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1 Introduction
In RAN1#71 meeting, followings are agreed on ECCE to EREG mapping

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
This contribution discusses the details of design for ECCE to EREG mapping as follows.
· Localized ECCE to EREG mapping

· For distributed, frequency diversity order when higher aggregation level (L>1) 
· For distributed, aggregation level more than 1 is realized by which ECCEs 
In this document, following symbols are used.


Q

the number of EREGs per ECCE


N

the number of PRB pair per EPDCCH set.

M

16/Q
2 Discussion

2.1 Localized ECCE to EREG mapping
For localized transmission, EPDCCH with aggregation level L <= 16/Q, should be located on a PRB pair. Q is EREGs per ECCE. When Q=4, EPDCCH with aggregation level 1, 2 and 4 are located on a PRB pair. In case that aggregation level more than 1 is realized by consecutive ECCEs i.e. aggregation level 2 is ECCE#k and ECCE#k+1, M=16/Q consecutive ECCEs are located on a same PRB pair. We propose following equation for ECCE to EREG mapping for localized transmission.
ECCE#k is mapped to EREG((k mod M)+j* M) in PBB pair floor(k/M). 
j = 0, 1, …, Q-1.  
Table 1 shows the ECCE to EREG mapping for localized transmission in case of Q=4 and N=4. N is the number of PRB pair per EPDCCH set.
Table 1 ECCE to EREG mapping for localized in case of Q=4, 8 and N=4
	Q=4
	Q=8
	
	
	
	
	

	ECCE#0
	ECCE#0
	PRB pair #0
	EREG#0
	EREG#4
	EREG#8
	EREG#12

	ECCE#1
	ECCE#1
	
	EREG#1
	EREG#5
	EREG#9
	EREG#13

	ECCE#2
	ECCE#0
	
	EREG#2
	EREG#6
	EREG#10
	EREG#14

	ECCE#3
	ECCE#1
	
	EREG#3
	EREG#7
	EREG#11
	EREG#15

	ECCE#4
	ECCE#2
	PRB pair #1
	EREG#0
	EREG#4
	EREG#8
	EREG#12

	ECCE#5
	ECCE#3
	
	EREG#1
	EREG#5
	EREG#9
	EREG#13

	ECCE#6
	ECCE#2
	
	EREG#2
	EREG#6
	EREG#10
	EREG#14

	ECCE#7
	ECCE#3
	
	EREG#3
	EREG#7
	EREG#11
	EREG#15

	ECCE#8
	ECCE#4
	PRB pair #2
	EREG#0
	EREG#4
	EREG#8
	EREG#12

	ECCE#9
	ECCE#5
	
	EREG#1
	EREG#5
	EREG#9
	EREG#13

	ECCE#10
	ECCE#4
	
	EREG#2
	EREG#6
	EREG#10
	EREG#14

	ECCE#11
	ECCE#5
	
	EREG#3
	EREG#7
	EREG#11
	EREG#15

	ECCE#12
	ECCE#6
	PRB pair #3
	EREG#0
	EREG#4
	EREG#8
	EREG#12

	ECCE#13
	ECCE#7
	
	EREG#1
	EREG#5
	EREG#9
	EREG#13

	ECCE#14
	ECCE#6
	
	EREG#2
	EREG#6
	EREG#10
	EREG#14

	ECCE#15
	ECCE#7
	
	EREG#3
	EREG#7
	EREG#11
	EREG#15


Proposal 1: For localized transmission, aggregation level more than 1 is realized by aggregating ECCEs across eREG groups first then across PRB pairs
Proposal 2: For localized transmission, ECCE#k is mapped to EREG((k mod M)+i * M) in PBB pair floor(k/M). i = 0, 1, …, Q-1.
2.2 Distributed ECCC to EREG mapping
Frequency diversity order
In case of EPDCCH set size N=2 and 4, N is the limit of frequency diversity order for all aggregation levels. In case N=8, we propose Q EREGs in an ECCE are located on Q different PRB pairs in order to have maximum frequency diversity order for aggregation level 1. For higher aggregation level (L>1) with N=8, two alternatives are listed in [1] as follows
· (Alt1) an EPDCCH candidate are distributed over min(8, Q*L) PRB pairs

· Frequency diversity gain is obtained than Alt2

· (Alt2) an EPDCCH candidate are distributed over min(8, Q) PRB pairs

· The blocking between localized ECCE and distributed ECCE can be reduced than Alt1. In addition, the blocking of PDSCH resources also can be reduced.
The difference between Alt 1 and Alt2 is only for case of N=8 and Q=4 as shown in Table 2. The frequency diversity order 8 has enough gain over frequency diversity order 4. If this frequency diversity order is not necessary, EPDCCH set size N=4 can be configured. For reducing the blocking of PDSCH, it is difficult to coordinate schedule only some PRB pair since the BD candidates are not localized on all PRB pair. In addition, power resources are not wasted if 8 PRB pair is used for EPDCCH. Therefore we propose alt1: an EPDCCH candidate are distributed over min(8, Q*L) PRB pairs for N=8.
Table 2. The frequency diversity order in Alt1 and Alt2
	N
	Q
	AL
	Diversity order 
Alt1
	Diversity order

Alt2

	2
	4, 8
	All ALs
	2
	2

	4
	4, 8
	All ALs
	4
	4

	8
	4
	AL>1
	8
	4

	8
	4
	AL=1
	4
	4

	8
	8
	All ALs
	8
	8


Proposal 3: For distributed transmission, an EPDCCH candidate are distributed over min(8, Q*L) PRB pairs
Aggregation level more than 1 is realized by which ECCE#

For distributed ECCE to EREG mapping, it was proposed that aggregation level more than 1 is realized by aggregating ECCEs within an EREG group first, then across EREG groups. When aggregating ECCEs are located within an EREG group first, the blocking between localized ECCE and distributed ECCE can be reduced in case of localized EPDCCH set and distributed EPDCCH set share the PRB pairs. It is possible that the distributed EPDCCH are located on only EREG group #0 {EREG#0,4,8,12}/ EREG group #1 {EREG#1,5,9,13} and localized ECCEs are located only EREG group #2{EREG#2,6,10,14}/ EREG group #3 {EREG#3,7,11,15} in same PRB pairs.
In order to support above aspect, one of remaining issue is aggregation level more than 1 is realized by which ECCE#. Two options are as follows.
· Option1: Aggregation level more than 1 is realized by consecutive ECCEs similar to PDCCH. ECCE number is allocated within an EREG group first, then across EREG groups.

