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1   Introduction
In RAN1#70bis (San Diego), the following was agreed with regards to EREG and ECCE mapping. 

· 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

In this document, we discuss the ECCE-to-EREG mapping, localized ECCE formation and distributed ECCE formation. A companion contribution discusses how EREG and ECCE are incorporated into the EPDCCH search space [2]. 
2   Discussion

EREG/ECCE design was considered in several contribution in previous RAN1 meetings (e.g. [3][4][5][6]). In Rel-8/9/10, the Rel-8 subblock interleaver rearranges the QPSK-quadruplets of a CCE prior to physical REG mapping. For EPDCCH, the same technique can be used although the EREG size is 9 REs (i.e. 9 QPSK- symbols), and an ECCE contains either 4 or 8 EREGs. A PRB pair contains 16 EREGs.

Following principles are used for ECCE-to-EREG mapping design in this contribution – 

1. The EREGs in a EPDCCH-PRB-set are enumerated in the increasing order of RB index (logical or physical), i.e. an m-th PRB pair of a EPDCCH-PRB-set contains EREGs {16m, 16m+1,….,16m+15}. An EREG with index i corresponds to an EREG -index of
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2. An ECCE is formed by grouping EREGs that have different EREG-index with their respective PRB pairs. 

a. A preferred EREG-grouping to form an ECCE (formed from 4 EREGs) is to choose four EREGs from one of the following four - {EREG#0,4,8,12 }, {EREG#1,5,9,13},{EREG#2,6,10,14},{ EREG#3,7,11,15}. This provides balanced performance [3]. Similar principle is applicable when ECCE is formed from 8 EREGs. ​{EREG#0,4,8,12, 2,6,10,14 }, {EREG#1,5,9,13,3,7,11,15}

3. For localized transmission (or localized ECCE): 

a. the EREGs forming an ECCE are from the same PRB-pair,

b. the ECCEs are enumerated in increasing order of RB index (logical or physical) i.e. a PRB-pair-m contains ECCE-{4m,4m+1,4m+2,4m+3}, m = 0,1..N-1, where N is the number of PRB pairs in the EPDCCH-PRB-set for 4 ECCEs per PRB-pair case.  

4. For distributed transmission (or distributed ECCE):

a. each EREG within an ECCE is from different PRB-pair,

b. the ECCEs are enumerated according to the ECCE-to-EREG mapping interleaver described further below. 

If the Rel-8 subblock interleaver (with cell ID set to 0) is used, then it can be seen that for each distributed ECCE, the four EREGs forming that ECCE have the same EREG-index within their respective PRB pairs (e.g. {EREG0, EREG0, EREG0, EREG0}) which is not desirable. It is possible to adapt the sub-block interleaver by adding an additional step that enables the EREGs of an ECCE to have different EREG-index within their respective PRB pairs. However a simpler ECCE-to-REG mapping is proposed below taking the above mentioned principles into account. 

3    ECCE-to-EREG Mapping

First, some notation is introduced to set-up the mapping; the number of EREGs/ECCEs in an ECCE/PRB-pair/ EPDCCH-PRB-set is shown in the following.  Denote by 
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 the number of PRB-pairs in a EPDCCH-PRB-set. The EREGs in a EPDCCH-PRB-set are enumerated in the increasing order of RB index (logical or physical), i.e. an m-th PRB pair of a EPDCCH-PRB-set contains EREGs {16m, 16m+1,….,16m+15}. 
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The EREGs associated with the x-th ECCE (ECCEx, x = 
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· P is a permutation given by the following. 

	Inter-column permutation pattern
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	< 0, 4 ,8 ,12 , 2 ,6 ,10 ,14 , 1 ,5 ,9 ,13 ,3 ,7 ,11 ,15 >


The detailed description of the ECCE-to-EREG mapping is shown in the Appendix. The inter-column permutation P ensures the EREGs of an ECCE have different EREG-index within their respective PRB pairs. The ECCE-type variable TECCE ensures that for localized ECCE, the EREGs are from the same PRB pair, and that for distributed ECCEs, the EREGs of a distributed ECCE are from different PRB pairs. 

