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1 Introduction

In the email discussions following RAN1#71, the localized search equation was agreed to be given by

ECCEs for EPDCCH candidate 
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where 
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 is a total number of ECCEs in PRB pair set 
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 and DL subframe 
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 is an aggregation level of ECCEs,  
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 is a number of EPDCCH candidates for aggregation level 
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 ECCEs in PRB set 
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. The above equation has been updated relative to the agreed one to reflect that the number of ECCEs in a PRB pair set may vary per subframe and that 
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 depends on the PRB pair set 
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, in addition to the DL subframe 
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. 
The outstanding issues regarding the EPDCCH search space determination include
a) The search space equation for localized EPDCCH with cross-carrier scheduling

b) The determination of 
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 as a function of the PRB pair set 
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c) Whether the search space equation for distributed EPDCCH is based on the PDCCH one or the localized EPDCCH one. 

This contribution addresses the above outstanding issues.
2 Search Space Design for Localized EPDCCH 
The search space equation for localized EPDCCH with cross-carrier scheduling can be derived from the one without cross-carrier scheduling and additional complexity is not necessary. A UE with 
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 active carriers can determine a search space for candidate localized EPDCCHs according to a same pseudo-random function as in Equation (1) modified to support 
[image: image19.wmf]1

>

C

 active carriers as in Equation (2) 
ECCEs for EPDCCH candidate 
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 in PRB set 
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Compared to the case without cross-carrier scheduling, the total number of EPDCCH candidates 
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 is considered for all active carriers. It is noted that the number of EPDCCH candidates for aggregation level 
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 ECCEs depends on the carrier as different carriers can have different bandwidths and, for a given DCI format (PDSCH/PUSCH transmission mode), the number of EPDCCH candidates for aggregation level 
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 ECCEs can depend on the size of the DCI format which depends on the respective carrier bandwidth. A typical case is for band-filing [1] where a UE can be scheduled with DCI format 2C or 2D in a PCell with BW greater than or equal to 5 MHz and in a SCell with BW less than 5 MHz.
The search space for localized EPDCCH has been designed to distribute EPDCCH candidates in as many PRB pairs in a set as possible in order to maximize opportunities for FDS or beam-forming. This property should of course be maintained for cross-carrier scheduling. For example, for 
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 and an equal number of candidates per carrier for a given DCI format (
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 correspond to the first carrier while candidates 
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 correspond to the second carrier. Otherwise, if the first 
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 candidates were allocated to the first carrier and the second 
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 candidates were allocated to the second carrier, candidates for a given carrier would not be allocated in as many PRB pairs as possible. For example, for 
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 for a set with 8 PRB pairs (
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 is {(0, 1), (2, 3), (4, 5), (8, 9), (10, 11), (12, 13), (16, 17), (18, 19), (20, 21), (24, 25), (26, 27), (28, 29)} and the respective PRB pairs are {0, 0, 1, 2, 2, 3, 4, 4, 5, 6, 6, 7}. If the first 6 candidates were allocated to the first carrier and the last 6 candidates were allocated to the second carrier, PRB pairs {4, 5, 6, 7} would not have any candidate for the first carrier and PRB pairs {0, 1, 2, 3} would not have any candidate for the second carrier while some PRB pairs have multiple (two) candidates for the same carrier. Conversely, by assigning every other candidate to a carrier, a candidate for the first carrier exists in PRB pairs {0, 1, 2, 4, 5, 6} and a candidate for the second carrier exists in PRB pairs {0, 2, 3, 4, 6, 7} and all candidates for each carrier are allocated in different PRB pairs. 

For the above partitioning, Equation (2) can be expressed as
CCEs for candidate 
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where 
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 is the number of PDCCH candidates for aggregation level 
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 CCEs in PRB set 
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 and carrier index 
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where 
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 is the number of PDCCH candidates for aggregation level 
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 CCEs in PRB set 
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Proposal 1: The search space for localized EPDCCH with cross-carrier scheduling is given by Equation (3).

The determination of 
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 as a function of the PRB pair set 
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 should avoid overlapping of ECCEs for EPDCCH candidates between two UEs in the first PRB pair set from also occurring in the second PRB pair set in the same subframe. As the location of such ECCEs also depends on the PRB pair set size (as determined by 
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 in Equation (1) or Equation (2)), if the sets of PRB pairs have different sizes (resulting to different values of 
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 can actually be detrimental in avoiding overlapping of ECCEs for different UE in both PRB pair sets. Therefore, the value of 
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 in different sets of PRB pair in subframe 
[image: image61.wmf]k

 should remain the same if these sets have different sizes (different numbers of PRB pairs). 
Obtaining a PRB pair set dependent 
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 either by using a set dependent different 
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 is sufficient. Both alternatives are simple and relative differences in blocking probability are of marginal importance. Therefore, for 
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 by adding a term to a respective component 
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Then, if the PRB pair set 
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 can apply for both distributed EPDCCH and localized EPDCCH (separate optimizations are not necessary).
Proposal 2: The component 
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The alternatives for the search space equation for distributed EPDCCH are for it to be based on the one for PDCCH or on the one for localized EPDCCH. In terms of blocking probability when only distributed EPDCCHs are transmitted in a set of PRB pairs, the two alternatives are practically equivalent [2]. In terms of EPDCCH BLER, the two alternatives are also equivalent due to the EREG/ECCE mapping to PRB pairs in a set. 
The trade-off is therefore only with respect to re-using the PDCCH search space equation for distributed EPDCCH to maintain legacy operations versus using the search space equation of localized EPDCCH also for distributed EPDCCH to achieve a somewhat smaller blocking probability for a case that distributed EPDCCH and localized EPDCCH are multiplexed in the set of PRB pairs. Note that the effect on blocking probability is small when a UE is configured both distributed EPDCCH and localized EPDCCH (small number of candidates for distributed EPDCCH), or when a UE is configured different EPDCCH sets (blocking in one set is unlikely to occur in the other set), or in different subframes and it can also be avoided by the scheduler. In general, it is preferable to maintain legacy operation if there is not a strong reason to abandon it as the legacy operation already exists in current eNodeB and UE implementations and has been proven to be robust under a broad range of operating scenarios. Therefore, it is preferable not to change the PDCCH search space equation in case of distributed EPDCCH. 
Proposal 3: The Rel-10 search space equation for PDCCH is used for distributed EPDCCH.

3 Conclusions

This contribution considered the remaining outstanding aspects for the EPDCCH search space design. In particular, the following are proposed:

Proposal 1: The search space for localized EPDCCH with cross-carrier scheduling is given by Equation (3).

Proposal 2: The component 
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Proposal 3: The Rel-10 search space equation for PDCCH is used for distributed EPDCCH.
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