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1 Introduction

At the RAN WG1 #70 meeting, designs for an enhanced resource element group (EREG) and enhanced control channel element (ECCE) were discussed [1]. The following agreements were reached for localized and distributed transmissions.

Agreement: 

· The specification supports the case that an ECCE is formed by N EREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 ECCE per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 
· N=8 in following cases. (This corresponds to 2 ECCE per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 
· The EREG to RE mapping is fixed in specifications given the Frame structure type, subframe configuration and CP length

· Special subframes with the same DMRS positions have the same EREG to RE mapping

· The EREG to RE mapping does not depend on the PRB pair#, subframe#, legacy control region size, DwPTS length or presence of other signals such as CRS,CSI-RS,PRS,

· EREG indices are sequentially mapped  to the REs without REs for DMRS (24 for normal CP and 12 for extended CP) in a frequency first and then time manner, within each PRB pair 

· It is FFS whether to support cyclic shift of the assigned EREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS.
Once the EREG to RE mapping is determined, an ECCE is formed by which of N EREGs should be specified both for localized and distributed transmission. In this contribution, we will share our views on aggregating EREGs to an ECCE, taking several principles into consideration.
2 Mapping of ECCE to EREG for localized transmission
The number of actually available REs for each EREG in a PRB pair will vary due to the presence of other reference signals. Therefore, in order to achieve similar channel estimation performance for each EREG and the equivalent performance per ECCE consisting of EREGs, we need to consider the methods for equalizing the number of available REs for each EREG in a PRB pair. The EREG to RE mapping pattern is illustrated according to the agreement at the last meeting without considering cyclic shift. The EREG indices are sequentially mapped to the REs without REs for DMRS. 
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Figure 1. EREG to RE mapping

If different PDCCH symbol and CRS port number are assumed, the number of available REs for all the EREGs can be seen in Table 1.

Table 1. Number of available REs for each EREG
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Table 1 shows that the difference in the number of available REs among all the EREGs can reach to 3REs. If the grouping of EREG to ECCE is not carefully considered, this difference will accumulate and become even large. Simulations show large differences can result in 3dB performance gap due to imbalanced ECCE size for higher code rate cases [2]. Therefore, it is desirable to make the size of each ECCE to be as equal as possible. One way is to map one ECCE to multiple EREGs with different sizes as presented in Table 2.
Table 2. ECCE to EREG mapping for localized transmission
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By aggregating EREGs to ECCE in Table 2, approximately equal size can be achieved for each ECCE. Based on Table 2, the mapping of ECCE to EREG in one PRB pair can be stated mathematically as following: 
Denote 
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 as the EREG index in one ECCE. Here 
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The index p of the i-th EREG of localized ECCE j in an EPDCCH set can be determined by 



[image: image9.wmf]16

mod

)

(

N

i

j

p

´

+

=


(1)
where,  p = 0,1,…,15

Further, the corresponding PRB pair index 
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in an EPDCCH set of the i-th EREG of localized ECCE j can be determined by  
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Proposal 1: The EREG index p and PRB pair index 
[image: image12.wmf]RB

n

 of the i-th EREG of localized ECCE j in an EPDCCH set can be expressed as
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Where, N is the number of ECCE in one PRB pair.
3 Mapping of ECCE to EREG for distributed transmission 
For distributed transmission, one ECCE corresponds to multiple EREGs distributed across different PRB pairs. The same principle of grouping EREGs to ECCE for localized ECCE should also apply for distributed ECCE. Therefore, the EREG indices for aggregating localized ECCE should be the same for distributed ECCE. The only difference is the multiple EREGs with the same indices for grouping a distributed ECCE come from different PRB pairs.

For example, when an ECCE is formed by 4 EREGs, in Table 3 a distributed ECCE 0 can correspond to EREG0 in RB pair 0, EREG4 in PRB pair 1, EREG8 in PRB pair 2 and EREG12 in PRB pair 3 and a distributed ECCE 1 correspond to EREG4 in PRB pair 0, EREG8 in PRB pair 1, EREG12 in PRB pair 2 and EREG0 in PRB pair 3. The four EREGs constituting previous fourth distributed ECCE, EREG0, EREG 4, EREG8, EREG12 also constitute ECCE 0 for localized transmission, and they are in the same PRB pair. The cases considering 8 PRB pairs and/or 8 EREGs per ECCE can be found in the appendix.
Table 3. ECCE to EREG mapping for distributed transmission under 4 PRB pairs and 4 EREGs per ECCE
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Based on Table 3, the mapping of ECCE to EREG in an EPDCCH set can be stated mathematically as following:

Denote 
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 as the EREG index in one ECCE. Here 
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The index p of the i-th EREG of distributed ECCE j in an EPDCCH set can be determined by the following equation:


p = ((t + i × K) mod 16+ r × K) mod 16
(3)
where

t = floor (j / 
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Further, the corresponding PRB pair index in an EPDCCH set of the i-th EREG of distributed ECCE j can be determined by  


[image: image23.wmf]RB

n

 = ( floor ( j / 16 ) × M + i) mod 
[image: image24.wmf]RB

N


(4)
Assuming that in an EPDCCH set ,
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 = 4， M = 4 and K = 4,  then each EREG index of 16 distributed ECCE and the corresponding PRB pair index in this set according to formula (2) and (3) can be got in Table 3.
Proposal 2: The EREG index p and PRB pair index 
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p = ( (t + i × K) mod 16+ r × K) mod 16, 


