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Discussion/Decision
1 Introduction

The objectives of the Enhanced downlink control channel for LTE WI [1] states:

The work item will specify an enhanced physical downlink control channel(s) that is/are able to operate on legacy carriers and on the new carrier type (as is being introduced under the WI on CA Enhancements for LTE, LTE-CA-EN). The enhanced physical downlink control channel(s) shall be able to support increased control channel capacity, to support frequency domain ICIC, to achieve improved spatial reuse of control channel resource, to support beamforming and/or diversity, to operate in MBSFN subframes (Note that ability to operate in non-MBSFN subframes is also assumed.), and to coexist on the same carrier as legacy UEs. It is also desirable for the enhanced physical downlink control channel to be able to be scheduled frequency-selectively, and to be able to mitigate inter-cell interference.

From the perspective of the low cost MTC UE SI [2] the enhanced physical downlink control channel (ePDCCH) WI objectives are important not least for the following reasons:
· The low cost MTC UE SI TR 36.888 [3] states that a reduction in maximum bandwidth may provide significant cost saving for a low cost MTC UE. If such a low cost MTC UE with reduced maximum bandwidth is operating in a carrier with a system bandwidth greater than the MTC UE, then the MTC UE will be unable to decode the PDCCH (together with PCFICH and PHICH); that is to say all signals that are transmitted over the entire system bandwidth. The ePDCCH offers an opportunity to provide a narrow bandwidth control region to the benefit of MTC UEs.
· Initial investigation has been carried out [4] into control channel capacity when required to support MTC operation. MTC traffic is broadly characterised by small traffic transactions offered by many users in each cell. The ePDCCH, as the WI suggests, shall be able to increase control channel capacity.

· To facilitate the use of MTC operation in MBSFN subframes.

Furthermore at TSG RAN WG1 #68 it was recognised during discussion of the MTC SI that support for MTC is inherent within the ePDCCH WI. This document therefore reviews ePDCCH decisions made in RAN1#67 and RAN1#68 and how those decisions align with the MTC requirements.
2 Discussion
The section reviews decisions made for ePDCCH at RAN1#67 and RAN1#68 and contrasts those decisions with MTC requirements described as part of the low cost MTC UE SI. The discussion is divided into the following topic areas:
· Reference signals.

· Multiplexing of PDSCH.

· Search Space.

· Multiplexing of different DCI messages.

· MIMO support.
2.1 Reference signals

The following decisions consider reference signals for ePDCCH:
· CRS is not used for demodulation – a working assumption from RAN1#67.
· DMRS is used for demodulation – an agreement (and based on a working assumption) from RAN1#67.
· Both localised and distributed transmission of the enhanced control channel are supported – an agreement from RAN1#67.
· At least for the ePDCCH transmission that supports localized transmission: Single layer (i.e., rank 1) transmission is supported, support of 2 layer SU-MIMO is FFS – an agreement from RAN1#68.
In light of these decisions the following observations for MTC operation are made:

· Localised transmission: This transmission scheme can be characterised as frequency selective (based on CQI feedback) addressing specific UEs across one or more PRBs with UE-specific DMRS. The feedback overhead required to support frequency selective scheduling may be inappropriate for small infrequent MTC transmissions.
· Distributed transmission: If it is assumed there is no up-to-date CSI feedback (due to high mobility or other cases where CSI is outdated or not available) then a distributed ePDCCH over a number of PRBs would be a desirable solution to exploit frequency diversity in the receiver. Distributed transmissions can be used to address individual or groups of UEs using shared RS as is the case for Release 8-10 PDCCH.
· A target characteristic of MTC operation is the minimisation of feedback required from the UE. A UE is expected to transmit infrequently and so regular feedback is redundant, wasteful and, for instance to reduce power consumption for battery powered MTC devices, is undesirable. It is therefore important to utilize a distributed transmission mode of operation for ePDCCH to reduce feedback requirements when decoding the ePDCCH, but at the same time retain frequency diversity gain and provide interference diversity. Furthermore it is desirable to use distributed transmission to support UE specific signalling with the same aim of reducing the need for feedback overhead.

