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1 Introduction
EPDCCH was agreed to be a starting point for design of the physical downlink control channel for MTC in RAN1 #80bis [1]:
Agreements:
· Confirm the working assumptions:
· Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC at least for MTC UEs in coverage enhancement
· For Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC is based on at least DMRS

· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage
· The demodulation of the physical downlink control channel for MTC is based on at least DMRS for MTC UEs in normal coverage
The agreement in RAN1 #80bis and conclusion in RAN1 #81 also include [1]

 REF _Ref424582593 \n \h 
[2]: 

Agreement:
· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs
Conclusion:

· FFS whether localized or distributed or both needs to be supported for M-PDCCH

· To cover all possible aggregation levels

· FFS how to construct L=24 ECCEs

In this contribution, we discuss the FFS issues in the above conclusion for the proceeding of the physical downlink control channel design for MTC. Options to construct 24 ECCEs for distributed transmission are analyzed and compared.
2 Localized and distributed transmission

Rel-11 EPDCCH was designed for the number of PRB pairs to be {2, 4, 8} for both localized transmission and distributed transmission. Since MTC UEs only support physical downlink control channel within 6 PRB pairs, the EREG to ECCE mapping of EPDCCH needs reconsideration to be applied for MTC.
For localized transmission, EREGs corresponding to an ECCE are all located in one PRB pair and the EREG to ECCE mapping defined for EPDCCH could be reused for MTC with one additional PRB pair number 
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=6 applied.  As the design of physical downlink control channel for MTC should cover all possible ALs, reusing the current mapping has the benefit of multiplexing between MTC UEs with AL<24 and legacy UEs within the same MTC narrow band. With the aim of multiplexing to utilize the resource flexibility, e.g. when few legacy UEs are supported and could be multiplexed in MTC resources in quiet times, localized transmission should be supported.
For distributed transmission, EREGs corresponding to an ECCE are evenly distributed across allocated PRB pairs. A modification would be necessary in defining the EREG to ECCE mapping for PRB pair number 
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=6. When MTC physical downlink control channel is distributed across 6 PRB pairs, the multiplexing between MTC UEs and legacy UEs within MTC narrow band may be limited due to the possible modification for MTC. To pursue the full utilization of MTC UE’s capability within 6 PRB pairs and the maximum frequency diversity, distribution transmission should also be supported. If AL<24 is supported for coverage enhancement, even marginal gain from frequency diversity within 6 PRB pairs would reduce the required number of repetitions especially for large coverage enhancement.
Proposal 1: Both localized and distributed transmission should be supported for physical downlink control channel for MTC.
3 EREG to ECCE mapping for distributed transmission

The options of 24ECCEs construction for distributed physical downlink control channel for MTC were discussed in previous meeting. We discuss and compare the following options for distributed transmission with maximum 24 ECCEs in 6 PRB pairs for MTC UEs.
3.1 Option 1: Revise existing PRB index formula with floor(.) or ceil(.) function
The existing EREG to ECCE mapping for EPDCCH distributed transmission is defined in [3] as:
ECCE number 
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 corresponds to EREGs numbered 
[image: image4.wmf]ë

û

RB

ECCE

RB

jN

N

n

m

X

+

 in PRB indices 
[image: image5.wmf](

)

(

)

m

m

X

X

N

N

N

j

n

RB

ECCE

EREG

RB

mod

,

1

max

+

  for distributed mapping.

When 
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=6 for MTC physical downlink control channel to fully occupy 6 PRBs, the existing PRB index formula is not applicable since the value of 
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 in the formula is no longer integer with 
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=4. So a straightforward option is adding a floor(.) or ceil(.) function to make an integer value. The different location of the floor(.) or ceil(.) function in the formula would have different effect resulting in the following sub options to be considered.
Option 1.1: Adding a floor(.) or ceil(.) function outside 
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 in the PRB index formula

In this option as shown in [4], the PRB indices for EREGs of an ECCE are calculated with:
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or 
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For example of 
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 =4, the EREG to ECCE mapping results are listed in Table 1 in the appendix. However, The EREGs of an ECCE are not distributed evenly across 6 PRB pairs in option 1.1. When a floor(.) function is added outside 
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, the PRB indices of EREGs for an ECCE are continuous or cyclic continuous within 6 PRB pairs and the channel only maps to 5 PRB pairs for AL=2. When a ceil(.) function is added outside 
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, the 4 EREGs of an ECCE only map to 3 PRB pairs.
Option 1.2: Adding a floor(.) or ceil(.) function outside 
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 in the PRB index formula