The ECCE-to-EREG mapping ensures:

· A localized ECCE is mapped to one PRB pair,

· The EREGs forming a distributed ECCE are from different PRB pairs as much as possible 

· For distributed ECCEs and for aggregation levels greater than 1, consecutive ECCEs occupy different set of PRB-pairs and thus the EREGs forming a distributed aggregation level 2 or higher candidate are from different PRB pairs as much as possible, i.e. the design in this paper proposes to prioritize frequency diversity gain (i.e. Alt 1 from [6]) for distributed mapping over reduction of blocking between localized and distributed ECCEs

The resulting ECCE mapping is shown in Figure 1 for 
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Figure 1. ECCE-to-EREG mapping for 
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Figure 2. ECCE-to-EREG mapping for 
[image: image24.wmf]set

N

=4, 
[image: image25.wmf]ECCE

EREG

N

=4(total 16 ECCEs). Localized mapping is shown on top and Distributed mapping is on the bottom.
[image: image26.emf]Localized ECCE Index

0 4 8 12 2 6 10 14 1 5 9 13 3 7 11 15 L0 L1 L2 L3

16 20 24 28 18 22 26 30 17 21 25 29 19 23 27 31 L4 L5 L6 L7

32 36 40 44 34 38 42 46 33 37 41 45 35 39 43 47 L8 L9 L10 L11

48 52 56 60 50 54 58 62 49 53 57 61 51 55 59 63 L12 L13 L14 L15

64 68 72 76 66 70 74 78 65 69 73 77 67 71 75 79 L16 L17 L18 L19

80 84 88 92 82 86 90 94 81 85 89 93 83 87 91 95 L20 L21 L22 L23

96 100104 108 98102106110 97 101105 109 99103107111 L24 L25 L26 L27

112 116120 124114118122126113 117121 125115119123127 L28 L29 L30 L31

RB0 RB1 RB2 RB3 RB4 RB5 RB6 RB7

Distributed ECCE Index

0 20 40 60 66 86106126 1 21 41 61 67 87107127 D0 D1 D2 D3

16 36 56 76 82102122 14 17 37 57 77 83103123 15 D4 D5 D6 D7

32 52 72 92 98118 10 30 33 53 73 93 99119 11 31 D8 D9 D10D11

48 68 88 108114 6 26 46 49 69 89 109115 7 27 47 D12D13D14D15

64 84104 124 2 22 42 62 65 85105 125 3 23 43 63 D16D17D18D19

80 100120 12 18 38 58 78 81 101121 13 19 39 59 79 D20D21D22D23

96 116 8 28 34 54 74 94 97 117 9 29 35 55 75 95 D24D25D26D27

112 4 24 44 50 70 90110113 5 25 45 51 71 91111 D28D29D30D31


Figure 3. ECCE-to-EREG mapping for 
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4 Conclusions 



An ECCE-to-EREG mapping is proposed which has the following advantages:
1. An ECCE is formed by grouping EREGs that have different EREG-index with their respective PRB pairs. 

a. A preferred EREG-grouping is enabled using a length-16 permutation P(.) )which is equivalent to the preferred EREG grouping agreed in RAN1#70bis.

b. P= < 0, 4 ,8 ,12 , 2 ,6 ,10 ,14 , 1 ,5 ,9 ,13 ,3 ,7 ,11 ,15 >
2. A localized ECCE is mapped to one PRB pair.

3. The EREGs forming a distributed ECCE are from different PRB pairs as much as possible.

4. For distributed ECCEs and for aggregation levels greater than 1, consecutive ECCEs occupy different set of PRB-pairs as much as possible and thus the EREGs forming a distributed aggregation level 2 or higher candidate are from different PRB pairs as much as possible, i.e. the design in this paper prioritizes frequency diversity gain for distributed mapping over reduction of blocking between localized and distributed ECCEs. 