· A low cost MTC UE may only support a reduced bandwidth and this bandwidth may be less than the system bandwidth. A distributed transmission approach would need to ensure the ePDCCH is at least transmitted in the bandwidth supported by the MTC UE. The narrower bandwidth available to MTC UEs is likely to result in a reduction in frequency diversity gain for the distributed transmission case.
· The low cost MTC UE SI expects there is no support for spatial processing. It is therefore assumed that ePDCCH will support TM1 and TM2, but that there is no requirement for MTC UEs to support ePDCCHs using other transmission modes.

2.2 Multiplexing of PDSCH

The following decisions consider multiplexing of PDSCH and ePDCCH:
· ePDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits – an agreement from RAN1#68.
· Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted – an agreement from RAN1#68.
In light of these decisions the following observations for MTC operation are made:

· If it is assumed that a reduced bandwidth MTC UE is unable to decode the PDCCH then the symbols for the control region are effectively unusable for MTC. The efficient use of ePDCCH for MTC control signalling is therefore required to redress this shortfall in capacity for MTC operation.

· Multiplexing of ePDCCH for MTC requires careful consideration. This is especially true if different MTC UEs are scheduled in different reduced bandwidth portions of the system bandwidth.
· It is noted that MTC UEs are likely to have a reduced number of TrCH bits per assignment as a consequence of the expected MTC traffic profile.

2.3 Search Space

The following decisions consider search space design for ePDCCH:
· CSS requirements were discussed – an agreement from RAN1#68.
· Localized and distributed transmissions on ePDCCH were discussed in terms of search space design – an agreement from RAN1#68.
· Definition: Distributed transmission of ePDCCH involves transmission of a DCI message in more than one PRB-pair
In light of these decisions the following observations for MTC operation are made:

· An ePDCCH CSS (Common Search Space) would be required if PDCCH cannot be received by a reduced bandwidth MTC UE.
·  The ePDCCH CSS would be required to be receivable within the reduced bandwidth received by the MTC UE.
· The ability of the ePDCCH to be carried with a realisation of ePCFICH and ePHICH would offer significant advantage. In order to maximise the resources available for MTC UEs, the ePCFICH may need to describe the extent of the PDCCH control channel region as well as the extent of the ePDCCH control channel region. As with PDCCH, the PCFICH and PHICH are transmitted across the entire system bandwidth and in their current realisation can not be decoded by an MTC UE using a reduced bandwidth.

2.4 Multiplexing of different DCI messages
There have been no decisions concerning multiplexing of different DCI messages in ePDCCH. However, the following observations for MTC operation are made:

· Given the discussion concerning distributed transmission of ePDCCH for MTC in section 2.1 then we support multiplexing different DCIs across the PRBs allocated for ePDCCH.

· Finer granularity of the ePDCCH parameters (e.g. CCE sizes) is required to support the expectation of small messages in MTC systems, specifically:
· MTC message sizes (on PDSCH) are going to be smaller; hence PDCCH should be in appropriate proportion to allocated PDSCH resources.

· MTC devices are likely to support a subset of Release 8-10 features; hence the ePDCCH DCI formats could be smaller to make better use of resources. In early discussions on ePDCCH, mention has been made of the possible use of smaller DCI formats that result in an increase in PDCCH capacity.

2.5 MIMO support
A key feature motivating ePDCCH design is MIMO support. The consideration of MIMO support for MTC is important given an MTC devices will:
· Possess a single RF chain only.

· Be required to operate with minimal feedback.

Hence it is highly likely that low cost MTC devices will not support MIMO and that MIMO-specific ePDCCH features will not be appropriate for low cost MTC devices.

3 Observations
The following general observations for ePDCCH in support of MTC are made:

· ePDCCH should support a distributed transmission scheme.
· ePDCCH should permit operation with minimal feedback requirements.

· ePDCCH should permit distributed transmissions of control signalling in bandwidths less than the system bandwidth in order to support reduced bandwidth MTC UEs.

· Multiplexing of ePDCCH for MTC requires careful consideration. This is especially true if different MTC UEs are scheduled in different reduced bandwidth portions of the system bandwidth.
· ePDCCH should support a common search space.
· Support for ePCFICH and ePHICH together with ePDCCH is desirable.

· Finer granularity of the ePDCCH parameters (e.g. CCE sizes) is required to support the expectation of small messages in MTC systems.

· ePDCCH should support MTC UEs having no support for MIMO operation.
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