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1. Introduction

At the RAN WG1 #70 meeting, as a consequence of intensive discussion based on the ways-forward [1] – [3], many agreements were reached concerning an enhanced resource element group (EREG) and enhanced control channel element (ECCE).
· eREG definition:

· A PRB pair is divided into 16 eREGs in both normal and special subframes and for normal and extended CP regardless of the presence of other signals

· 16eREGs has #0 to #15 indices

· 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 eCCEs 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 eCCEs 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) 
Based on the agreed EREG and ECCE definitions, the exact mapping scheme for EREG/ECCE-to-RE must be determined to complete the specification for the EPDCCH. In this contribution, we provide our preferred EREG indexing scheme for a PRB pair and present the EREG/ECCE-to-RE mapping schemes for localized and distributed transmissions.
2. EREG Indexing for EPDCCH
It was agreed that a PRB pair would be divided into 16 EREGs for the distributed EPDCCH transmission. According to the agreement at the RAN WG1 #70 meeting, this EREG definition is also applied to the localized EPDCCH transmission. In this section, we briefly provide an example of EREG indexing for a PRB pair before discussing the exact EREG/ECCE-to-RE mapping scheme. In the design of an EREG per PRB pair, it is highly desired that the number of REs per EREG (EREG size) be the same regardless of the number of EREGs in the PRB pair. Different EREG designs to achieve this property are proposed in [4] - [7] and one of these is considered to be appropriate for specification. An example of such an EREG design is given in [5] and shown in Fig. 1. We note that the same EREG indexing could be used for all PRB pairs configured for EPDCCH transmission. 
Transmission point (TP)-specific RE indexing or mapping is suggested to enable inter-cell interference randomization [8]. However, interference randomization is achieved to some extent since the PRB pairs used for the EPDCCH are different for different TPs. In addition, the gain from this functionality is not so clear at this stage. Therefore, consideration of interference randomization does not need to be given to the EREG design. 
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Figure 1 – EREG index for a PRB pair of 16 EREGs.

3. EREG/ECCE-to-RE Mapping for EPDCCH

In this section, mapping of EREG/ECCE-to-RE is presented. The number of REs actually used for EPDCCH transmission is different depending on the number of REs for legacy PDCCH and the CRS. Therefore, it was agreed to construct an ECCE from four or eight EREGs depending on the subframe type and the length of the CP. In any case, equal sized ECCEs are highly desired to facilitate link adaptation. In order to satisfy the requirement, one ECCE is constructed by grouping different EREG indices for both localized and distributed transmissions. Furthermore, for distributed transmission, each ECCE should be mapped to multiple EREGs located in different PRB pairs. Figure 2 shows the resulting EREG/ECCE-to-RE mapping scheme for the distributed transmission when one ECCE is formed by grouping four or eight EREGs and four PRB pairs are assumed. Meanwhile, for the localized transmission, each eCCE should be mapped to multiple eREGs located in the same PRB pair or localized PRB pairs as shown in Fig. 3. 
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(a) 4 EREGs per ECCE
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(b) 8 EREGs per ECCE

Figure 2 – EREG/ECCE-to-RE mapping for distributed transmission.
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Figure 3 – EREG/ECCE-to-RE mapping for localized transmission.

Proposal: Apply the following ECCE-to-EREG mapping schemes.

· For distributed transmission, an ECCE is formed by grouping different EREG indices located in different PRB pairs.

· For localized transmission, an ECCE is formed by grouping different EREG indices located in the same or localized PRB pairs.

With the above proposed EREG/ECCE-to-RE mapping, both localized and distributed transmissions can be supported even when the PRB pairs of different EPDCCH sets are overlapped. An example of this transmission mode is shown in Fig. 4. 
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Figure 4 – EREG/ECCE-to-RE mapping for both distributed and localized transmissions.

4. Conclusion

In this contribution, we first described the EREG design per PRB pair that equalizes the number of REs among different EREGs as much as possible. Then, we described the EREG/ECCE-to-RE mapping for localized and distributed transmissions. The following EREG/ECCE-to-RE mapping schemes should be applied to the EPDCCH transmission.
· For distributed transmission, an ECCE is formed by grouping different EREG indices located in different PRB pairs.

· For localized transmission, an ECCE is formed by grouping different EREG indices located in the same or localized PRB pairs.
References
[1] 3GPP R1-123875, Panasonic, et al., “WF on RE mapping for ePDCCH,” Aug. 2012.
[2] 3GPP R1-123876, CATT, et al., “WF on remaining details of RE mapping,” Aug. 2012.

[3] 3GPP R1-123959, Panasonic, “Comparison of eREG mapping options,” Aug. 2012.
[4] 3GPP R1-123287, Panasonic, “RE mapping for ePDCCH,” Aug. 2012.

[5] 3GPP R1-123549, NTT DOCOMO, “Views on eREG-to-eCCE mapping for E-PDCCH,” Aug. 2012.

[6] 3GPP R1-123584, Renesas Mobile Europe Ltd., “eREG resource mapping,” Aug. 2012.

[7] 3GPP R1-123614, Ericsson, ST-Ericsson, “Mapping of ePDCCH to RE,” Aug. 2012.

[8] 3GPP R1-123651, Nokia, Nokia Siemens Networks, “eREG / eCCE mapping for ePDCCH,” Aug. 2012.























































- 4/4 -

