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1 Introduction
Many agreements on M-PDCCH for Rel-13 MTC UEs not in coverage enhancement mode and UEs in coverage enhancement mode have been made, which are included in the Annex. In this contribution, we discuss several remaining issue regarding M-PDCCH.
2 UE specific search space of M-PDCCH

It has been agreed that E-PDCCH is the starting point for M-PDCCH design. For E-PDCCH, both localized and distributed E-PDCCHs are supported. Localized E-PDCCH allows better utilization of the channel state information to exploit the gain of closed loop precoding, which is suitable for low speed UEs. Distributed E-PDCCH adopts random beamforming, which is suitable for high speed UEs and the gain of closed loop precoding is therefore not large. For UEs in coverage enhancement mode, localized M-PDCCH transmission is useful to reduce the number of transmissions, which consequently reduces the UE power consumption. On the other hand, it is also useful to support distributed M-PDCCH to cover all possible future MTC use cases. Therefore,

Proposal 1: Both localized and distributed M-PDCCHs are supported. 

Furthermore, the number of subframes a UE monitors E-PDCCH USS is configured by higher layers. UE monitors both E-PDCCH sets, if configured, in the same set of subframes. In particular, a UE can be configured with one localized E-PDCCH and one distributed E-PDCCH. The localized E-PDCCH provides higher closed loop beamforming gain and the distributed E-PDCCH can serve as a fall back mode. For Rel-13 MTC UEs, configuring two sets of M-PDCCH in the same subframe is less useful since the UE only support 1.4MHz. Therefore, it is worthwhile to consider that the Rel-13 MTC UE can be configured to monitor localized M-PDCCH and distributed M-PDCCH in different sets of subframes.

Proposal 2: A Rel-13 MTC UE monitors only one M-PDCCH USS in a subframe, and can be configured to monitor localized M-PDCCH and distributed M-PDCCH in different sets of subframes. 

For E-PDCCH, each set of E-PDCCH can occupy 2, 4, or 8 PRB pairs. For M-PDCCH, it has been agreed that an aggregation level equivalent to L=24 ECCEs is supported. It is noted that the EREG and ECCE definition from E-PDCCH can be directly reused for M-PDCCH. Hence it is straightforward to support an aggregation level equivalent to 24 ECCEs by introducing a 6 PRB pair M-PDCCH. 
Proposal 3: The EREG and ECCE definitions are reused for M-PDCCH, and an M-PDCCH candidate can occupy 6 PRB pairs.  

It has been agreed that an M-PDCCH candidate includes an aggregation level L and a repetition number R. For an M-PDCCH candidate with R>1, it is beneficial from UE power consumption perspective that L=24. Therefore,

Proposal 4: For an M-PDCCH candidate with R>1, L=24.

It is also beneficial to reduce the number of M-PDCCH candidates in the M-PDCCH USS for Rel-13 MTC UEs, considering 1) less number of M-PDCCH blind decodings can reduce the UE complexity/cost; and 2) the number of UEs scheduled within a subframe is limited for 1.4MHz bandwidth. 

Proposal 5: Consider limiting the number of M-PDCCH candidates in the M-PDCCH USS. 
3 Common search space of M-PDCCH 
M-PDCCH CSS may be used to schedule PDSCH containing the UE specific RRC configurations for each Rel-13 MTC UE, e.g. the M-PDCCH USS configuration. Further, it has been agreed that M-PDCCH scheduled PDSCH can carry paging or RAR, in case there are multiple paging records or multiple RARs to be transmitted. The time/frequency location of the M-PDCCH CSS shall be known to the UE, e.g. transmitted in SIB1 or pre-determined in the specification. 

Proposal 6: M-PDCCH CSS is supported for Rel-13 MTC UEs. 
It is noted that the narrow band containing the M-PDCCH CSS can be different from the narrow band containing the M-PDCCH USS. Therefore, the Rel-13 MTC UE may not receive M-PDCCH CSS and M-PDCCH USS in the same subframe. eNB shall not attempt to transmit DCI in the M-PDCCH in subframes where the UE monitors the M-PDCCH CSS. 
4 Conclusions
In this contribution, we discuss several aspects on M-PDCCH for Rel-13 MTC UEs, with the following proposals:
Proposal 1: Both localized and distributed M-PDCCHs are supported. 

Proposal 2: A Rel-13 MTC UE monitors only one M-PDCCH USS in a subframe, and can be configured to monitor localized M-PDCCH and distributed M-PDCCH in different sets of subframes. 

Proposal 3: The EREG and ECCE definitions are reused for M-PDCCH, and an M-PDCCH candidate can occupy 6 PRB pairs.  

