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1 Introduction

In RAN1#70bis, it was agreed that when an ECCE consists of 4 EREGs, these EREGs are either {0,4,8,12}, or {1,5,9,13}, or {2,6,10,14}, or {3,7,11,15} while when an ECCE consists of 8 EREGs, these EREGs are either {0,2,4,6,8,10,12,14} or {1,3,5,7,9,11,13,15}. Since aggregation of ECCEs is just aggregation of EREGs and since, similar to single ECCE, the number of available REs to transmit an EPDCCH and the respective link adaptation should be as much as possible the same for a given ECCE aggregation level regardless of which ECCEs (which EREGs) are aggregated, the agreed combination of EREGs remains the same when aggregating multiple ECCEs.  
Based on the above, this contribution considers the EREG mapping to ECCEs and to PRB pairs. 
2 EREG Mapping to ECCE and PRB Pair
For a localized EPDCCH formed by Q EREGs (Q=4 or Q=8), there are M=16/Q ECCEs per PRB pair. ECCE k, in PRB pair 
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Eq. (1) always provides an ECCE consisting of an agreed group of EREGs and, for ECCE aggregation levels (AL) larger than one, the respective ECCEs consist of different groups of EREGs which maximizes the equivalence of the combined ECCEs. 

Eq. (1) assumes that ECCEs are first indexed sequentially within a PRB pair and then across PRB pairs. For example, for M=4 ECCEs per PRB pair, PRB pair 0 contains ECCEs 0, 1, 2, and 3. If ECCEs are first sequentially numbered across PRB pairs (e.g. PRB pair 0 contains ECCE 0, PRB pair 1 contains ECCE 1, etc.) then, for 
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 PRB pairs, ECCE k in PRB pair 
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As the ECCE indexing affects the search space design and the PUCCH HARQ-ACK resource allocation, the choice between the approaches in Eq. (1) and Eq. (2) should be based on the respective considerations. For the search space design, the approach in Eq. (1) is preferred as it is consistent with the sequential indexing of ECCEs for a candidate. For the PUCCH HARQ-ACK resource indication, the approach in Eq. (2) is beneficial as it may often lead to resource compression through ECCE indexing. However, for fully overlapped resource and with ARI this benefit may not apply.
Proposal 1: The EREGs for an ECCE of a localized EPDCCH are obtained as in Equation (1). 
For distributed EPDCCH, there are two FFS aspects [1]. The first FFS aspect relates to how the PRB pairs containing the RBGs of an ECCE are selected when 
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Considering that a network can assign PRB pairs to EPDCCH sets so that the channel is largely uncorrelated between two successive such PRB pairs (at least for medium-large system BWs) and that the PRB pair selection aspect is mainly applicable only for AL of 1 ECCE (which is an unlikely AL especially for DL DCI formats), it seems sufficient to sequentially map EREGs to PRB pairs and avoid complicating the design. Additionally, the PRB pair order may be modified from the one in the system BW. For example, for PRB pairs 0, 1, …, 7 indexed sequentially in the system BW, the order of PRB pairs for the EREG mapping can be modified to be 0, 3, 6, 1, 4, 7, 2, 5 or any other such permutation/shift that breaks the sequential order of PRB pairs in the system BW. However, this does not seem essential.

Interim Proposal 1: The EREGs for an ECCE of a distributed EPDCCH are sequentially mapped to PRB pairs of the respective EPDCCH set. 
The second FFS aspect relates to whether an EPDCCH is distributed over 
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 PRB pairs (e.g. for the larger system BWs with 
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) in order to reduce the blocking between a localized EPDCCH and a distributed EPDCCH when multiplexed in the same PRB pair (under the condition that the distributed EPDCCH set and the localized EPDCCH set have the same number of PRB pairs). 

The performance advantage of the first option is far more important especially considering the definitive need to improve distributed EPDCCH in terms of BLER (in this case by improving frequency diversity), link adaptation, and robustness to interference variations. For example, transmitting a distributed EPDCCH over 8 instead of over 4 PRB pairs improves BLER by ~0.8 dB and offers substantially better link adaptation [2]. The need to multiplex distributed EPDCCH and localized EPDCCH in the same PRB pair is rather marginal, even for small system BWs where distributed and localized EPDCCH become similar and, in any case, it should not be at the expense of universally penalizing distributed EPDCCH. Therefore, the first option is preferred. This is also consistent with the agreement from RAN1#70bis that “for a distributed case, the EREGs are located as much as possible in different PRB pairs”.
Interim Proposal 2: A distributed EPDCCH is transmitted over 
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Given the previous structure of EREGs forming the ECCEs and the previous two interim proposals, the EREGs forming an ECCE and their location in PRB pairs can be as 
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Similar to ECCEs for localized EPDCCH, an ECCE for distributed EPDCCH consists of one of the agreed EREG groups and for ECCE AL larger than one, the respective ECCEs again consist of different groups of EREGs which maximizes the equivalence of the combined ECCEs. The Tables in the Appendix show the resulting EREG to ECCE and PRB pair mapping.
Proposal 2: The EREGs for an ECCE of a distributed EPDCCH are obtained as in Equation (3). 
3 Conclusions

This contribution considered the EREG mapping to ECCEs and PRB pairs for localized and distributed EPDCCHs and proposes the following: 

Proposal 1: The EREGs for an ECCE of a localized EPDCCH are obtained as in Equation (1). 
Proposal 2: The EREGs for an ECCE of a distributed EPDCCH are obtained as in Equation (3). 
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Appendix
The ECCE to EREG mapping for distributed EPDCCH for combinations of the number 
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 of EREGs per ECCE) are given in Tables 1-6. 
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