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1. Introduction

In RAN1 #70bis meeting, the RE mapping issues for E-CCE/E-REG were discussed with the following agreements made [1]:

Agreement:

· eREGs are grouped eREG group #0 {eREG#0,4,8,12}, eREG group #1 {eREG#1,5,9,13}, eREG group #2{eREG#2,6,10,14}, eREG group #3 {eREG#3,7,11,15} in EPDCCH set regardless of distributed EPDCCH set or localized EPDCCH set.

· When an eCCE is formed by 4 eREGs, an eCCE is formed by an eREG group.

· When an eCCE is formed by 8 eREGs, an eCCE is formed by two eREG groups.

· two eREG groups are eREG group #0/2 and eREG group #1/3

Note that in the distributed case the EREGs are located as much as possible in different PRB pairs – precise wording to be prepared offline.

Note that the concept of EREG group is not needed in the specification, e.g. as follows:

· When an eCCE is formed by 4 eREGs, eREGs are grouped eREG group #0 {eREG#0,4,8,12}, eREG group #1 {eREG#1,5,9,13}, eREG group #2{eREG#2,6,10,14}, eREG group #3 {eREG#3,7,11,15} in EPDCCH set regardless of distributed EPDCCH set or localized EPDCCH set.

· When an eCCE is formed by 8 eREGs, eREGs are grouped eREG group #0 {eREG#0,2,4,6,8,10,12,14}, eREG group #1 {eREG#1,3,5,7,9,11,13,15}, regardless of distributed EPDCCH set or localized EPDCCH set.

In this contribution, we share our views on remaining issues on RE mapping for E-REG/E-CCE, and formulize the localized and distributed E-CCE mapping method. 
2. Localized E-CCE mapping

The design of localized E-CCE to E-REG mapping can be quite simple. The logical E-CCEs for Localized E-PDCCH can be mapped to the E-PDCCH PRB pairs in ascending (or descending) PRB index, as shown in Figure 1. It shall be noted that the PRB pairs in Figure 1 may or may not be consecutive in frequency. And the localized E-CCE to E-REG mapping within a PRB pair is shown in figure 2.
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Figure 1: Logical E-CCE mapping to physical resource for localized E-PDCCH
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Figure 2: localized E-CCE mapping wthin PRB pair
Given the current agreements, the E-REGs for a localized E-CCE are determined by a pair of parameters (
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), which can be defined as follows:
· Symbols and parameters: 

· E-CCE size: 

M = # E-REGs per E-CCE, 

· # E-REGs per PRB pair: 
NEREG =16 

· # E-CCEs per PRB pair:    
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· Localized E-CCE index within a PRB pair: 

[image: image5.wmf]_

LECCEindex

n

-


· For a localized E-CCE index 
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, the pair of parameters (
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· The PRB pair index in E-PDCCH set is 
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· The corresponding E-REG indices 
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 in the determined PRB pair are: 
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3. Distributed E-CCE mapping

The design of distributed E-CCE to E-REG mapping can be more complicated than localized E-CCE. Given the agreement on the number of PRB pairs per E-PDCCH set and variable E-CCE size in terms of number or E-REGs, several combinations should be supported, as shown in Table 1. 
Table 1: The cases of E-CCE size and E-PDCCH set size combination

	                E-PDCCH set size

E-CCE size
	2 PRB pairs
	4 PRB pairs
	8 PRB pairs

	4 E-REGs per E-CCE
	Case 1
	Case 2
	Case 3

	8 E-REGs per E-CCE
	Case 4
	Case 5
	Case 6


Two main design principles are considered when designing distributed E-CCE to E-REG mapping

1） A distributed E-CCE shall comprise E-REGs spread in different PRB pairs in the E-PDCCH set as much as possible, to achieve the frequency diversity gain.

2） Distributed E-CCEs with consecutive indices should comprise E-REGs in the same E-REG group first, then across different E-REG groups. The motivation is to support efficient multiplexing of localized and distributed E-PDCCHs in a same set of PRB pairs, since less localized candidates will be blocked due to the presence of distributed E-PDCCH with aggregation level higher than 1.
The design of distributed E-CCE to E-REG mapping are shown case by case in the following 
· Case 1:  2 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE, and a total of NECCE=8.

In this case, a distributed E-CCE is spread over two PRB pairs, that is, each PRB pair contains 2 E-REGs which belong to the same distributed E-CCE. The E-REG indices for each distributed E-CCE in this case are shown in table 2.

Table 2: Case 1 (2 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE)

	E-CCE #
	0
	1
	2
	3
	4
	5
	6
	7

	PRB pair 0
	0
	8
	1
	9
	2
	10
	3
	11

	PRB pair 0
	4
	12
	5
	13
	6
	14
	7
	15

	PRB pair 1
	8
	0
	9
	1
	10
	2
	11
	3

	PRB pair 1
	12
	4
	13
	5
	14
	6
	15
	7


· Case 2:  4 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE, and a total of NECCE=16

In this case, a distributed E-CCE is spread over four PRB pairs, that is, each PRB pair contains 1 E-REGs which belong to the same distributed E-CCE. The E-REG indices for each distributed E-CCE in this case are shown in table 3.