When the location of the floor(.) or ceil(.) function in the PRB index formula is changed to outside 
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, we get the alternative option 1.2. That is, the PRB indices for EREGs of an ECCE are calculated with:
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or 
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This option results in EREG to ECCE mapping as shown in Table 2 in the appendix for example of 
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 =4. As seen from Table 2, the 4 EREGs of an ECCE map to 4 PRB pairs and any 2 consecutive ECCEs of a MTC physical downlink control channel with AL=2 map to 6 PRB pairs. The EREGs of an ECCE in this option are distributed more evenly across 6 PRB pairs and the distributed property is optimized comparing with option 1.1.
Observation 1: Revising existing PRB index formula by adding a floor(.) or ceil(.) function outside 
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 has better optimized distributed property than adding the function outside 
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Although option 1 modifies the existing PRB index formula slightly for MTC UEs, MTC UEs and legacy UEs are hardly to be multiplexed together in a narrow band when 6 PRB pairs are allocated to MTC UEs due to the mapping modification.

Observation 2: MTC UEs and legacy UEs are hardly to be multiplexed together in a narrow band when 6 PRB pairs are allocated to MTC UEs using the modified PRB index formula.

3.2 Option 2: Using existing EREG to ECCE mapping for 2/4 PRB pairs with combination
Another option is reusing existing EREG to ECCE mapping for 2/4 PRB pairs when 6 PRB pairs are allocated to MTC UEs, which provides a chance of multiplexing for distributed transmission. The 6 PRB pairs can be divided into PRB sets with the existing number of PRB pairs, i.e. 2+4, 4+2, or 2+2+2 PRB pairs. The ECCEs within different PRB sets can be aggregated together to construct physical downlink control channel for MTC fully distributed in 6 PRB pairs. Based on different renumbering method for ECCEs in different PRB sets within 6 PRB pairs, sub options are discussed in the following.
Option 2.1: ordinal numbering all the ECCEs in one PRB set and then another

This option numbers the ECCEs in order from one PRB set to another [4]. For example when 6 PRB pairs are constructed by a set of 2 PRB pairs and the other set of 4 PRB pairs, the EREG mapping of the 24 ECCEs are shown in Table 3 for 
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The ordinal numbering in this option has some problems to exploit maximum frequency diversity. In the above example, when AL is not larger than 8, the distributions of physical downlink control channel candidates are limited to either 2 PRB pairs or 4 PRB pairs. Although not shown here, this option has the similar problem for other possible PRB set divisions. 
Option 2.2: Interleaved numbering of the ECCEs in different sets of PRB pairs
For the example of interleaved ECCE numbering, EREG mapping of the 24 ECCEs with 
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 =4 are shown in Table 4 for constructing the 6 PRB pairs with a set of 2 PRB pairs and the other set of 4 PRB pairs, and in Table 5 for constructing the 6 PRB pairs with three sets each contains 2 PRB pairs respectively.
Interleaved numbering of the ECCEs in different sets of PRB pairs could obtain better frequency diversity gain. As observed, when AL= 2 for physical downlink control channel candidates, the candidates could be distributed across the whole 6 PRB pairs or across 4 PRB pairs in Table 4, and distributed across 4 PRB pairs in Table 5. When AL>2, all the candidates are distributed across the whole 6 PRB pairs both in Table 4 and Table 5.
Observation 3: Interleaved numbering of the ECCEs in different sets of PRB pairs has better optimized distributed property than ordinal numbering.
However, interleaved numbering of the ECCEs in option 2.2 has limitation for the multiplexing of MTC UEs and legacy UEs to some extent.  For an example in Table 4, if ECCE0 and 3 are used by an EPDCCH with AL=2 for legacy UEs, physical downlink control channel candidate for MTC with AL>1 cannot be constructed using ECCE1 and 2. These ECCEs are not wasted as they can also be utilized by legacy UEs.
Since the aim for distributed transmission is to fully employ MTC UEs capability for the frequency diversity, both the option to revise existing PRB index formula by adding a floor(.) or ceil(.) function outside 
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and the option to reuse existing EREG to ECCE mapping with interleaved numbering of the ECCEs in different sets of PRB pairs should be considered. So the proposal is:
Proposal 2: To construct 24 ECCEs for MTC UEs’ physical downlink control channel with distributed transmission, both the option to revise existing PRB index formula by adding a floor(.) or ceil(.) function outside 
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and the option to reuse existing EREG to ECCE mapping for 2/4 PRB pairs with interleaved numbering of the ECCEs in different sets of PRB pairs should be considered.
4 Conclusions
In this contribution we discuss the EREG to ECCE mapping for MTC UEs within 6 PRB pairs. We have the following proposal regarding the localized and distributed transmission:
Proposal 1: Both localized and distributed transmission should be supported for physical downlink control channel for MTC.

