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Discussion
1
Introduction
In RAN1 #66bis, it was agreed to introduce enhanced physical control channels and some design guidelines were also captured as working assumptions in RAN1 Chairman’s note as follows:

Based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:

Working Assumption:

· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.

As further progress, it was also agreed that both frequency localized and diversity transmissions are supported in ePDCCH to exploit frequency selective and diversity gains in RAN1 #67 [1].  
In this contribution, we discuss on the ePDCCH search space design based on the RAN1 agreements.
2
ePDCCH Search Space
In legacy PDCCH, the common and the UE-specific search spaces have been introduced in order to restrict the number of PDCCH blind decoding attempts for reasonable UE receiver decoding complexity while allowing resource sharing with other UEs. A UE needs to monitor both search spaces in every subframe to receive different types of information in each search spaces. By introducing this blind decoding based PDCCH reception, the PDCCH resources can be utilized more efficiently as the resource can be shared by multiple UEs which have been tested and proved in previous releases from real network deployments. Therefore, it seems natural to reuse such a well proved downlink control channel design for newly designed ePDCCH in Rel-11. 
Proposal 1: a blind decoding based downlink control channel design as in previous releases should be reused for ePDCCH design in Rel-11.

Common Search Space
The common search space has been used for system information, paging, RACH response, and/or group power control commands. Therefore, Rel-11 UE may also need to monitor common search space for the broadcasting and/or multicasting information. Since the broadcasting/multicasting information could be common for legacy UEs and Rel-11 UEs, the legacy common search space could be reused for Rel-11 UEs which may avoid resource waste to some extent. However, there seem to be a couple of issues if the legacy common search space is simply reused together with ePDCCH UE-specific search space such that:

· A coverage imbalance between common search space and UE-specific search space can be observed especially in a HetNet scenario.

· The common search space capacity could be limited in a specific CoMP scenario (e.g., scenario 4) due to the lack of spatial reuse.

· As for the low cost MTC, the reduced bandwidth is considered as a potential solution to lower the cost of LTE device which supports smaller maximum bandwidth and works in a wider system bandwidth. For this type of device, the legacy common search space cannot be monitored as the REGs in a CCE are distributed over system bandwidth.

· CRS-based channel estimation is required in every subframe due to common search space monitoring although a Rel-11 UE is configured with ePDCCH, which could be a burden at a UE receiver. Note that Rel-11 UE may not need to perform CRS-based channel estimation in every subframe if transmission mode 9 is configured with ePDCCH for the UE.
To resolve these issues, we may introduce a common search space in ePDCCH region although the same control information could be transmitted in both legacy PDCCH search space and ePDCCH search space. Since UE dedicated control information can be transmitted in common search space, the resource waste can be minimized according to the eNB scheduler implementations.
Proposal 2:  introduce a common search space in ePDCCH.
Given that the common search space is mainly used for broadcasting/multicasting control information, the diversity gain should be targeted for a group of UEs in a cell as different channel conditions are expected for the group of UEs. As agreed in RAN1 #67 meeting, localized and distributed transmissions are available for ePDCCH transmission and the distributed transmission seems to be a proper choice for common search space design in ePDCCH.
Proposal 3: if common search space is introduced in ePDCCH, distributed transmission should be used to achieve frequency diversity gain.
UE-specific Search Space
As Rel-11 UEs may experience different channel condition, both localized and distributed transmissions should be possible in a same subframe so that appropriate ePDCCH transmission mode according to the UE channel status could be selected without any scheduling restriction. As similar with transmission and reporting mode configuration, the ePDCCH transmission scheme can be also configured in a semi-static manner so that a UE may only monitor either localized resources or distributed resources, which implies that the UE-specific search space is defined with a single ePDCCH transmission between localized and distributed transmission. Since the channel condition for a UE may not vary dynamically, the semi-static ePDCCH transmission mode configuration seems to be appropriate.
Proposal 4: a UE-specific search space is defined with either localized or distributed transmission from a Rel-11 UE perspective and the mode can be configured by higher layer signaling.
Search Space Configuration
Since Rel-11 UE may monitor both legacy PDCCH search spaces and ePDCCH search spaces, it may be possible to configure a search space partially located in both legacy PDCCH and ePDCCH so that the Rel-11 UE monitors a half of blind decoding attempts in legacy PDCCH search space and the other half in ePDCCH search space, which may allow dynamic resource switching between legacy PDCCH and ePDCCH. However, this search space sharing may bring up following issues:

· A distributed ePDCCH transmission may provide similar frequency diversity gain as legacy PDCCH. Hence, no performance benefit is expected from dynamic PDCCH type switching.
· An additional CRS-based or DM-RS based channel estimation may be required for legacy PDCCH or ePDCCH blind decoding, thus increasing UE receiver complexity.
· Partially lose resource utilization in both legacy PDCCH and ePDCCH as their blind decoding attempts are divided in each PDCCH resources.
As the introduction of ePDCCH has been agreed to improve legacy PDCCH performance and no benefit is shown from search space sharing, it is natural not to share a UE-specific search space and configure the search space in either legacy PDCCH or ePDCCH.

Proposal 5: a search spaces shouldn’t be shared between legacy PDCCH region and ePDCCH region in a subframe from a Rel-11 UE viewpoint.

3
Conclusions

In this contribution, we discussed on the search space design for ePDCCH in Rel-11. From the discussions and observations, we recommend RAN1 to agree following proposals for further progress on ePDCCH:

Proposal 1: a blind decoding based downlink control channel design as in previous releases should be reused for ePDCCH design in Rel-11.

Proposal 2:  introduce a common search space in ePDCCH.
Proposal 3: if common search space is introduced in ePDCCH, distributed transmission should be used to achieve frequency diversity gain.
Proposal 4: a UE-specific search space is defined with either localized or distributed transmission from a Rel-11 UE perspective and the mode can be configured by higher layer signaling.

Proposal 5: search spaces shouldn’t be shared between legacy PDCCH region and ePDCCH region in a subframe from a Rel-11 UE viewpoint.
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