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1 Introduction

In the RAN1#68bis meeting, several WFs were treated online which discussed localized and distributed transmissions and the corresponding aggregation levels. No agreement was reached and the issue will continue to be discussed.
In this contribution, we consider some aspects of ePDCCH search space design and propose some starting points for further discussion.

2 ePDCCH search space design
Definition of a “PRB set“
We propose to define a "PRB set" with the following properties:

· A “PRB set” consists of 4 PRB‑pairs

· ePDCCH candidates are defined per “PRB set”
· The frequency spacing between the 4 PRB‑pairs is part of the configuration by higher layers, which allows for more localized as well as for more distributed mapping of ePDCCH candidates

· ePDCCH search space for a UE consists of one or multiple PRB sets
Figure 1 shows an example of a “PRB set” configuration and the possible ePDCCH candidates.
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Figre 1. PRB sets

The design should support the following type of operation:
· A PRB set (e.g. "PRB set A") can be configured such that all the ePDCCH candidates are transmitted/detected with a more distributed mapping. “PRB set A” is mostly applicable in conjunction with PRB level ICIC to provide competitive performance to PDCCH. The PRB pairs in “PRB set A” are shared between multiple UEs. 
· A PRB set (e.g. "PRB set B") can be configured such that some or all ePDCCH candidates with aggregation level 1 and 2 are transmitted/detected with a more localized mapping. The remaining ePDCCH candidates are transmitted/detected with a more distributed mapping. “PRB set B” may be applicable without PRB level ICIC. The PRB pairs in “PRB set B” are assumed to be shared between less UEs than “PRB set A” or can be even exclusive to a certain UE.
In our view it is important that at least the above ways of the operation are supported and, therefore, can be configured by specification. In our understanding this would be realized by UE-specific higher layer configuration messages.
ePDCCH candidates within each PRB set
The individual ePDCCH candidates within one “PRB set” are defined based on certain patterns. Figure 2 shows examples. Pattern 0 defines four aggregation level 1 candidates and four aggregation level 2 candidates. In contrast, Pattern 1 defines two aggregation level 4 candidates and one aggregation level 8 candidate. The patterns are designed such that the defined candidates do not block each other. As a consequence the blocking can be reduced when multiple UEs configured with different patterns share the ”PRB set” 

The definition of ePDCCH candidates within one pattern can be either mapped more localized or more distributed depending on eCCE to eREG mapping as mentioned in section 3 and [1].
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Figure 2 eCCE pattern

Proposals:

· The ePDCCH search space is configured by one or multiple PRB sets with a PRB set consisting of four PRB‑pairs. 
· Following ways of the operation should at least be supported.
· One PRB set contains more distributed mapping of ePDCCH. This set can be utilized in conjunction with PRB level ICIC. Even though is configured as UE-specific, this PRB set is assumed to be shared by several UEs.
· Another PRB set can contain at least some candidates for lower aggregation levels that are transmitted/detected with a more localised mapping. This set does not require the usage of PRB level ICIC . The set is configured as UE-specific and is generally intended to be shared by a few or a single UE.
3 ePDCCH search space configuration
ePDCCH search space would be configured by a UE-specific message, including 
- the “PRB set(s)” 
- the combination of candidates within each PRB set (defined as pattern)
- the eCCE‑to‑eREG mapping
- SFBC or beamforming for each candidate (if SFBC is supported).
The “PRB set” are configured with a bitmap or the indices of the four PRBs. The combination of candidates within one PRB set are configured as pattern, e.g. in Figure 2. 
As a result, whether an ePDCCH is allocated with a more localized or more distributed mapping into the RE grid depends on the “PRB set”, the pattern configuration and the eCCE‑to‑eREG mapping. Taking Pattern 0 in Figure 2 as an example, if both aggregation levels 1 and 2 are configured as more distributed candidates, the eCCE mapping for this “PRB set” can be defined as in Figure 3 below. 
For example, eCCE 1 in Figure 3 denotes a more distributed mapping, whereas eCCE 1 in Figure 4 denotes a more localized mapping. 
From a transmission scheme perspective, SFBC could be configured for candidates of each aggregation level. If SFBC is configured, two antenna ports, e.g. AP7 and AP9, are required for the ePDCCH transmission, which can be shared between UEs.
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Figure 3. More distributed mapping of aggregation level 1 candidate(s)
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Figure 4 More localized mapping of aggregation level 1 candidate(s)
Proposals:

· For a given PRB set aggregation levels 1 and 2 candidates can be configured either in a more localized or more distributed fashion depending on the eCCE‑to‑eREG mapping. 
4 Number of ePDCCH blind decoding trials

The number of ePDCCH blind decoding trials depends on the number of candidates within each PRB set and the number of PRB sets configured. As starting point, the search space could consist of two “PRB sets” with patterns 0 and 1. This case results in four aggregation level 1, four aggregation level 2, two aggregation level 4 and one aggregation level 8 candidates. This results in 11 blind decoding trials which is similar to the legacy PDCCH UE specific search space.
It should be noted that in case of PDCCH, DL assignments and UL grants are configured on the same search space, which results in the same blind decoding for DCI formats 0/1A. This is suitable to keep the number of blind decoding (BD) trials small. We propose the same approach also for ePDCCH  In addition, the transmission mode specific DL DCI format and DCI format 0 candidates should be mapped/monitored on the same PRB set (FFS for on the same PRB pair) in order to reduce PRB‑pair usage for ePDCCH.
Proposals:

· Starting point for the number of ePDCCH blind decoding trials 
· at most two PRB sets are configured

· Each PRB set contains 11 blind decoding candidates: four aggregation level 1, four aggregation level 2, two aggregation level 4 and one aggregation level 8 candidates.
· DCI format 0/1A are monitored by the same BD trial

· The transmission mode specific DL DCI format and DCI format 0 are monitored on the same PRB set.

5 Summary

This contribution discussed some aspects of ePDCCH search space design. Based on the discussion, the following proposals are made:
· The ePDCCH search space is configured by one or multiple PRB sets with a PRB set consisting of four PRB‑pairs. 
· Following ways of the operation should at least be supported.
· One PRB set contains more distributed mapping of ePDCCH. This set can be utilized in conjunction with PRB level ICIC. Even though is configured as UE-specific, this PRB set is assumed to be shared by several UEs.
· Another PRB set can contain at least some candidates for lower aggregation levels that are transmitted/detected in a more localised mapping. This set does not require the usage of PRB level ICIC . The set is configured as UE-specific and is generally intended to be shared by a few or a single UE.
· For a given PRB set aggregation levels 1 and 2 candidates can be configured either in a more localized or more distributed fashion depending on the eCCE‑to‑eREG mapping. 
· Starting point for the number of ePDCCH blind decoding trials 
· at most two PRB sets are configured

· Each PRB set contains 11 blind decoding candidates: four aggregation level 1, four aggregation level 2, two aggregation level 4 and one aggregation level 8 candidates.
· DCI format 0/1A are monitored by the same BD trial

· The transmission mode specific DL DCI format and DCI format 0 are monitored on the same PRB set.
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