We also compare different EREG to ECCE mapping options for distributed transmission. The observations and proposal include:
Observation 1: Revising existing PRB index formula by adding a floor(.) or ceil(.) function outside 
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Observation 2: MTC UEs and legacy UEs are hardly to be multiplexed together in a narrow band when 6 PRB pairs are allocated to MTC UEs using the modified PRB index formula.

Observation 3: Interleaved numbering of the ECCEs in different sets of PRB pairs has better optimized distributed property than ordinal numbering.
Proposal 2: To construct 24 ECCEs for MTC UEs’ physical downlink control channel with distributed transmission, both the option to revise existing PRB index formula by adding a floor(.) or ceil(.) function outside 
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and the option to reuse existing EREG to ECCE mapping for 2/4 PRB pairs with interleaved numbering of the ECCEs in different sets of PRB pairs should be considered. 
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Appendix
Table 1: EREG to ECCE mapping by adding a floor(.) or ceil(.) function outside 
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	ECCE index
	EREG indices
	PRB indices by adding a floor(.) function outside 
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	PRB indices by adding a ceil(.) function outside 
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	     0
	0     4     8    12
	0     1     2     3
	0     2     4     0

	     1
	0     4     8    12
	1     2     3     4
	1     3     5     1

	     2
	0     4     8    12
	2     3     4     5
	2     4     0     2

	     3
	0     4     8    12
	3     4     5     0
	3     5     1     3

	     4
	0     4     8    12
	4     5     0     1
	4     0     2     4

	     5
	0     4     8    12
	5     0     1     2
	5     1     3     5

	     6
	1     5     9    13
	0     1     2     3
	0     2     4     0

	     7
	1     5     9    13
	1     2     3     4
	1     3     5     1

	     8
	1     5     9    13
	2     3     4     5
	2     4     0     2

	     9
	1     5     9    13
	3     4     5     0
	3     5     1     3

	    10
	1     5     9    13
	4     5     0     1
	4     0     2     4

	    11
	1     5     9    13
	5     0     1     2
	5     1     3     5

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

	    13
	2     6    10    14
	1     2     3     4
	1     3     5     1

	    14
	2     6    10    14
	2     3     4     5
	2     4     0     2

	    15
	2     6    10    14
	3     4     5     0
	3     5     1     3

	    16
	2     6    10    14
	4     5     0     1
	4     0     2     4

	    17
	2     6    10    14
	5     0     1     2
	5     1     3     5

	    18
	3     7    11    15
	0     1     2     3
	0     2     4     0

	    19
	3     7    11    15
	1     2     3     4
	1     3     5     1

	    20
	3     7    11    15
	2     3     4     5
	2     4     0     2

	    21
	3     7    11    15
	3     4     5     0
	3     5     1     3

	    22
	3     7    11    15
	4     5     0     1
	4     0     2     4

	    23
	3     7    11    15
	5     0     1     2
	5     1     3     5


Table 2: EREG to ECCE mapping by adding a floor(.) or ceil(.) function outside 
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	ECCE index
	EREG indices
	PRB indices by adding a floor(.) function outside 
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	PRB indices by adding a ceil(.) function outside 
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	     0
	0     4     8    12
	0     1     3     4 
	0     2     3     5 

