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1 Introduction

In 3GPP RAN1#80, the working assumption has been made that: 
· Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.
It has also been agreed that:

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
Since Rel-11 EPDCCH was designed for the number of PRBs occupied of 
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 = {2, 4, 8}, a modification is necessary in defining the EREG to ECCE mapping for distributed EPDCCH. 

In this contribution, we discuss two options to define EREG to ECCE mapping for 
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=6 in distributed EPDCCH for the Rel-13 MTC UE.
2 ECCE Definition
When using distributed mapping, the existing ECCE definition in TS 36.211 is 

ECCE number 
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  for distributed mapping.
For Rel-13 MTC UE, when the EPDCCH is mapped to fully occupy 6 PRBs, 
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 =4 or 8, the PRB index definition above is no longer valid.  There are two options to revise the existing ECCE definition to provide ECCE construction for  
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2.1 Option 1: Revise existing 
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In the first option, the ECCE definition is revised from the existing 
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=8 definition by removing the invalid EREGs, where the invalid EREGs are those that are mapped outside of the 6 PRB group. This is shown with the example of 
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 =4 in Table 1, where the invalid EREGs are marked in red and crossed out.
It can be observed from Table 1 that with Option 1:

· There are only 3 EREGs in an ECCE, instead of 4 EREGs expected; 

·  There are 32 ECCEs in a 6 PRB group, instead of the 24 ECCEs expected;

Similar issues exist when 
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Thus this option not only requires a deleting step in EREG mapping, it also complicates the eNB scheduler in terms of expected MCS calculation

2.2 Option 2: Revise existing PRB index formula
In the second option, the ECCE definition is obtained by revising the existing PRB index formula. Either a simple floor (.) function or a ceil(.) function can be used as shown below. 
Option 2.1: Adding a floor(.) function to PRB index formula. That is, the PRB indices are derived with 
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Option 2.2: Adding a ceil(.) function to PRB index formula. That is, the PRB indices are derived with 
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Using Option 2.1, the EREG to ECCE mapping is tabulated in Table 2 for the example of
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Using Option 2.2, the EREG to ECCE mapping is tabulated in Table 3 for the example of 
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It can be observed from Table 2 to Table 4 that with Option 2:

· For each ECCE, there is the expected number of EREGs per ECCE; 

· There are 24 ECCEs in a 6 PRB group as expected;

· It does not affect existing mapping of 
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Although not shown here, it has also been examined that Option 2 can be used to construct EREG to ECCE mapping for other  currently invalid 
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=3, 5. Thus this makes it possible to use subset of any size for EPDCCH transmission.
2.3 Discussion

Comparing Option 1 and Option 2 above, Option 2 is preferred as it incurs only a minor change to the PRB index definition, while maintaining the expected EREG-to-ECCE basic structure. This is beneficial for both UE and eNB implementation.
As demonstrated in the Appendix, both Option 2.1 and Option 2.2 are valid options. In our simulation study of EPDCCH performance [3], Option 2.1 is used, that is the floor(.) function.

Proposal:

· For distributed mapping, the existing PRB index formula is revised with either a floor(.) or ceil(.) function for ECCE definition.

3 Conclusions
In this contribution we discussed the EREG-to-ECCE mapping for MTC, when the physical downlink control channel is constructed using EPDCCH as a starting point. Based on the discussion, we have the following proposal.

Proposal:

· For distributed mapping, the existing PRB index formula is revised with either a floor(.) or ceil(.) function for ECCE definition.

References
[1] RP-150492, “Revised WI: Further LTE Physical Layer Enhancements for MTC”
[2] TS 36.213
[3] R1-151209, “EPDCCH link performance for MTC,” Ericsson

4 Appendix

Table 1: ECCE mapping by revising Existing 
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=6 when an ECCE is composed of 4 EREGs

