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1 Introduction 

In RAN1 #70bis, the following agreements were reached regarding the ECCE/EREG to RE mapping for EPDCCH:

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.
This contribution addresses the indexing of localized and distributed ECCEs. Our view on search space design is provided in a companion contribution [1].
2 ECCE Indexing
It was agreed that for both localized and distributed ECCEs, one ECCE consists of:

· One of the following groups of EREGs: {0, 4, 8, 12}, {1, 5, 9, 13}, {2, 6, 10, 14}, or {3, 7, 11, 15}, if one ECCE consists of 4 EREGs.
· One of the following groups of EREGs: {0, 2, 4, 6, 8, 10, 12, 14}, {1, 3, 5, 7, 9, 11, 13, 15}, if one ECCE consists of 8 EREGs.

It was also agreed that in the distributed case the EREGs are located as much as possible in different PRB pairs. The remaining issues include exactly which PRB pairs these EREGs come from and how the ECCEs are indexed. An ECCE indexing scheme is necessary to facilitate the search space design as well as the PUCCH resource allocation.
Let us first introduce some notations:

· N: Number of EREGs per ECCE, 4 or 8.

· P: Number of PRB pairs within a EPDCCH resource set. The PRB pairs are indexed from 0 to P-1.
· D: Number of ECCEs per PRB pair. D = 16/N.
· M: Total number of ECCEs (localized or distributed) in the set. M = 16 P/N.

Localized ECCE
For localized ECCEs, each ECCE consists of EREGs within the same PRB pair. When higher ALs are used, it is desirable to aggregate the ECCEs from the same PRB pair first in order to preserve the localized nature and avoid using too many PRB pairs. At the same time, it is highly desirable to aggregate ECCEs with consecutive indices for AL > 1 considering that lowest ECCE index plus 1 is widely used in PUCCH resource allocation (especially when PUCCH transmit diversity is used). The most straightforward way to achieve both goals is to have the localized ECCEs sequentially indexed first within the PRB pair and then across PRB pairs.

To be more specific, ECCE m (m = 0, …, M-1) within the EPDCCH set consists of the EREGs with index 
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· Proposal 1: Localized ECCEs are indexed sequentially first within a PRB pair and then across PRB pairs.

Distributed ECCE
In terms of how to index these distributed ECCEs, there are a few considerations:

· Similar to what was discussed for localized ECCEs, it is highly desirable to aggregate ECCEs with consecutive indices for AL > 1 in order to best accommodate the existing PUCCH resource allocation schemes.

· When deciding which ECCEs are aggregated for AL > 1, we should aim to reduce the number of localized ECCEs being blocked when localized and distributed transmissions are multiplexed in the same PRB pairs.
· As an example, for the indexing scheme in Table 1, when the distributed ECCE with index 0 is used, it blocks the localized ECCEs {0, 4, 8, 12} from being used. For AL = 2, distributed ECCEs 0 and 1 are used, but it does not increase the number of localized ECCEs being blocked (still only localized ECCEs {0, 4, 8, 12}). It is similar for AL = 4. This may not be true if consecutive ECCEs with a different indexing scheme are used.
· When P = 8 and N = 4, it is desirable to have distributed transmission with AL > 1 occur across all 8 PRB pairs in order to maximize the frequency diversity gain.
With these considerations in mind, we propose the indexing scheme as shown in Table 1 to Table 6 for different values of P and N. The indexing scheme can also be summarized as in the following formula:
· If P >= N, EREG n (n = 0, …, N-1) in distributed ECCE m (m = 0, …, M-1) is given by EREG k in the PRB pair p, where 
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· If P < N, EREG n (n = 0, …, N-1) in distributed ECCE m (m = 0, …, M-1) is given by EREG k in the PRB pair p, where 
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Comparing this indexing scheme to option 2 proposed in [2], the EREG grouping is kept the same, but the ECCE indexing is different. Option 2 in [2] has the advantage of automatically resolving the PUCCH resource conflict between the localized and distributed ECCEs when the two types are multiplexed together. However, for AL > 1, it cannot aggregate consecutively indexed ECCEs if we want to reduce the blocking towards the localized ECCEs. Therefore this indexing scheme is chosen over option 2 in [2].
· Proposal 2: Use the indexing scheme in Table 1 to Table 6 for distributed ECCEs.
Table 1 ECCE/EREG mapping for P=4 and N=4
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed

