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Introduction
In the last few meetings RAN1#79/80, some details of physical downlink control channel for MTC have been agreed as follows:
Agreements at RAN1#79:
· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz
· At least for unicast channel,
· For the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage,
· Strive to reduce active transmission/reception time by considering the DCI size
· UE monitoring of multiple ‘Physical downlink control channel for MTC’ decoding candidates and/or one or more repetition level(s) is supported at least for the UE-specific search space
· FFS: whether RS for ‘Physical downlink control channel for MTC’ is based on DMRS, CRS or both
· Working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
· FFS: SIB/RAR/Paging operation without ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage
· FFS: Common search space of ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage
· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported at least for Rel-13 UE supporting enhanced coverage

Agreements at RAN1#80:
· For Rel-13 low complexity MTC UEs:
· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported for normal coverage
· For UEs in enhanced coverage:
· Repetition across multiple subframes is supported for the ‘Physical downlink control channel for MTC’
· Multiple repetition levels in time domain are supported
· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz
· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 
· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS
· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz
· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage
· For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes
· If/When PDSCH is indicated via physical downlink control channel for MTC:
· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE
· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)
· Working assumption: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.


In this contribution, we provide further details of “physical downlink control channel for MTC” relating to whether it should be based on legacy PDCCH or EPDCCH and other aspects such as common (CSS) and UE specific (USS) search spaces for Rel-13 low complexity MTC.

Physical downlink control channel for MTC 
In RAN1#78bis, it has been agreed that physical downlink control channel for MTC will be used to transmit DCI messages to at least Rel-13 low complexity MTC UEs for unicast transmission. In addition in RAN1#79, it has been agreed that legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz. Furthermore, a working assumption was agreed in RAN1#80 stating that Rel-11 EPDCCH is a starting point for design of the physical downlink control channel at least for MTC UEs configured in coverage enhanced mode. The main benefits of EPDCCH over PDCCH-like are to support beamforming, to improve spatial reuse of control resources [4], to enable power spectral density (PSD) boosting and to reduce the specification efforts. Therefore, our preference is that the physical downlink control channel for MTC should be based on existing EPDCCH for all the system bandwidths and this control channel should also be used for other UEs configured in coverage enhanced mode.

Proposal 1: The design of the “physical downlink control channel for MTC” should be based on EPDCCH for all system BWs.

Common Search Space for MTC 
If only EPDCCH is supported for Rel-13 low complexity MTC UE, there should be a way to schedule the common control information such as SIB, RAR and Paging for MTC UEs. There are at least two options:
Option 1: Control-less Common Control transmission - it can be applied similar to PBCH-like design in which transmission timing, resource allocation (RA) and transmission formats (MCS, RV, etc.) are predefined for the common control information transmission. The advantage is that this option provides overhead and power consumption reduction at the UE due to elimination of control channel prior PDSCH reception. The disadvantage is that it lacks eNodeB scheduling flexibility in terms of selecting transmission parameters (TBS, RA, MCS, RV, etc.), managing collisions, distributing the load in time/frequency resources and prioritizing some transmissions over others whenever needed. 

Option 2: EPDCCH CSS transmission - another option is to define common search space (CSS) in EPDCCH to provide dynamic scheduling for the common control information for Rel-13 low complexity UEs. However, the disadvantage is the control overhead compare to Option 1, more specifically for coverage enhanced mode where a significant number of repetitions are needed. The advantage is the eNodeB scheduling flexibility that achieves an efficient system operation. The following design principles can be considered for EPDCCH CSS:
· The resources for EPDCCH CSS can be signaled in PBCH or SIB1
· EPDCCH CSS is based on distributed EPDCCH transmission and if required repetition in time domain can be considered as a baseline to ensure cell-edge coverage. 
· The ratematching parameters for EPDCCH CSS can be pre-determined
· Starting OFDM symbol for EPDCCH CSS can be signaled in PBCH or SIB1.

