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1. Introduction

In RAN1#70bis the following was agreed [1]:

Agreement:
· 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

· Note that in the distributed case the EREGs are located as much as possible in different PRB pairs – precise wording to be prepared offline.

The numbering of eCCEs in a set is addressed in [2]: Aggregation level above one is realized by consecutive eCCE and eCCE are for a localized ePDCCH set numbered within a PRB pair first and then across PRB pairs and for distributed ePDCCH set numbered by feasible permutations within an eREG group first and then across eREG groups. In the distributed case, when an eCCE does not map to all N configured PRB pairs, consecutive eCCEs are mapped so that N:th order frequency diversity can be achieved for an ePDCCH with higher aggregation levels. 

One of the remaining issues for ePDCCH is the randomization procedure for the search candidates within a set. This is addressed in this contribution.

2. Search Space Candidates

Based on the numbering in [2], the determination of blind decoding candidates within each set is discussed in this section. 
2.1. Distributed Transmission

In Rel-8 PDCCH, the mth search space candidate for aggregation level L is given by (assuming no CIF)
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being the number of PDCCH candidates to monitor in the search space and 
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 being a randomizing function that is based on the RNTI and the subframe number. The key elements in this procedure are knowledge of the total number of CCEs and the number of PDCCH candidates to monitor for each aggregation level. This same procedure can be applied to the ePDCCH in any of the configured sets if the total number of blind decode candidates assigned to the set are known. Use of the same procedure for distributed ePDCCH transmission does not have any major drawbacks and has the benefit of synergy with the PDCCH search space candidate definition. 

One possible addition to the function 
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 could be to add dependence based on the ePDCCH set number. This may allow avoidance of collisions when sets are overlapping, which effectively reduces the number of candidates. We therefore propose that the same Rel-8 procedure be used within each set configured for distributed transmission.

Proposal 1: Each configured set for distributed transmission uses the Rel-8 search space candidate determination procedure with the total number of CCEs in a search space, NCCE, replaced by the total number of eCCEs in a set, NeCCE  and where 
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 is the number of ePDCCH candidates in the ePDCCH set. The function 
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 is modified to also be dependent on the ePDCCH set number.
2.2. Localized Transmission

For localized transmission, it is beneficial for the eNB to be able to choose between search space candidates in different locations in frequency but still each ePDCCH should if possible be confined to the same PRB pair. Therefore, we propose to modify the Rel-8 function as below.

Proposal 2: The mth search space candidate for aggregation level L within a set allocated for localized transmission is given by
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being the number of ePDCCH candidates to monitor in the search space of the particular ePDCCH set and 
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 is modified from the function in Rel-8 to add a dependence on the ePDCCH set number. 

This ensures that two consecutive blind decoding candidates considered by the UE occur in different PRB pairs, spaced half the bandwidth apart (in the case the N PRB pairs are uniformly spaced over the system bandwidth). For example, when the number of eREGs per eCCE is 4, there are N = 2 PRB pairs per set, and the aggregation level is L = 2, the 4 possible search space candidates are searched (assuming 
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 without any loss of generality) with the indices of the first eCCE in the order {0, 4, 2, 6}. The candidates with starting eCCE indices {0, 2} are in the first PRB and the candidates with starting eCCE indices {4, 6} are in the second PRB [2]. An ePDCCH candidate with starting eCCE index q and aggregation level L consists of the eCCEs with indices 
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1

,

,

0

{

,

-

Î

+

L

i

i

q

L

  
3. Conclusions

For the determination of search space candidates the following are proposed:

Proposal 1: Each configured set for distributed transmission uses the Rel-8 search space candidate determination procedure with the total number of CCEs in a search space, NCCE, replaced by the total number of eCCEs in a set, NeCCE  and where 
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 is the number of ePDCCH candidates in the ePDCCH set. The function 
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 is modified to also be dependent on the ePDCCH set number.
Proposal 2: The mth search space candidate for aggregation level L within a set allocated for localized transmission is given by
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being the number of ePDCCH candidates to monitor in the search space of the particular ePDCCH set and 
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 is modified from the function in Rel-8 to add a dependence on the ePDCCH set number. 
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