	     1
	0     4     8    12
	1     2     4     5 
	1     3     4     0 

	     2
	0     4     8    12
	2     3     5     0 
	2     4     5     1 

	     3
	0     4     8    12
	3     4      0    1 
	3     5     0     2 

	     4
	0     4     8    12
	4     5     1     2 
	4     0     1     3 

	     5
	0     4     8    12
	5     0     2     3 
	5     1     2     4 

	     6
	1     5     9    13
	0    1     3      4 
	0     2     3     5 

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

	     8
	1     5     9    13
	2      3    5     0 
	2     4     5     1 

	     9
	1     5     9    13
	3     4     0     1 
	3     5     0     2 

	    10
	1     5     9    13
	4     5     1     2 
	4     0     1     3 

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

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

	    13
	2     6    10    14
	1     2     4     5 
	1     3     4     0 

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

	    15
	2     6    10    14
	3     4     0     1 
	3     5     0     2 

	    16
	2     6    10    14
	4     5     1     2 
	4     0     1     3 

	    17
	2     6    10    14
	5     0     2     3 
	5     1     2     4 

	    18
	3     7    11    15
	0     1     3     4 
	0     2     3     5 

	    19
	3     7    11    15
	1     2     4     5 
	1     3     4     0 

	    20
	3     7    11    15
	2     3     5     0 
	2     4     5     1 

	    21
	3     7    11    15
	3     4     0     1 
	3     5     0     2 

	    22
	3     7    11    15
	4     5     1     2 
	4     0     1     3 

	    23
	3     7    11    15
	5     0     2     3 
	5     1     2     4 


Table 3: EREG to ECCE mapping using existing 
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	ECCE index
	PRB indices
	EREG indices
	PRB set

	     0
	     0     1     0     1
	     0     4     8    12
	PRB set 1 with 2 PRB pairs

	     1
	     1     0     1     0
	     0     4     8    12
	

	     2
	     0     1     0     1
	     1     5     9    13
	

	     3
	     1     0     1     0
	     1     5     9    13
	

	     4
	     0     1     0     1
	     2     6    10    14
	

	     5
	     1     0     1     0
	     2     6    10    14
	

	     6
	     0     1     0     1
	     3     7    11    15
	

	     7
	     1     0     1     0
	     3     7    11    15
	

	     8
	     2     3     4     5
	     0     4     8    12
	PRB set 2 with 4 PRB pairs

	     9
	     3     4     5     2
	     0     4     8    12
	

	    10
	     4     5     2     3
	     0     4     8    12
	

	    11
	     5     2     3     4
	     0     4     8    12
	

	    12
	     2     3     4     5
	     1     5     9    13
	

	    13
	     3     4     5     2
	     1     5     9    13
	

	    14
	     4     5     2     3
	     1     5     9    13
	

	    15
	     5     2     3     4
	     1     5     9    13
	

	    16
	     2     3     4     5
	     2     6    10    14
	

	    17
	     3     4     5     2
	     2     6    10    14
	

	    18
	     4     5     2     3
	     2     6    10    14
	

	    19
	     5     2     3     4
	     2     6    10    14
	

	    20
	     2     3     4     5
	     3     7    11    15
	

	    21
	     3     4     5     2
	     3     7    11    15
	

	    22
	     4     5     2     3
	     3     7    11    15
	

	    23
	     5     2     3     4
	     3     7    11    15
	


Table 4: EREG to ECCE mapping using existing 
[image: image44.wmf]m

X

N

RB

=2 and 
[image: image45.wmf]m

X

N

RB

=4 and interleaved numbering for 
[image: image46.wmf]ECCE

EREG

N

 =4 (option 2.2)