[image: image27.wmf]RB

n

 = ( floor (j / 16 ) × M + i) mod 
[image: image28.wmf]RB

N



Where, t = floor(j / 
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 is the number of PRB pair in an EPDCCH set and M is the number of EREG in one ECCE, K is the number of ECCE in one PRB Pair.
4 Multiplexing of localized and distributed EPDCCH in one PRB pair
To facilitate the multiplexing of localized and distributed EPDCCH in a PRB pair from the eNB perspective, it is expected that, after resource mapping, the EREGs for distributed EPDCCH in one PRB pair should overlap as few as localized ECCE.
[image: image32.emf] 
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Figure 2 . A proposed EREG mapping example for distributed transmission.
An example is illustrated in Figure 2. In Figure 2, Four PRB pairs 3, 4, 8 and 9, are configured for a distributed set. For an aggregation level 1 candidate, 4 EREGs are distributed over the 4 PRB pairs. For an aggregation level 2 candidate, 8 EREGs are distributed over the 4 PRB pairs. In each PRB pairs, two EREGs of this candidate belong to one localized ECCE. And for an aggregation 4 candidate, 16 EREGs are distributed over the 4 PRB pairs. In each PRB pairs, four EREGs of this candidate belong to one localized ECCE. For both aggregation levels 2 and 4, one distributed EPDCCH only occupies 1 localized ECCE per PRB pair, and then other distributed EREGs which are not used for distributed EPDCCH transmission can be used for localized EPDCCH transmission. 
Based on distributed ECCE indexing in Section 3, there is a simple way to achieve the multiplexing of localized and distributed EPDCCH in a PRB pair. For a distributed EPDCCH with AL L, if the starting ECCE index n of one EPDCCH candidate fulfills n mod L=0 and the EPDCCH is aggregated by L consecutive ECCE, high multiplexing efficiency can be obtained.
Proposal 3: With the assumption of the distributed ECCE indexing of proposal 2, for a distributed EPDCCH with AL L, the starting ECCE index n of one EPDCCH candidate fulfills n mod L=0 and the EPDCCH is aggregated by L consecutive ECCE. 
5 Interference randomization of ECCE to EREG mapping 

Similar to the interference randomization of PDCCH transmission at different transmission points, the ICIC of EPDCCH should also be considered. In order to randomize the locations of EREGs composing one ECCE, possible methods include:   

a) Randomizing the EREG indices of each PRB pair for different transmission points,  

b) Randomizing the ECCE to EREG mapping for different transmission points
Method a) can be found in the accompanying contribution [1]. For method b), assuming that the number of EREG per ECCE is M, the ECCE to EREG mapping is cyclically shifted at different transmission points, resulting in, the index of the i-th EREG composing one ECCE at transmission point s can be expressed as,

 ps ( i ) = p( ( i + X ) mod 16 )
where i = 0,1,…,M-1, p(i) is the i-th EREG composing one ECCE before cyclic shift, X is virtual cell ID or a TP specific parameter, the value is the same to X of DM RS scrambling sequence initialization. 

Further, the ECCE to EREG mapping can be cyclically shifted at different transmission times, for example, the ECCE to EREG mapping of subframe k can be cyclically shifted by step k. 
Proposal 4: The ECCE to EREG mapping is cyclically shifted among EPDCCH transmission at different transmission points or transmission time. 
6 Conclusion 

In this contribution, we discussed the ECCE to EREG mapping and have the following proposals: 
Proposal 1: The EREG index p and PRB pair index 
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 of the i-th EREG of localized ECCE j in an EPDCCH set can be expressed as
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Where, N is the number of ECCE in one PRB pair.
Proposal 2: The indexing p and PRB pair index 
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 of the i-th EREG of distributed ECCE j in an EPDCCH set can be expressed as 

p = ( (t + i × K) mod 16+ r × K) mod 16, 
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Where,  t = floor(j / 
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, 
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 is the number of PRB pair in an EPDCCH set and M is the number of EREG in one ECCE, K is the number of ECCE in one PRB Pair.
Proposal 3: With the assumption of the distributed ECCE indexing of proposal 2, for a distributed EPDCCH with AL L, the starting ECCE index n of one EPDCCH candidate fulfills n mod L=0 and the EPDCCH is aggregated by L consecutive ECCE. 

Proposal 4: The ECCE to EREG mapping is cyclically shifted among EPDCCH transmission at different transmission points or transmission time. 
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Appendix

Table 4.ECCE to EREG mapping for distributed transmission under 4 PRB pairs and 8 EREGs per ECCE[image: image42.emf]ECCE index ECCE 0ECCE 1ECCE 2ECCE 3ECCE 4ECCE 5 ECCE 6 ECCE 7ECCE 0ECCE 1ECCE 2ECCE 3 ECCE 4ECCE 5ECCE 6ECCE 7

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

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

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

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


Table 5. ECCE to EREG mapping for distributed transmission under 8 PRB pairs and 4 EREGs per ECCE

[image: image43.emf]ECCE index ECCE0ECCE1ECCE2ECCE3ECCE4ECCE5ECCE6ECCE7ECCE8ECCE9ECCE10ECCE11ECCE12ECCE13ECCE14ECCE15

PRB pair 0 0 8 1 9 0 8 1 9

PRB pair 1 4 12 5 13 4 12 5 13

PRB pair 2 8 0 9 1 8 0 9 1

PRB pair 3 12 4 13 5 12 4 13 5

PRB pair 4 4 12 5 13 4 4 5 12

PRB pair 5 8 0 9 1 8 8 9 0

PRB pair 6 12 4 13 5 12 12 13 4

PRB pair 7 0 8 1 9 0 0 1 8


Table 6. ECCE to EREG mapping for distributed transmission under 8 PRB pairs and 8 EREGs per ECCE

[image: image44.emf]ECCE index ECCE0ECCE1ECCE2 ECCE3 ECCE4 ECCE5ECCE6 ECCE7 ECCE8 ECCE9ECCE10ECCE11ECCE12ECCE13ECCE14ECCE15

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

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

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

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

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

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

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

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