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1. Introduction

At the RAN WG1 #70bis meeting, the following method was agreed upon to form 4 or 8 enhanced resource element groups (EREGs) into an enhanced control channel element (ECCE).
· 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 above EREG index is numbered per physical resource block (PRB) pair. The method for selecting the EREG indices from multiple PRB pairs is different for distributed and localized transmissions and is left as a remaining issue. In this contribution, we provide our EREG/ECCE-to-RE mapping schemes for distributed transmissions and localized transmissions.
2. EREG/ECCE-to-RE Mapping for EPDCCH

In the design of an EREG per PRB pair, it is highly desired that the number of resource elements (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 [1] - [4] and one of these is considered to be appropriate for specification. Namely, the REs of each PRB pair available for the EPDCCH are numbered from #0 to #15 in the frequency direction first, and then in the time direction. We note that the same EREG indexing could be used for all PRB pairs configured for EPDCCH transmission.

Below, mapping of EREG/ECCE-to-RE is presented for distributed and localized transmissions. For distributed transmission, each ECCE should be mapped to multiple EREGs located in different PRB pairs. Figure 1 shows the resulting EREG/ECCE-to-RE mapping scheme for distributed transmission when 1 ECCE is formed by grouping Q = 4 or 8 EREGs and N = 4 PRB pairs are assumed. In addition, the following remaining issue is identified in [5].

· For distributed, higher aggregation level (L>1) with N=8 or larger 

· (Alt1) an EPDCCH candidate are distributed over min(N, Q*L) PRB pairs

· Frequency diversity gain is obtained than Alt2

· (Alt2) an EPDCCH candidate are distributed over min(N, Q) PRB pairs

· The blocking between localized ECCE and distributed ECCE can be reduced than Alt1.
In Alt. 1, for N = 8 PRB pairs and an aggregation level of L > 1, a downlink control information (DCI) message is distributed over all the PRB pairs to achieve a frequency diversity gain. In Alt. 2, if the same PRB pairs are configured for both distributed and localized transmissions, all the REs can be used in some PRB pairs for localized transmission. We give a higher priority to the frequency diversity gain in Alt. 1 since the gain from 8 PRB pairs compared to that for 4 PRB pairs is 0.4 – 0.8 dB [6]. It would not be necessary to optimize the case in Alt. 2. Accordingly, the mapping scheme satisfying Alt. 1 is shown in Fig. 1(c). In this mapping scheme, the ECCE index i associated with EREG index j (=0 ~ 15) in the k (= 0 ~ N1) -th PRB pair is represented as
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where N = {2, 4, 8} and Q = {4, 8}, respectively. 
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(a) Q = 4 EREGs per ECCE and N = 4
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(b) Q = 8 EREGs per ECCE and N = 4
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(c) Q = 4 EREGs per ECCE and N = 8

Figure 1 – EREG/ECCE-to-RE mapping for distributed transmission.
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. 2. Index i associated with EREG index j (=0 ~ 15) in the k-the PRB pair is represented as
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For both distributed and localized transmissions, the consecutive CCE indices could be readily used when L > 1.
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Figure 2 – EREG/ECCE-to-RE mapping for localized transmission.

3. Conclusion

In this contribution, we discussed the remaining issues regarding the EREG/ECCE mapping design. We would prefer a distributed transmission scheme that can fully achieve a frequency diversity gain for each aggregation level. Accordingly, the following ECCE indexing should be applied to the EPDCCH transmission.
· For distributed transmission, ECCE index i indicated below associated with EREG index j of the k-th PRB pair should be applied.
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· For localized transmission, ECCE index i indicated below associated with EREG index j of the k-th PRB pair should be applied.
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