Table 3: Case 2 (4 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE)

	E-CCE #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PRB pair 0
	0
	12
	8
	4
	1
	13
	9
	5
	2
	14
	10
	6
	3
	15
	11
	7

	PRB pair 1
	4
	0
	12
	8
	5
	1
	13
	9
	6
	2
	14
	10
	7
	3
	15
	11

	PRB pair 2
	8
	4
	0
	12
	9
	5
	1
	13
	10
	6
	2
	14
	11
	7
	3
	15

	PRB pair 3
	12
	8
	4
	0
	13
	9
	5
	1
	14
	10
	6
	2
	15
	11
	7
	3


· Case 3:  8 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE, and a total of NECCE=32

In this case, the distributed E-CCEs with even numbered indices are composed by E-REGs from four PRB pairs, and the distributed E-CCEs with odd numbered indices are composed by E-REGs from the other four PRB pairs. The E-REG indices for each distributed E-CCE in this case are shown in table 4.

With this distributed E-CCE structure, distributed E-PDCCH with aggregation level 2 can obtain the full frequency diversity gain.

Table 4-1: Case 3 (8 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE)

	E-CCE #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PRB pair 0
	0
	
	12
	
	8
	
	4
	
	1
	
	13
	
	9
	
	5
	

	PRB pair 1
	
	0
	
	12
	
	8
	
	4
	
	1
	
	13
	
	9
	
	5

	PRB pair 2
	4
	
	0
	
	12
	
	8
	
	5
	
	1
	
	13
	
	9
	

	PRB pair 3
	
	4
	
	0
	
	12
	
	8
	
	5
	
	1
	
	13
	
	9

	PRB pair 4
	8
	
	4
	
	0
	
	12
	
	9
	
	5
	
	1
	
	13
	

	PRB pair 5
	
	8
	
	4
	
	0
	
	12
	
	9
	
	5
	
	1
	
	13

	PRB pair 6
	12
	
	8
	
	4
	
	0
	
	13
	
	9
	
	5
	
	1
	

	PRB pair 7
	
	12
	
	8
	
	4
	
	0
	
	13
	
	9
	
	5
	
	1


Table 4-2: Case 3 (8 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE)

	E-CCE #
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	PRB pair 0
	2
	
	14
	
	10
	
	6
	
	3
	
	15
	
	11
	
	7
	

	PRB pair 1
	
	2
	
	14
	
	10
	
	6
	
	3
	
	15
	
	11
	
	7

	PRB pair 2
	6
	
	2
	
	14
	
	10
	
	7
	
	3
	
	15
	
	11
	

	PRB pair 3
	
	6
	
	2
	
	14
	
	10
	
	7
	
	3
	
	15
	
	11

	PRB pair 4
	10
	
	6
	
	2
	
	14
	
	11
	
	7
	
	3
	
	15
	

	PRB pair 5
	
	10
	
	6
	
	2
	
	14
	
	11
	
	7
	
	3
	
	15

	PRB pair 6
	14
	
	10
	
	6
	
	2
	
	15
	
	11
	
	7
	
	3
	

	PRB pair 7
	
	14
	
	10
	
	6
	
	2
	
	15
	
	11
	
	7
	
	3


· Case 4:  2 PRB pairs per E-PDCCH set, 8 E-REGs per E-CCE, and a total of NECCE=4 E-CCEs.

In this case, a distributed E-CCE is spread over two PRB pairs, that is, each PRB pair contains 4 E-REGs which belong to the same distributed E-CCE. The E-REG indices for each distributed E-CCE in this case are shown in table 5.

Table 5: Case 4 (2 PRB pairs per E-PDCCH set, 8 E-REGs per E-CCE)

	E-CCE #
	0
	1
	2
	3

	PRB pair 0
	0
	8
	1
	9

	PRB pair 0
	2
	10
	3
	11

	PRB pair 0
	4
	12
	5
	13

	PRB pair 0
	6
	14
	7
	15

	PRB pair 1
	8
	0
	9
	1

	PRB pair 1
	10
	2
	11
	3

	PRB pair 1
	12
	4
	13
	5

	PRB pair 1
	14
	6
	15
	7


· Case 5:  4 PRB pairs per E-PDCCH set, 8 E-REGs per E-CCE, and a total of NECCE=8.

In this case, a distributed E-CCE is spread over four PRB pairs, that is, each PRB pair contains 2 E-REGs which belong to the same distributed E-CCE. The E-REG indices for each distributed E-CCE in this case are shown in table 6. 

Table 6: Case 5 (4 PRB pairs per E-PDCCH set, 8 E-REGs per E-CCE)

	E-CCE #
	0
	1
	2
	3
	4
	5
	6
	7

	PRB pair 0
	0
	12
	8
	4
	1
	13
	9
	5

	PRB pair 0
	2
	14
	10
	6
	3
	15
	11
	7

	PRB pair 1
	4
	0
	12
	8
	5
	1
	13
	9

	PRB pair 1
	6
	2
	14
	10
	7
	3
	15
	11

	PRB pair 2
	8
	4
	0
	12
	9
	5
	1
	13

	PRB pair 2
	10
	6
	2
	14
	11
	7
	3
	15

	PRB pair 3
	12
	8
	4
	0
	13
	9
	5
	1

	PRB pair 3
	14
	10
	6
	2
	15
	11
	7
	3


· Case 6:  8 PRB pairs per E-PDCCH set, 8 E-REGs per E-CCE, and a total of NECCE=16.