As discussed in our accompanying contribution [5-6], it is preferred control-less transmission for SIB and EPDCCH CSS transmission for RAR message 2/4 and Paging.
Proposal 2: Consider EPDCCH CSS transmission for RAR message 2/4 and Paging for Rel-13 low complexity MTC UE.
UE Specific Search Space for MTC 
As discussed above, our view is that the design of the physical downlink control channel for MTC should be based on EPDCCH. Therefore, details of EPDCCH USS and how UE finds its location should be provided. 
For USS, the design should be same as in Re-11 where the location of EPDCCH PRB set, DMRS initialization, etc. are configured from higher layers for USS monitoring for each UE. If EPDCCH CSS is defined, then the higher layer configuration should be received via dynamic scheduling on EPDCCH CSS. Other alternatives such as including USS configuration into random access response should be investigated.
In addition, as there is a reduced bandwidth of 6 RBs for MTC, only one set could be supported which can comprise 2, 4 or 6RBs in either localized or distributed allocation. Furthermore, in order to reduce the number of repetitions as well as power consumption at the UE, a higher aggregation level (e.g. 24 ECCEs) should be supported for MTC UEs in coverage enhanced mode where one DCI can fully occupy the reduced bandwidth of 6RBs. 

Proposal 3: Consider supporting a higher aggregation level (e.g. 24) for EPDCCH USS for MTC UEs in coverage enhanced mode. 

[bookmark: _GoBack]Furthermore, in the last two meetings, cross-subframe scheduling has been agreed for both normal and enhanced coverage of unicast transmission. In normal coverage as the number of RBs within the narrow bandwidth may not be fully utilized, it should be possible to have EPDCCH and un-associated PDSCH in the same subframe where the EPDCCH in subframe ‘n’ schedules associated PDSCH in subframe ‘n+k’ (k ≥1), and the PDSCH in subframe ‘n’ is scheduled by the EPDCCH in subframe ‘n-k’ (k ≥1). The parameter k should be decided in conjunction with retuning time.   

DCI overhead Reduction
Another relevant issue for the design of the “physical downlink control channel for MTC” is the overhead reduction for DCI formats which will lead to a lower coding rate for a given aggregation level, and indirectly contributing to the reduction of the number of repetition in time domain. Therefore, some fields of the DCI format can be optimized, for example the followings may contribute to the overall overhead reduction of the compact DCI format (format 1A/0):
· Carrier Indicator Field: This field is not needed as low complexity MTC UE will only support narrow bandwidth of 1.4MHz.
· Flag for format0/format1A differentiation: It is important to keep this flag for differentiation
· Localized/Distributed VRB assignment flag: Hopping flag is needed instead. 
· Resource block assignment: Flexible resource allocation within 6RBs is important. There are two ways: one way is to keep the legacy resource allocation across the whole bandwidth, another way is to indicate subband index and flexible resource allocation with 6RBs which may save roughly up to two bits.
· Modulation and coding scheme: For normal coverage, it seems QPSK and 16QAM can be supported. However, for coverage enhanced mode, the MCS levels can be reduced significantly.
· HARQ process number: For normal coverage, it needs to be investigated further. However, for coverage enhanced mode, one HARQ process should be considered to eliminate this field completely.
· Other fields need to be carefully examined such as New data indicator, Redundancy version, TPC command for PUCCH/PUSCH, Downlink Assignment Index, HARQ-ACK resource offset, SRS request, CSI request, UL index, and Cyclic shift for DM RS and OCC index.

Proposal 4: Consider reducing the overhead of the compact DCI formats, details FFS.


Conclusion
In this contribution, we have provided some further details of physical downlink control channel for MTC and we have the following proposals: 
Proposal 1: The design of the “physical downlink control channel” for MTC should be based on EPDCCH for all system BWs.
Proposal 2: Consider EPDCCH CSS transmission for RAR message 2/4 and Paging for Rel-13 low complexity MTC UE.
Proposal 3: Consider supporting a higher aggregation level (e.g. 24 ECCEs) for EPDCCH USS for MTC UEs in coverage enhanced mode. 
Proposal 4: Consider reducing the overhead of the compact DCI formats, details FFS.
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