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1 Introduction
In previous meeting, eCCE/eREG to RE mapping was discussed [1-3]. This contribution gives more discussion on remaining details of eCCE/eREG to RE mapping.
2  Discussion
It is agreed in RAN1 #70bis:
· 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
The details of eCCE to eREG will be further decided with consideration of L-eCCE to eREG Mapping and D-eCCE to eREG Mapping. L-eCCE and D-eCCE to eREG should be considered with several aspects to cover previous agreement, multiplexing efficiency.
1) A distributed ePDCCH to be mapped to all PRBs of one ePDCCH set
In RAN1 #70, it is agreed to “A distributed ePDCCH is transmitted using the N PRB pairs in an ePDCCH set”. Also, based on the agreed eREG definition, D-eCCE should be distributed based eREG. Then, for some large ePDCCH set, aggregation level should be restricted. 
For cases of N=8 and eCCE formed by 4 eREGs, only aggregation level>=2 should be used, this should be applied in the search space design. However, it also affect the D-eCCE mapping, since it have to be ensured that 2 consecutive D-eCCE mapped into different PRBs. Specifically, this means the D-eCCE should be indexed in that manner. And, the 2 consecutive D-eCCE should follow eREG group #0 -> 2 -> 1 -> 3, to take same principle used in the above agreement.
For case of eCCE formed by 8 eREGs, distributiong among all N PRBs is always ensured.
 2)D-eCCE  to eREG mapping

The eREG #{0,4,8,12} with increasing order of PRB index is preferred for simplicity than eREG #(0,8,4,12}.
3)L-ePDCCH and D-ePDCCH multiplexed in same ePDCCH set 
For lower blocking probability, consecutive D-eCCEs should be mapped into minimum number of L-eCCE as possible. Some examples is shown in the Annex. 
· L-eCCE to eREG Mapping
The L-eCCE index is denoted as eCCEIndex, which is a index within ePDCCH set.  N is the number of PRBs in ePDCCH set. Number of eCCE in one PRB is M.Number of eREG in one eCCE is Q.The PRB is indexed with order of  frequency.  All the eREG in the ePDCCH set is indexed as:
          eREG(eCCEIndex，eREGIndex)= floor(eCCEIndex/N)* 16 + mod(eCCEIndex, M) + M * eREGIndex;

The eCCE index can derive the PRB index and eREG index in that PRB as: 
        PRBIndex = floor(eCCEIndex/N)；

        eREGIndexInPRB = mod(eCCEIndex, M) + M * eREGIndex;

eREGIndex = {0 to Q- 1},  eCCEIndex = {0 to N*M-1}.
· D-eCCE to eREG Mapping
The D-eCCE index is also denoted as eCCEIndex as L-eCCE.  And  all other notation is reused from L-eCCE. Then, the eREG in the ePDCCH set is indexed as:
          eREG(eCCEIndex，eREGIndex)= mod(16 * eREGIndex + mod(floor(eCCEIndex / N) + mod(eCCEIndex,N) * M + eREGIndex * M,16),16 * N);
The D-eCCE index can derive the  PRB index and eREG index in that PRB as:

         PRBIndex = mod(eREGIndex，N)；

        eREGIndexInPRB = mod(floor(eCCEIndex / N) + mod(eCCEIndex,N) * M + eREGIndex * M,16)；

eREGIndex = {0 to Q - 1},  eCCEIndex = {0 to N*M-1}.
When N = 8 and Q = 4, the D-eCCE index can derive the  PRB index and eREG index in that PRB as:

PRBIndex = eREGIndex + 4 * mod(eCCEIndex,2)；

            ReCCEIndex = floor(eCCEIndex / 2) + mod(eCCEIndex,2) * 8;
            eREGIndexInPRB = mod(floor(ReCCEIndex / 4) + ReCCEIndex * M + eREGIndex * M,16);
The general formula is that:
 PRBIndex = mod（eREGIndex,N）+ floor((N*M -1) /16) * M * mod(eCCEIndex,(N/M))；

           X = N / ceil((N*M) / 16);

ReCCEIndex = (floor(eCCEIndex /2) + mod(eCCEIndex,2) *8) * floor((N*M-1) /16) + eCCEIndex * ceil((32-N* M),32);

        eREGIndexInPRB = mod(floor(ReCCEIndex/X) + mod(ReCCEIndex,N)*M + eREGIndex*M,16)；
3 Conclusion