Proposal: It is proposed that the above principles for ECCE-to EREG mapping be agreed with EREGs associated with the ECCEx given by (Eq 1 in Section 3) for both localized and distributed ECCEs:

[image: image29.wmf](

)

(

)

(

)

{

}

tot

EREG

k

ECCE

k

k

N

reg

P

T

reg

cce

EREG

,

16

mod

x

ECCE

+

×

+

×

=

 
5 References 



[1] R1-122669 – “Distributed EPDCCH with Random Precoding”, Motorola Mobility, RAN1#69, Prague Czech Republic, May 2012.

[2] R1-125146 – “Remaining details of EPDCCH Search Space”, Motorola Mobility, RAN1#71, New Orleans USA, Nov 2012.

[3] R1- R1-123789,”Further details on eREG and eCCE”, Motorola Mobility, RAN1#70, Renesas , QingDao, China, Aug 2012.

[4] R1-123584, “eREG resource mapping” RAN1#70, Renesas , QingDao, China, Aug 2012.

[5] R1-123650, “eREG/eCCE definition for ePDCCH”, Nokia, NSN, RAN1#70, Renesas , QingDao, China, Aug 2012

[6] R1-124637, “WF on eREG Mapping”, Panasonic, Sharp, Intel, Alcatel Lucent, ALU-SB, InterDigital, New PostCom, LG, Samsung, Motorola Mobility, RAN1#70bis, San Diego USA, Oct 2012.
Appendix A
ECCE-to-EREG mapping for Localized transmission (See also Figure 4): 
1. Form a RxC matrix where C is the number of REGs per PRB-pair (i.e., C=16), and R is the number of PRB-pairs in the EPDCCH-PRB-set. 

2. Fill the matrix with integers 0 to RxC-1, in a row-wise fashion.

3. Permute the columns of the matrix using a permutation P = [0 4 8 12 2 6 10 14 1 5 9 13 3 7 11 15]. This ensures the EREG grouped to form an ECCE have different EREG-index within their respective PRB pairs.

4. Read the matrix entries four-entries (or eight when ECCE has 8 EREGs) at a time in a row-wise fashion to define localized-ECCEs. 

a. Localized ECCE-0 (denoted by L0) is formed by grouping EREGs 0,4,8,12. These four EREGs are in RB0 and the EREGs have EREG-indices 0, 4, 8, 12, within their respective PRB pairs.

b. Localized ECCE-10 (denoted by L10) is formed by grouping EREGs 33,37,41,45. These four EREGs are in RB2 and the EREGs have EREG-indices 1,5,9,13, within their respective PRB pairs.
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Figure 5. Localized ECCE-to-EREG Mapping, for EPDCCH-PRB-set size =4, N_ECCE=16, one ECCE=4 EREGs.

ECCE-to-EREG mapping for Distributed transmission (See also Figure 5): 

1. Form a RxC matrix where C is the number of REGs per PRB-pair (i.e. C=16), and R is the number of PRB-pairs in the EPDCCH-PRB-set. 

2. Fill the matrix with integers 0 to RxC-1, in a row-wise fashion.

3. Permute the columns of the matrix using a permutation P = [0 4 8 12 2 6 10 14 1 5 9 13 3 7 11 15]. This ensures the EREG grouped to form an ECCE have different EREG-index within their respective PRB pairs. 
4. Circular shift each column by the column index (i=0, 1, 2, …15). This ensures each EREG in an ECCE is from a different PRB.

5. Read the matrix entries four-entries (or eight when ECCE has 8 EREGs) at a time in a row-wise fashion to define distributed-ECCEs. 

a. ECCE-0 (denoted by D0) is formed by grouping EREGs 0,20,40,60. These four EREGs are in RB0,RB1,RB2,RB3, respectively  and the EREGs have EREG-indices 0, 4, 8, 12, within their respective PRB pairs.

b. ECCE-10 (denoted by D10) is formed by grouping EREGs 33,53,9,29. These four EREGs are in RB2,RB3,RB0,RB1, repectively and the EREGs have EREG-indices 1,5,9,13, within their respective PRB pairs.
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Figure 6. Distributed ECCE-to-EREG Mapping, for EPDCCH-PRB-set size =4, N_ECCE=16, one ECCE=4 EREGs. 
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