· Option2: Aggregation level more than 1 is realized by something non-consecutive ECCEs. ECCE number is allocated across EREG groups first as same as localized ECCEs.
The option 2 has the merit in PUCCH blocking probability reduction between localized ECCEs and distributed ECCEs. When localized EPDCCH set and distributed EPDCCH set share the same PRB pairs, the different EREGs blocks indicate the same PUCCH resource in option1. Table 3 shows example of ECCE to EREG mapping on option1 and option2 in case Q=4 and N=4. ECCE#1 are mapped to EREG group #0 in option1 and ECCE#1 is mapped to EREG group #1 in option2. In localized ECCE, ECCE#1 are mapped to EREG group #1 as shown in Table 2. Therefore, in option1, EREG blocking and PUCCH blocking is not aligned. For both cases, up to aggregation level 4 is realized by same ECCE with same EREG group. In option1, one of AL 4 is realized by consecutive ECCE#8, 9, 10 and 11. In option 2, one of AL 4 is realized by non consecutive ECCE#2, 6, 10 and 14. For option2, some rule should be defined for that aggregation level more than 1 is realized by which ECCE# in case of N=2, 4, 8 and Q=4, 8.
Table 3. ECCE to EREG mapping for distributed transmission
            Option1                                                                                              Option2
	
	PRB #0
	PRB #1
	PRB #2
	PRB #3
	
	
	PRB #0
	PRB #1
	PRB #2
	PRB #3

	ECCE#
	EREG#
	EREG#
	EREG#
	EREG#
	
	ECCE#
	EREG#
	EREG#
	EREG#
	EREG#

	0
	0
	4
	8
	12
	
	0
	0
	4
	8
	12

	1
	12
	0
	4
	8
	
	1
	1
	5
	9
	13

	2
	8
	12
	0
	4
	
	2
	2
	6
	10
	14

	3
	4
	8
	12
	0
	
	3
	3
	7
	11
	15

	4
	1
	5
	9
	13
	
	4
	12
	0
	4
	8

	5
	13
	1
	5
	9
	
	5
	13
	1
	5
	9

	6
	9
	13
	1
	5
	
	6
	14
	2
	6
	10

	7
	5
	9
	13
	1
	
	7
	15
	3
	7
	11

	8
	2
	6
	10
	14
	
	8
	8
	12
	0
	4

	9
	14
	2
	6
	10
	
	9
	9
	13
	1
	5

	10
	10
	14
	2
	6
	
	10
	10
	14
	2
	6

	11
	6
	14
	10
	2
	
	11
	11
	15
	3
	7

	12
	3
	7
	11
	15
	
	12
	4
	8
	12
	0

	13
	15
	3
	7
	11
	
	13
	5
	9
	13
	1

	14
	11
	15
	3
	7
	
	14
	6
	10
	14
	2

	15
	7
	11
	15
	3
	
	15
	7
	11
	15
	3


Our preference is option 1 i.e. aggregation level more than 1 is realized by consecutive ECCEs. The issue of PUCCH blocking is solved by ARI and/or some kind of interleaved function for ECCE to PUCCH index described in [2]. The example of interleaver function for localized is follows.
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where neCCE, NPRB, and MeCCE denote the lowest eCCE index used for EPDCCH transmission, the number of PRB pairs within EPDCCH set, the number of eCCEs within a PRB pair, respectively, and the PUCCH resource index is determined by (ARI offset is not present here for simplicity). It is also useful between DL frequency index within EPDCCH set and UL PUCCH resource index order for localized, so that regardless of frequency position on DL localized EPDCCH transmission, UL PUCCH position can be compressed. 
Proposal 4: For distributed transmission, aggregation level more than 1 is realized by consecutive ECCEs similar to PDCCH. ECCE number is allocated within an EREG group first, then across EREG groups.
Equation for distributed ECCE to EREG mapping
The following equation for ECCE to EREG mapping is proposed in [3]. It satisfies our proposal 3 and 4 for distributed. We support this equation.
ECCE#k is mapped to EREG(floor(k/N) +j * M) in PBB pair (k+j*max(1, N/Q))mod N. 
j = 0, 1, …, Q-1.  

The calculation result is same as option1 in Table 3.
3 Summary

This contribution discussed the definition of ECCE and EREG. Based on the discussion the following proposals are made: 
Proposal 1: For localized transmission, aggregation level more than 1 is realized by aggregating ECCEs across eREG groups first then across PRB pairs

Proposal 2: For localized transmission, ECCE#k is mapped to EREG((k mod M)+i * M) in PBB pair floor(k/M). i = 0, 1, …, Q-1.

Proposal 3: For distributed transmission, an EPDCCH candidate are distributed over min(8, Q*L) PRB pairs

Proposal 4: For distributed transmission, aggregation level more than 1 is realized by consecutive ECCEs similar to PDCCH. ECCE number is allocated within an EREG group first, then across EREG groups.
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