In this contribution, we discussed remaining details of ECCE/EREG to RE mapping. We propose: 
· The eCCE index can derive the  PRB index and eREG index in that PRB as: 
        PRBIndex = floor(eCCEIndex/N)；

        eREGIndexInPRB = mod(eCCEIndex,M) + M * eREGIndex;

eREGIndex = {0 to Q-1},  eCCEIndex = {0 to N*M-1}.
· The D-eCCE index can derive the  PRB index and eREG index in that PRB as:
 PRBIndex = mod（eREGIndex,N）+ floor((N* M -1) /16) * M * mod(eCCEIndex,(N/ M))；

          X = N / ceil((N*M) / 16);

ReCCEIndex = (floor(eCCEIndex /2) + mod(eCCEIndex,2) *8) * floor((N*M-1) /16) + eCCEIndex * ceil((32-N* M),32);

        eREGIndexInPRB = mod(floor(ReCCEIndex/X) + mod(ReCCEIndex,N)*M + eREGIndex*M,16)；
eREGIndex = {0 to Q - 1},  eCCEIndex = {0 to N*M-1}.
4 References
[1]   R1-124199
Remaining details of eCCE to eREG mapping ZTE
[2]   R1-124149
Mapping of ePDCCH to RE
  Ericsson, ST-Ericsson  
[3]   R1-124238
eCCE/eREG to RE mapping for EPDCCH
 Panasonic
Annex
D-eCCE to eREG mapping，
 Table1  N=2   Q=8
	