	ECCE index
	PRB indices
	EREG indices

	     0
	0     2     4     6
	0     4     8    12

	     1
	1     3     5     7
	0     4     8    12

	     2
	2     4     6     0
	0     4     8    12

	     3
	3     5     7     1
	0     4     8    12

	     4
	4     6     0     2
	0     4     8    12

	     5
	5     7     1     3
	0     4     8    12

	     6
	6     0     2     4
	0     4     8    12

	     7
	7     1     3     5
	0     4     8    12

	     8
	0     2     4     6
	1     5     9    13

	     9
	1     3     5     7
	1     5     9    13

	    10
	2     4     6     0
	1     5     9    13

	    11
	3     5     7     1
	1     5     9    13

	    12
	4     6     0     2
	1     5     9    13

	    13
	5     7     1     3
	1     5     9    13

	    14
	6     0     2     4
	1     5     9    13

	    15
	7     1     3     5
	1     5     9    13

	    16
	0     2     4     6
	2     6    10    14

	    17
	1     3     5     7
	2     6    10    14

	    18
	2     4     6     0
	2     6    10    14

	    19
	3     5     7     1
	2     6    10    14

	    20
	4     6     0     2
	2     6    10    14

	    21
	5     7     1     3
	2     6    10    14

	    22
	6     0     2     4
	2     6    10    14

	    23
	7     1     3     5
	2     6    10    14

	    24
	0     2     4     6
	3     7    11    15

	    25
	1     3     5     7
	3     7    11    15

	    26
	2     4     6     0
	3     7    11    15

	    27
	3     5     7     1
	3     7    11    15

	    28
	4     6     0     2
	3     7    11    15

	    29
	5     7     1     3
	3     7    11    15

	    30
	6     0     2     4
	3     7    11    15

	    31
	7     1     3     5
	3     7    11    15


Table 2: ECCE mapping using floor(.) function for 
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=6 when an ECCE is composed of 4 EREGs

	ECCE index
	PRB indices
	EREG indices

	     0
	0     1     2     3
	0     4     8    12

	     1
	1     2     3     4
	0     4     8    12

	     2
	2     3     4     5
	0     4     8    12

	     3
	3     4     5     0
	0     4     8    12

	     4
	4     5     0     1
	0     4     8    12

	     5
	5     0     1     2
	0     4     8    12

	     6
	0     1     2     3
	1     5     9    13

	     7
	1     2     3     4
	1     5     9    13

	     8
	2     3     4     5
	1     5     9    13

	     9
	3     4     5     0
	1     5     9    13

	    10
	4     5     0     1
	1     5     9    13

	    11
	5     0     1     2
	1     5     9    13

	    12
	0     1     2     3
	2     6    10    14

	    13
	1     2     3     4
	2     6    10    14

	    14
	2     3     4     5
	2     6    10    14

	    15
	3     4     5     0
	2     6    10    14

	    16
	4     5     0     1
	2     6    10    14

	    17
	5     0     1     2
	2     6    10    14

	    18
	0     1     2     3
	3     7    11    15

	    19
	1     2     3     4
	3     7    11    15

	    20
	2     3     4     5
	3     7    11    15

	    21
	3     4     5     0
	3     7    11    15

	    22
	4     5     0     1
	3     7    11    15

	    23
	5     0     1     2
	3     7    11    15


Table 3: ECCE mapping using ceil(.) function for 
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	ECCE index
	PRB indices
	EREG indices

	     0
	0     2     4     0
	0     4     8    12

	     1
	1     3     5     1
	0     4     8    12

	     2
	2     4     0     2
	0     4     8    12

	     3
	3     5     1     3
	0     4     8    12

	     4
	4     0     2     4
	0     4     8    12

	     5
	5     1     3     5
	0     4     8    12

	     6
	0     2     4     0
	1     5     9    13

	     7
	1     3     5     1
	1     5     9    13

	     8
	2     4     0     2
	1     5     9    13

	     9
	3     5     1     3
	1     5     9    13

	    10
	4     0     2     4
	1     5     9    13

	    11
	5     1     3     5
	1     5     9    13

	    12
	0     2     4     0
	2     6    10    14

	    13
	1     3     5     1
	2     6    10    14

	    14
	2     4     0     2
	2     6    10    14

	    15
	3     5     1     3
	2     6    10    14

	    16
	4     0     2     4
	2     6    10    14

	    17
	5     1     3     5
	2     6    10    14

	    18
	0     2     4     0
	3     7    11    15

	    19
	1     3     5     1
	3     7    11    15

	    20
	2     4     0     2
	3     7    11    15

	    21
	3     5     1     3
	3     7    11    15

	    22
	4     0     2     4
	3     7    11    15

	    23
	5     1     3     5
	3     7    11    15


Table 4: ECCE mapping using either floor(.) or ceil(.) function for 
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	ECCE index
	PRB indices
	EREG indices

	     0
	0     1     2     3     4     5     0     1
	0     2     4     6     8    10    12    14

	     1
	1     2     3     4     5     0     1     2
	0     2     4     6     8    10    12    14

	     2
	2     3     4     5     0     1     2     3
	0     2     4     6     8    10    12    14

	     3
	3     4     5     0     1     2     3     4
	0     2     4     6     8    10    12    14

	     4
	4     5     0     1     2     3     4     5
	0     2     4     6     8    10    12    14

	     5
	5     0     1     2     3     4     5     0
	0     2     4     6     8    10    12    14

	     6
	0     1     2     3     4     5     0     1
	1     3     5     7     9    11    13    15

	     7
	1     2     3     4     5     0     1     2
	1     3     5     7     9    11    13    15

	     8
	2     3     4     5     0     1     2     3
	1     3     5     7     9    11    13    15

	     9
	3     4     5     0     1     2     3     4
	1     3     5     7     9    11    13    15

	    10
	4     5     0     1     2     3     4     5
	1     3     5     7     9    11    13    15

	    11
	5     0     1     2     3     4     5     0
	1     3     5     7     9    11    13    15
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