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1   Introduction
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 last RAN1 meeting (e.g. [3][4][5]). 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 depending on the Xthresh value. 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. Cell-specific parameterization in the ECCE-to-EREG mapping is facilitated by including a cell-specific (or signalled) parameter.  The cell-specific parameter may be used in one of many ways during the ECCE-to-EREG mapping (e.g. cell-specific column permutation, cyclic shifting, offset etc.). With no parameterization, two cells using the same PRB-pair may either completely collide or not on an ECCE depending on whether that ECCE is used.
3. 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 - {EREG0,EREG4,EREG8,EREG12}, {EREG1,EREG5,EREG9,EREG13},{EREG2, EREG6, EREG10, EREG14},{ EREG3, EREG7, EREG11, EREG15}. This provides balanced performance [3]. Similar principle is applicable when ECCE is formed from 8 EREGs. 

4. 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 RB-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.  

5. 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 
[image: image3.wmf]set

N

 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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 is a configurable cell-specific offset parameter 

· P is a permutation given by the following. 

	Inter-column permutation pattern
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	< 0, 4 ,8 ,12 ,1 ,5 ,9 ,13 ,2 ,6 ,10 ,14 ,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 configurable 
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 parameter may be different for localized/distributed, and may tied to cell ID or any other known or signalled parameter, or the inter-column permutation P may be varied based on
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The ECCE-to-EREG mapping ensures:

· A localized ECCE is mapped to one PRB pair,

· A distributed ECCE is mapped to 4 different PRB pairs (when 
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· When   
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=8, consecutive ECCEs occupy different set of PRB-pairs and thus a distributed aggregation level 2 candidate always spans eight PRB pairs.

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 
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4 Conclusions 



An ECCE-to-EREG mapping is proposed which has the following advantages:
1. Cell-specific parameterization in the ECCE-to-EREG mapping is facilitated by including a cell-specific (or signalled) parameter.

2. An ECCE is formed by grouping EREGs that have different EREG-index with their respective PRB pairs. 

a. A preferred REG-grouping is enabled using a length-16 permutation (P(.) ).

3. For localized transmission, the EREGs forming an ECCE are from the same PRB-pair.

4. For distributed transmission, 

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

b. a distributed ECCE is mapped to 4 different PRB pairs (when number of PRB pairs in a EPDCCH-PRB-set is >=4),

c. When  number of PRB pairs in a EPDCCH-PRB-set is 8, consecutive ECCEs occupy different set of PRB-pairs and thus an aggregation level 2 candidate formed by aggregating two consecutive distributed ECCEs always spans eight PRB pairs.

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:
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Appendix A
ECCE-to-EREG mapping for Localized transmission (See also Figure 3): 
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 1 5 9 13 2 6 10 14 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 34,38,42,46. These four EREGs are in RB2 and the EREGs have EREG-indices 2, 6, 10, 14, within their respective PRB pairs.
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Figure 3. 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 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 1 5 9 13 2 6 10 14 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 34,54,10,30. These four EREGs are in RB2,RB3,RB0,RB1, repectively and the EREGs have EREG-indices 2, 6, 10, 14, within their respective PRB pairs.
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Rotate the i-th column cyclicly by i  (i=0, 1 , 2...15)
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Figure 4. Distributed ECCE-to-EREG Mapping, for EPDCCH-PRB-set size =4, N_ECCE=16, one ECCE=4 EREGs. 
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