	PRB#0
	PRB#1

	D-eCCE#0
	0
	2

	
	4
	6

	
	8
	10

	
	12
	14

	D-eCCE#1
	2
	4

	
	6
	8

	
	10
	12

	
	14
	0

	D-eCCE#2
	1
	3

	
	5
	7

	
	9
	11

	
	13
	15

	D-eCCE#3
	3
	5

	
	7
	9

	
	11
	13

	
	15
	1


Table2   N=2   Q=4
	
	PRB#0
	PRB#1

	D-eCCE#0
	0
	4

	
	8
	12

	D-eCCE#1
	4
	8

	
	12
	0

	D-eCCE#2
	1
	5

	
	9
	13

	D-eCCE#3
	5
	9

	
	13
	1

	D-eCCE#4
	2
	6

	
	10
	14

	D-eCCE#5
	6
	10

	
	14
	2

	D-eCCE#6
	3
	7

	
	11
	15

	D-eCCE#7
	7
	11

	
	15
	3


Table3      N=4   Q=8
	
	PRB#0
	PRB#1
	PRB#2
	PRB#3

	D-eCCE#0
	0
	2
	4
	6

	
	8
	10
	12
	14

	D-eCCE#1
	2
	4
	6
	8

	
	10
	12
	14
	0

	D-eCCE#2
	4
	6
	8
	10

	
	12
	14
	0
	2

	D-eCCE#3
	6
	8
	10
	12

	
	14
	0
	2
	4

	D-eCCE#4
	1
	3
	5
	7

	
	9
	11
	13
	15

	D-eCCE#5
	3
	5
	7
	9

	
	11
	13
	15
	1

	D-eCCE#6
	5
	7
	9
	11

	
	13
	15
	1
	3

	D-eCCE#7
	7
	9
	11
	13

	
	15
	1
	3
	5


Table4      N=4   Q=4

	
	PRB#0
	PRB#1
	PRB#2
	PRB#3

	D-eCCE#0
	0
	4
	8
	12

	D-eCCE#1
	4
	8
	12
	0

	D-eCCE#2
	8
	12
	0
	4

	D-eCCE#3
	12
	0
	4
	8

	D-eCCE#4
	1
	5
	9
	13

	D-eCCE#5
	5
	9
	13
	1

	D-eCCE#6
	9
	13
	1
	5

	D-eCCE#7
	13
	1
	5
	9

	D-eCCE#8
	2
	6
	10
	14

	D-eCCE#9
	6
	10
	14
	2

	D-eCCE#10
	10
	14
	2
	6

	D-eCCE#11
	14
	2
	6
	10

	D-eCCE#12
	3
	7
	11
	15

	D-eCCE#13
	7
	11
	15
	3

	D-eCCE#14
	11
	15
	3
	7

	D-eCCE#15
	15
	3
	7
	11


Table5   N=8   Q=8
	
	PRB#0
	PRB#1
	PRB#2
	PRB#3
	PRB#4
	PRB#5
	PRB#6
	PRB#7

	D-eCCE#0
	0
	2
	4
	6
	8
	10
	12
	14

	D-eCCE#1
	2
	4
	6
	8
	10
	12
	14
	0

	D-eCCE#2
	4
	6
	8
	10
	12
	14
	0
	2

	D-eCCE#3
	6
	8
	10
	12
	14
	0
	2
	4

	D-eCCE#4
	8
	10
	12
	14
	0
	2
	4
	6

	D-eCCE#5
	10
	12
	14
	0
	2
	4
	6
	8

	D-eCCE#6
	12
	14
	0
	2
	4
	6
	8
	10

	D-eCCE#7
	14
	0
	2
	4
	6
	8
	10
	12

	D-eCCE#8
	1
	3
	5
	7
	9
	11
	13
	15

	D-eCCE#9
	3
	5
	7
	9
	11
	13
	15
	1

	D-eCCE#10
	5
	7
	9
	11
	13
	15
	1
	3

	D-eCCE#11
	7
	9
	11
	13
	15
	1
	3
	5

	D-eCCE#12
	9
	11
	13
	15
	1
	3
	5
	7

	D-eCCE#13
	11
	13
	15
	1
	3
	5
	7
	9

	D-eCCE#14
	13
	15
	1
	3
	5
	7
	9
	11

	D-eCCE#15
	15
	1
	3
	5
	7
	9
	11
	13


Table6   N=8   Q=4

	
	PRB#0
	PRB#1
	PRB#2
	PRB#3
	PRB#4
	PRB#5
	PRB#6
	PRB#7

	D-eCCE#0
	0
	4
	8
	12
	
	
	
	

	D-eCCE#1
	
	
	
	
	2
	6
	10
	14

	D-eCCE#2
	4
	8
	12
	0
	
	
	
	

	D-eCCE#3
	
	
	
	
	6
	10
	14
	2

	D-eCCE#4
	8
	12
	0
	4
	
	
	
	

	D-eCCE#5
	
	
	
	
	10
	14
	2
	6

	D-eCCE#6
	12
	0
	4
	8
	
	
	
	

	D-eCCE#7
	
	
	
	
	14
	2
	6
	10

	D-eCCE#8
	1
	5
	9
	13
	
	
	
	

	D-eCCE#9
	
	
	
	
	3
	7
	11
	15

	D-eCCE#10
	5
	9
	13
	1
	
	
	
	

	D-eCCE#11
	
	
	
	
	7
	11
	15
	3

	D-eCCE#12
	9
	13
	1
	5
	
	
	
	

	D-eCCE#13
	
	
	
	
	11
	15
	3
	7

	D-eCCE#14
	13
	1
	5
	9
	
	
	
	

	D-eCCE#15
	
	
	
	
	15
	3
	7
	11

	D-eCCE#16
	2
	6
	10
	14
	
	
	
	

	D-eCCE#17
	
	
	
	
	4
	8
	12
	0

	D-eCCE#18
	6
	10
	14
	2
	
	
	
	

	D-eCCE#19
	
	
	
	
	8
	12
	0
	4

	D-eCCE#20
	10
	14
	2
	6
	
	
	
	

	D-eCCE#21
	
	
	
	
	12
	0
	4
	8

	D-eCCE#22
	14
	2
	6
	10
	
	
	
	

	D-eCCE#23
	
	
	
	
	0
	4
	8
	12

	D-eCCE#24
	3
	7
	11
	15
	
	
	
	

	D-eCCE#25
	
	
	
	
	5
	9
	13
	1

	D-eCCE#26
	7
	11
	15
	3
	
	
	
	

	D-eCCE#27
	
	
	
	
	9
	13
	1
	5

	D-eCCE#28
	11
	15
	3
	7
	
	
	
	

	D-eCCE#29
	
	
	
	
	13
	1
	5
	9

	D-eCCE#30
	15
	3
	7
	11
	
	
	
	

	D-eCCE#31
	
	
	
	
	1
	5
	9
	13


6