	ECCE index
	PRB indices
	EREG indices
	PRB set

	0
	0     1     0     1
	0     4     8    12
	PRB set 1 with 2 PRB pairs

	1
	2     3     4     5
	0     4     8    12
	PRB set 2 with 4 PRB pairs

	2
	3     4     5     2
	0     4     8    12
	PRB set 2 with 4 PRB pairs

	3
	1     0     1     0
	0     4     8    12
	PRB set 1 with 2 PRB pairs

	4
	4     5     2     3
	0     4     8    12
	PRB set 2 with 4 PRB pairs

	5
	5     2     3     4
	0     4     8    12
	PRB set 2 with 4 PRB pairs

	6
	0     1     0     1
	1     5     9    13
	PRB set 1 with 2 PRB pairs

	7
	2     3     4     5
	1     5     9    13
	PRB set 2 with 4 PRB pairs

	8
	3     4     5     2
	1     5     9    13
	PRB set 2 with 4 PRB pairs

	9
	1     0     1     0
	1     5     9    13
	PRB set 1 with 2 PRB pairs

	10
	4     5     2     3
	1     5     9    13
	PRB set 2 with 4 PRB pairs

	11
	5     2     3     4
	1     5     9    13
	PRB set 2 with 4 PRB pairs

	12
	0     1     0     1
	2     6    10    14
	PRB set 1 with 2 PRB pairs

	13
	2     3     4     5
	2     6    10    14
	PRB set 2 with 4 PRB pairs

	14
	3     4     5     2
	2     6    10    14
	PRB set 2 with 4 PRB pairs

	15
	1     0     1     0
	2     6    10    14
	PRB set 1 with 2 PRB pairs

	16
	4     5     2     3
	2     6    10    14
	PRB set 2 with 4 PRB pairs

	17
	5     2     3     4
	2     6    10    14
	PRB set 2 with 4 PRB pairs

	18
	0     1     0     1
	3     7    11    15
	PRB set 1 with 2 PRB pairs

	19
	2     3     4     5
	3     7    11    15
	PRB set 2 with 4 PRB pairs

	20
	3     4     5     2
	3     7    11    15
	PRB set 2 with 4 PRB pairs

	21
	1     0     1     0
	3     7    11    15
	PRB set 1 with 2 PRB pairs

	22
	4     5     2     3
	3     7    11    15
	PRB set 2 with 4 PRB pairs

	23
	5     2     3     4
	3     7    11    15
	PRB set 2 with 4 PRB pairs


Table 5 EREG to ECCE mapping using existing 
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	ECCE index
	PRB indices
	EREG indices
	PRB set

	0
	0     1     0     1
	0     4     8    12
	PRB set 1 with 2 PRB pairs

	1
	2     3     2     3
	0     4     8    12
	PRB set 2 with 2 PRB pairs

	2
	4     5     4     5
	0     4     8    12
	PRB set 3 with 2 PRB pairs

	3
	1     0     1     0
	0     4     8    12
	PRB set 1 with 2 PRB pairs

	4
	3     2     3     2
	0     4     8    12
	PRB set 2 with 2 PRB pairs

	5
	5     4     5     4
	0     4     8    12
	PRB set 3 with 2 PRB pairs

	6
	0     1     0     1
	1     5     9    13
	PRB set 1 with 2 PRB pairs

	7
	2     3     2     3
	1     5     9    13
	PRB set 2 with 2 PRB pairs

	8
	4     5     4     5
	1     5     9    13
	PRB set 3 with 2 PRB pairs

	9
	1     0     1     0
	1     5     9    13
	PRB set 1 with 2 PRB pairs

	10
	3     2     3     2
	1     5     9    13
	PRB set 2 with 2 PRB pairs

	11
	5     4     5     4
	1     5     9    13
	PRB set 3 with 2 PRB pairs

	12
	0     1     0     1
	2     6    10    14
	PRB set 1 with 2 PRB pairs

	13
	2     3     2     3
	2     6    10    14
	PRB set 2 with 2 PRB pairs

	14
	4     5     4     5
	2     6    10    14
	PRB set 3 with 2 PRB pairs

	15
	1     0     1     0
	2     6    10    14
	PRB set 1 with 2 PRB pairs

	16
	3     2     3     2
	2     6    10    14
	PRB set 2 with 2 PRB pairs

	17
	5     4     5     4
	2     6    10    14
	PRB set 3 with 2 PRB pairs

	18
	0     1     0     1
	3     7    11    15
	PRB set 1 with 2 PRB pairs

	19
	2     3     2     3
	3     7    11    15
	PRB set 2 with 2 PRB pairs

	20
	4     5     4     5
	3     7    11    15
	PRB set 3 with 2 PRB pairs

	21
	1     0     1     0
	3     7    11    15
	PRB set 1 with 2 PRB pairs

	22
	3     2     3     2
	3     7    11    15
	PRB set 2 with 2 PRB pairs

	23
	5     4     5     4
	3     7    11    15
	PRB set 3 with 2 PRB pairs
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