In this case, a distributed E-CCE is spread over eight PRB pairs, that is, each PRB pair contains 1 E-REGs which belong to the same distributed E-CCE. The E-REG indices for each distributed E-CCE in this case are shown in table 7. 

Table 7: Case 6 (8 PRB pairs per E-PDCCH set, 8 E-REGs per E-CCE)

	E-CCE #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PRB pair 0
	0
	14
	12
	10
	8
	6
	4
	2
	1
	15
	13
	11
	9
	7
	5
	3

	PRB pair 1
	2
	0
	14
	12
	10
	8
	6
	4
	3
	1
	15
	13
	11
	9
	7
	5

	PRB pair 2
	4
	2
	0
	14
	12
	10
	8
	6
	5
	3
	1
	15
	13
	11
	9
	7

	PRB pair 3
	6
	4
	2
	0
	14
	12
	10
	8
	7
	5
	3
	1
	15
	13
	11
	9

	PRB pair 4
	8
	6
	4
	2
	0
	14
	12
	10
	9
	7
	5
	3
	1
	15
	13
	11

	PRB pair 5
	10
	8
	6
	4
	2
	0
	14
	12
	11
	9
	7
	5
	3
	1
	15
	13

	PRB pair 6
	12
	10
	8
	6
	4
	2
	0
	14
	13
	11
	9
	7
	5
	3
	1
	15

	PRB pair 7
	14
	12
	10
	8
	6
	4
	2
	0
	15
	13
	11
	9
	7
	5
	3
	1


According to above analysis on the distributed E-CCE mapping method, the E-REGs for a distributed E-CCE is determined by a pair of parameters (
[image: image12.wmf]__

,

PRBindexEREGindex

nn

). We formulize the distributed E-CCE mapping method as follows:

· Symbols and parameters: 

· E-CCE size: 

M = # E-REGs per E-CCE, 

· E-PDCCH set size:
N = # PRB pairs per E-PDCCH set

· # E-CCEs per PRB pair:    
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· Distributed E-CCE index: 
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· For a distributed E-CCE index 
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, the pair of parameters (
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) is determined by:

· If K=M/N>=1 (i.e. for case 1,2,4,5,6) 

· PRB pair index in E-PDCCH set is :
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· The E-REG index/indices used in selected i-th PRB pair 
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· If K=M/N<1 (i.e. for case 3)

· L=N/M>1

· The distributed E-CCE index 
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and the PRB pairs 
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of an E-PDCCH set can be divide into L group, which can be described as following:

· The distributed E-CCE group index of l-th group can be described as following: 
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and 
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· The PRB pair index of l-th group can be described as following:
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· The distributed E-CCEs within the l-th distributed E-CCE group are mapping into the l-th PRB pair group within E-PDCCH set.
· For the distributed E-CCE index 
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 within the l-th distributed E-CCE group, the pair of parameters (
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) can be determined as:

· PRB pair index within the l-th PRB pair group can be determined by:
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· The E-REG index used in the selected PRB pair 
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4. Conclusions

In this contribution, we discuss the design of E-CCE to E-REG mapping for both distributed and localized E-PDCCH, with the following proposals:
Proposal 1: For localized E-PDCCH, the mapping of an E-CCE to physical resources is determined as follows:
· For a localized E-CCE index 
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· The PRB pair index in E-PDCCH set is 
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· The corresponding E-REG indices 
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 in the determined PRB pair are: 
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where M is the number of E-REGs in an localized E-CCE , NEREG is the number of E-REGs per PRB pair, and  NECCE is the number of E-CCEs per PRB pair
Proposal 2: For distributed E-PDCCH, the mapping of an E-CCE to physical resources is determined as follows:
· For a distributed E-CCE index 
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· If K=M/N>=1, where M is the number of E-REGs per E-CCE; N is the number of PRB pairs per E-PDCCH set
· PRB pair index in E-PDCCH set is 
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· The E-REG index/indices used in selected i-th PRB pair 
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           where NECCE is the number of E-CCEs per PRB pair
· If K=M/N<1

· L=N/M>1

· The distributed E-CCE index 
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of an E-PDCCH set can be divide into L group, which can be described as following:

· The distributed E-CCE group index of l-th group can be described as following: 
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where NEREG is the number of E-REGs per PRB pair.

· The PRB pair index of l-th group can be described as following:
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· The distributed E-CCEs within the l-th distributed E-CCE group are mapping into the l-th PRB pair group within E-PDCCH set.

· For the distributed E-CCE index 
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 within the l-th distributed E-CCE group, the pair of parameters (
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) can be determined as:

· PRB pair index within the l-th PRB pair group can be determined by:
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· The E-REG index used in the selected PRB pair 
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 within the l-th PRB pair group is 
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