	0
	0/0, 0/4, 0/8, 0/12
	0/0, 1/4, 2/8, 3/12

	1
	0/1, 0/5, 0/9, 0/13
	0/4, 1/8, 2/12, 3/0

	2
	0/2, 0/6, 0/10, 0/14
	0/8, 1/12, 2/0, 3/4

	3
	0/3, 0/7, 0/11, 0/15
	0/12, 1/0, 2/4, 3/8

	4
	1/0, 1/4, 1/8, 1/12
	0/1, 1/5, 2/9, 3/13

	5
	1/1, 1/5, 1/9, 1/13
	0/5, 1/9, 2/13, 3/1

	6
	1/2, 1/6, 1/10, 1/14
	0/9, 1/13, 2/1, 3/5

	7
	1/3, 1/7, 1/11, 1/15
	0/13, 1/1, 2/5, 3/9

	8
	2/0, 2/4, 2/8, 2/12
	0/2, 1/6, 2/10, 3/14

	9
	2/1, 2/5, 2/9, 2/13
	0/6, 1/10, 2/14, 3/2

	10
	2/2, 2/6, 2/10, 2/14
	0/10, 1/14, 2/2, 3/6

	11
	2/3, 2/7, 2/11, 2/15
	0/14, 1/2, 2/6, 3/10

	12
	3/0, 3/4, 3/8, 3/12
	0/3, 1/7, 2/11, 3/15

	13
	3/1, 3/5, 3/9, 3/13
	0/7, 1/11, 2/15, 3/3

	14
	3/2, 3/6, 3/10, 3/14
	0/11, 1/15, 2/3, 3/7

	15
	3/3, 3/7, 3/11, 3/15
	0/15, 1/3, 2/7, 3/11


Table 2 ECCE/EREG mapping for P=8 and N=8
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed

	0
	0/0, 0/2, 0/4, 0/6, 0/8, 0/10, 0/12, 0/14
	0/0, 1/2, 2/4, 3/6, 4/8, 5/10, 6/12, 7/14

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

	2
	1/0, 1/2, 1/4, 1/6, 1/8, 1/10, 1/12, 1/14
	0/4, 1/6, 2/8, 3/10, 4/12, 5/14, 6/0, 7/2

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

	4
	2/0, 2/2, 2/4, 2/6, 2/8, 2/10, 2/12, 2/14
	0/8, 1/10, 2/12, 3/14, 4/0, 5/2, 6/4, 7/6

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

	6
	3/0, 3/2, 3/4, 3/6, 3/8, 3/10, 3/12, 3/14
	0/12, 1/14, 2/0, 3/2, 4/4, 5/6, 6/8, 7/10

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

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

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

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

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

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

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

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

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


Table 3 ECCE/EREG mapping for P=8 and N=4
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed

	0
	0/0, 0/4, 0/8, 0/12
	0/0, 2/4, 4/8, 6/12

	1
	0/1, 0/5, 0/9, 0/13
	1/0, 3/4, 5/8, 7/12

	2
	0/2, 0/6, 0/10, 0/14
	0/4, 2/8, 4/12, 6/0

	3
	0/3, 0/7, 0/11, 0/15
	1/4, 3/8, 5/12, 7/0

	4
	1/0, 1/4, 1/8, 1/12
	0/8, 2/12, 4/0, 6/4

	5
	1/1, 1/5, 1/9, 1/13
	1/8, 3/12, 5/0, 7/4

	6
	1/2, 1/6, 1/10, 1/14
	0/12, 2/0, 4/4, 6/8

	7
	1/3, 1/7, 1/11, 1/15
	1/12, 3/0, 5/4, 7/8

	8
	2/0, 2/4, 2/8, 2/12
	0/1, 2/5, 4/9, 6/13

	9
	2/1, 2/5, 2/9, 2/13
	1/1, 3/5, 5/9, 7/13

	10
	2/2, 2/6, 2/10, 2/14
	0/5, 2/9, 4/13, 6/1

	11
	2/3, 2/7, 2/11, 2/15
	1/5, 3/9, 5/13, 7/1

	12
	3/0, 3/4, 3/8, 3/12
	0/9, 2/13, 4/1, 6/5

	13
	3/1, 3/5, 3/9, 3/13
	1/9, 3/13, 5/1, 7/5

	14
	3/2, 3/6, 3/10, 3/14
	0/13, 2/1, 4/5, 6/9

	15
	3/3, 3/7, 3/11, 3/15
	1/13, 3/1, 5/5, 7/9

	16
	4/0, 4/4, 4/8, 4/12
	0/2, 2/6, 4/10, 6/14

	17
	4/1, 4/5, 4/9, 4/13
	1/2, 3/6, 5/10, 7/14

	18
	4/2, 4/6, 4/10, 4/14
	0/6, 2/10, 4/14, 6/2

	19
	4/3, 4/7, 4/11, 4/15
	1/6, 3/10, 5/14, 7/2

	20
	5/0, 5/4, 5/8, 5/12
	0/10, 2/14, 4/2, 6/6

	21
	5/1, 5/5, 5/9, 5/13
	1/10, 3/14, 5/2, 7/6

	22
	5/2, 5/6, 5/10, 5/14
	0/14, 2/2, 4/6, 6/10

	23
	5/3, 5/7, 5/11, 5/15
	1/14, 3/2, 5/6, 7/10

	24
	6/0, 6/4, 6/8, 6/12
	0/3, 2/7, 4/11, 6/15

	25
	6/1, 6/5, 6/9, 6/13
	1/3, 3/7, 5/11, 7/15

	26
	6/2, 6/6, 6/10, 6/14
	0/7, 2/11, 4/15, 6/3

	27
	6/3, 6/7, 6/11, 6/15
	1/7, 3/11, 5/15, 7/3

	28
	7/0, 7/4, 7/8, 7/12
	0/11, 2/15, 4/3, 6/7

	29
	7/1, 7/5, 7/9, 7/13
	1/11, 3/15, 5/3, 7/7

	30
	7/2, 7/6, 7/10, 7/14
	0/15, 2/3, 4/7, 6/11

	31
	7/3, 7/7, 7/11, 7/15
	1/15, 3/3, 5/7, 7/11


Table 4 ECCE/EREG mapping for P=2 and N=4
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed

	0
	0/0, 0/4, 0/8, 0/12
	0/0, 1/4, 0/8, 1/12

	1
	0/1, 0/5, 0/9, 0/13
	0/4, 1/8, 0/12, 1/0

	2
	0/2, 0/6, 0/10, 0/14
	0/1, 1/5, 0/9, 1/13

	3
	0/3, 0/7, 0/11, 0/15
	0/5, 1/9, 0/13, 1/1

	4
	1/0, 1/4, 1/8, 1/12
	0/2, 1/6, 0/10, 1/14

	5
	1/1, 1/5, 1/9, 1/13
	0/6, 1/10, 0/14, 1/2

	6
	1/2, 1/6, 1/10, 1/14
	0/3, 1/7, 0/11, 1/15

	7
	1/3, 1/7, 1/11, 1/15
	0/7, 1/11, 0/15, 1/3


Table 5 ECCE/EREG mapping for P=2 and N=8
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed

	0
	0/0, 0/2, 0/4, 0/6, 0/8, 0/10, 0/12, 0/14
	0/0, 1/2, 0/4, 1/6, 0/8, 1/10, 0/12, 1/14

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

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

	3
	1/1, 1/3, 1/5, 1/7, 1/9, 1/11, 1/13, 1/15
	0/3, 1/5, 0/7, 1/9, 0/11, 1/13, 0/15, 1/1


Table 6 ECCE/EREG mapping for P=4 and N=8
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed

	0
	0/0, 0/2, 0/4, 0/6, 0/8, 0/10, 0/12, 0/14
	0/0, 1/2, 2/4, 3/6, 0/8, 1/10, 2/12, 3/14

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

	2
	1/0, 1/2, 1/4, 1/6, 1/8, 1/10, 1/12, 1/14
	0/4, 1/6, 2/8, 3/10, 0/12, 1/14, 2/0, 3/2

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

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

	5
	2/1, 2/3, 2/5, 2/7, 2/9, 2/11, 2/13, 2/15
	0/3, 1/5, 2/7, 3/9, 0/11, 1/13, 2/15, 3/1

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

	7
	3/1, 3/3, 3/5, 3/7, 3/9, 3/11, 3/13, 3/15
	0/7, 1/9, 2/11, 3/13, 0/15, 1/1, 2/3, 3/5


3 Conclusions
In this contribution, we discussed the remaining details of ECCE/EREG to RE mapping for EPDCCH, we propose that: 
· Proposal 1: Localized ECCEs are indexed sequentially first within a PRB pair and then across PRB pairs.

· Proposal 2: Use the indexing scheme in Table 1 to Table 6 for distributed ECCEs.
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