Proposal 4: For an M-PDCCH candidate with R>1, L=24.

Proposal 5: Consider limiting the number of M-PDCCH candidates in the M-PDCCH USS. 

Proposal 6: M-PDCCH CSS is supported for Rel-13 MTC UEs. 
5 Annex: Agreements related to M-PDCCH
· Regarding the physical downlink control channel for MTC:

· It is used to transmit DCI messages to Rel-13 low complexity UEs

· Its usage for other purposes than unicast transmission is FFS

· Its usage for other UEs in enhanced coverage is FFS

· It is a narrowband (within 6 PRBs) control channel

· Its demodulation is based on CRS and/or DMRS (FFS)

· It is not mapped to legacy control regions

· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable

· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH
· 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
· 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 a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs

· Confirm the working assumptions:
· Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC at least for MTC UEs in coverage enhancement
· For Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC is based on at least DMRS
· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage
· The demodulation of the physical downlink control channel for MTC is based on at least DMRS for MTC UEs in normal coverage
· For the physical downlink control channel repetition for Rel-13 low-complexity MTC UEs in enhanced coverage, the following techniques are supported
· In order to allow cross-subframe channel estimation, location of a PRB-set for physical downlink control channel for MTC is the same during at least X subframes
· X value and indication are FFS
· This does not preclude dis-continuous transmission for the physical downlink control channel for MTC
· Working assumption: Same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location is switched according to a pattern every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y
· Configurability of X, Y, and frequency hopping is FFS
Observations:
· For Rel-13  MTC UEs in both normal coverage and enhanced coverage, the initialization of UE-specific EPDCCH configuration can be performed based on
·  Alt.1A: Dedicated RRC signaling scheduled by EPDCCH in common search space(CSS) if CSS is supported
· The parameters for UE-specific EPDCCH set initialization are included in the RRC signaling scheduled by EPDCCH in CSS
· FFS: The configuration and design of this CSS
· Alt.1B:  Signaling scheduled by EPDCCH in common resources (ref. R1-150060)
· The parameters for UE-specific EPDCCH set initialization are scheduled in common resources
· Alt.2: System information blocks for MTC
· The parameters for UE-specific EPDCCH set initialization are included in the SIBs 
· FFS: Details of scheduling of SIB
· Alt.3A: Messages during RACH: RAR
· The parameters for UE-specific EPDCCH set initialization are included in the RAR
· FFS: Details of scheduling of RAR
· May be combined with Alt.1 or Alt.2
· Alt.3B: Messages during RACH: Message 4
· The parameters for UE-specific EPDCCH set initialization are included in message 4
· FFS: Details of scheduling of message 4
· Other alternatives are not precluded

· For a Rel-13 low complexity UE not operating coverage enhancements:
· Multiplexing of ‘Physical downlink control channel for MTC’ and un-associated PDSCH in the same subframe to the same UE is supported.

· Multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for ‘Physical downlink control channel for MTC’

· A set of possible combinations of {ECCE aggregation level, number of repetition} is defined in the spec

· FFS: what combinations of ECCE aggregation levels and numbers of repetitions to support

· The following earlier RAN1 agreements are not affected by the above FFS.

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· 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

· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs

· FFS: how to define starting ECCE indices

· A subset of the above set of combinations can be semi-statically configured for constructing a UE-specific search space for ‘Physical downlink control channel for MTC’ by higher-layer signaling

· If configured by higher-layer signaling, it is FFS whether signaling is implicit or explicit.

· Parameters defining an ‘Physical downlink control channel for MTC’ blind decoding candidate in a UE-specific search space (USS) include at least an ECCE aggregation level and a number of repetitions

· FFS: Other signaling mechanisms and parameters in addition to above set of combinations for constructing UE specific search space
· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage
· FFS details of configuration
· FFS whether configuration is implicit or explicit
· FFS whether configuration is UE-specific or cell-specific
· For an M-PDCCH candidate with {L, R}
· L: ECCE aggregation level, R: number of repetitions
· The L is the same within R subframes
· The ECCE indices are same within R subframes
· For an M-PDCCH UE-specific search space
· Multiple M-PDCCH candidates with the same {L, R} can be configured. 
· M-PDCCH candidates with different R can be configured for enhanced coverage.
· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 
· Confirm working assumption with the following revised proposal
· The UE may assume the same precoder per antenna port applies at least on the same PRB for at least X subframes.
· FFS: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes.
· FFS: Details on PRG size
· Companies are encouraged to evaluate potential performance benefits due to PRG, especially comparing with precoding diversity. Impact due to frequency offsets can also be considered

· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband

· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR
