCH should be PRB based. 1 PRB can be allocated to n eCCEs, the n should be decided by DCI Format size, number of available REs in 1 PRB and number of antenna ports.
Table 2.1shows the available REs in 1 PRB for different cases
	the number of OFDM symbol for PDCCH
	the number of CRS port
	Extended CP
 (port#7-8)
	Normal CP
 (port#7-8)
	Normal CP
 (port#7-10)

	0 
	0
	124
	156
	144

	1
	1
	106
	138
	126

	
	2
	100
	132
	120

	
	4
	92
	124
	112

	2 
	1
	94
	126
	114

	
	2
	88
	120
	108

	
	4
	84
	116
	104

	3 
	1
	82
	114
	102

	
	2
	76
	108
	96

	
	4
	72
	104
	92

	4 
	1
	72
	102
	90

	
	2 
	68
	96
	84

	
	4 
	64
	92
	80


Table 2.1
Table 2.2 shows the sizes for DCI Format 1A and DCI Format 2C in different bandwidths without CIF. The aperiodic SRS and CSI bits are included. 
	
	1.4M
	3M
	5M
	10M
	15M
	20

	DCI Format 1A
	37
	38
	41
	43
	43
	44

	DCI Format 2C
	48
	50
	55
	59
	61
	67

	DCI Format 4(2 antenna)
	47
	49
	50
	52
	53
	54

	DCI Format 4(4 antenna)
	50
	51
	53
	55
	57
	58


It can be seen that if the eCCE size be defined as 1/4 of PRB, the DCI Format 2C/4 have to use ePDCCH occupying the whole subframe to meet the minimum coding rate. For DCI Format 1A, 1/4 PRB can meet the minimum coding rate for most of the case with different ePDCCH starting symbol. Larger eCCE size, e.g 1/2 PRB is not efficient to DCI Format 1A. The problem can be resolved by limiting the aggregation level.
2 options are possible to allocate eCCE size:
Option 1: Fixed eCCE size, e.g. 36 RE, is used for all DCI Formats.
Option 2: Defining variable eCCE size and limiting the aggregation level. 
For option 1, it will involve the allocation across more than 1 PRB. This will give some implication for multiplexing. Note one PRB will not be reused for PDSCH if only a few REs are transmitting ePDCCH. The fragmentation in ePDCCH PRBs will be also higher for this option. Option 2 alleviates those limits.  However, the size may not fit for all DCI in all cases. 
Proposal: To reduce the mapping limit, variable eCCE size and limiting the aggregation level should be considered. 
3 eCCE mapping
The eREG is also borrowing the concept from PDCCH, which can be used to build eCCE. There are few options for defining the eREG: 1) OFDM symbol based; 2) Slot/Frequency based; 3) Pure frequency based. Those are illustrated as following:
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Figure3.1 OFDM symbol based 
In the option 1, the eREG is numbering frequency first in OFDM symbol to further compose eCCE. 
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Figure 2.2 Slot/Frequency  based
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Figure 2.3 Pure frequency based
Comparison:
1． .Option 1gives finer granularity than Option 2/3.
2． For diversity, the option 1 can have even distribution on 1 PRB than Option 2/3.
3． Option 1 can have good support for both SFBC and beamforming. Option 2/3 needs further division to support SFBC. 
4． The Option 3 has slight higher complexity than others.
Proposal: eREG should be OFDM symbol based mapped and eCCE is composed by eREG.
4 ePDCCH mapping
ePDCCH mapping should be desirable to base on eCCE and the principle of unified mapping. One eCCE should not spam more than one PRB, since this will increase the fragmentation. On top of that eCCE, ePDCCH could have non-consecutive mapping and consecutive mapping, which means one ePDCCH is mapped non-consecutive PRBs or consecutive PRBs.  Non-consecutive mapping and consecutive mapping should be multiplexed in same PRB to reduce the fragmentation. For consecutive mapping, some limit may be considered to reduce the complexity of the detection.
· The example of consecutive mapping is illustrated in figure 4.1. When 1 PRB carry 4 eCCE, {#0,#1,#2,#3}:
a) 2 eCCE for 1 ePDCCH, the ePDCCH is only mapped into 1 PRB to :{#0,#1} or  {#2,#3}.
b) 4 eCCE for 1 ePDCCH, the ePDCCH is only mapped into one whole PRB.
c) 8 eCCE for 1 ePDCCH, the ePDCCH is only mapped into 2 consecutive PRBs. 
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Figure 4.1　Consecutive Mapping
· Non-consecutive mapping is shown as figure 4.3. For 2/4/8 eCCE, the ePDCCH is mapped into as many as possible PRBs. 
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Figure 4.2　 Non-consecutive mapping
Proposal: Non-consecutive mapping and consecutive mapping should be based on eCCE.
Proposal: Non-consecutive mapping and consecutive mapping can be multiplexed in same PRB.
5 Conclusion

In this contribution, we discussed the mapping schemes for ePDCCH. We propose:
1 To reduce the mapping limit, variable eCCE size or limiting the aggregation level should be considered. 

2 eREG should be OFDM symbol based frequency-first mapped and eCCE is composed by eREG.
3 Non-consecutive mapping and consecutive mapping should be based on eCCE.
4 Non-consecutive mapping and consecutive mapping can be multiplexed in same PRB.
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