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1. Introduction 
In RAN1#80bis the following is agreed:

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

· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location
· FFS: Which Option to select may depend on amount of required coverage enhancement
· It means one or two option(s) in total
· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:
· Option 1: k is fixed
· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· Option 2: k is variable
· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used
· FFS: Which Option to select may depend on amount of required coverage enhancement
· 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
· 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.

· When the UE is not required to retune to other narrowband region due to monitoring of PSS/SSS, PBCH, SIB, paging occasion, etc.,

· In FD-FDD, the UE can receive PDSCH and transmit PUSCH in every subframe.

· In TDD, the UE can either receive PDSCH or transmit PUSCH in every subframe.

· In HD-FDD, the UE can either receive PDSCH or transmit PUSCH in most subframes (i.e. more than half of the subframes).
· •
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
The following working assumption is made in RAN1#80bis:
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details

This contribution further discusses some consideration on this aspect.
2. Discussion
In Rel-11, only USS EPDCCH is specified whilst common message is scheduled using PDCCH.  Since PDCCH in its current form is not usable for LC-MTC, the common message can be scheduled using MPDCCH or without MPDCCH.  In [1], it was argued that it is beneficial in terms of eNB scheduling flexibility, UE blind decoding complexity and power consumption that RAR and Paging are scheduled using MPDCCH.  Hence, CSS MPDCCH should be specified.
Proposal 1: RAR and Paging are scheduled using CSS MPDCCH.

USS MPDCCH is already agreed to be used to schedule unicast.  For both CSS and USS MPDCCH, we need to define its operations which include:

· Configuration,

· Repetitions and Aggregation Levels

· Search Spaces

· Timing
2.1 Configuration
In Rel-11, USS EPDCCH is RRC configured per UE.  This enables the eNB flexibility in allocating the PRBs for the USS EPDCCH.  It is preferable that RRC configuration is used for LC-MTC in normal and coverage enhanced mode.
Proposal 2: USS MPDCCH is RRC configured for each LC-MTC UE.

Message 4 is the first unicast message in the RACH process containing some RRC configuration for UE.  For initial access, there will be no USS MPDCCH to schedule the Message 4.  One straight forward method is to schedule Message 4 using CSS MPDCCH.  In [2], an alternative method was proposed where a temporary USS MPDCCH configuration can be configured at least for Message 4 in the RAR.  Putting the configuration in RAR can reduce the load on CSS MPDCCH but this will increase the size of the RAR significantly.  CSS MPDCCH load can be reduced by defining multiple CSS MPDCCH, e.g. separate subbands/CSS for different messages.  Therefore we have a preference that the scheduling for first unicast message such as Message 4 is performed by the CSS MPDCCH.  The configuration for CSS MPDCCH such as the subband location and number of PRBs can be indicated in SIB1 or SIB2.  
Proposal 3: The first unicast message, e.g. Message 4, is scheduled using CSS MPDCCH.
Proposal 4: The configuration of CSS MPDCCH is indicated in the SIB (SIB1 or SIB2).
If capacity is required for CSS MPDCCH, separate subbands can be defined for different types of common message.  For example the CSS MPDCCH that schedules RAR and one that schedules paging can be in different subbands.  The common messages are usually targeted for the cell edge.  However, in coverage enhanced mode, some common messages such as RAR can be targeted at specific coverage level since the eNB can make use of the repetition level used in the preamble.  The different repetition levels can be time multiplexed or frequency multiplexed.  Frequency multiplexing can be such that different repetition level of CSS MPDCCH uses different subband.  Such flexibility should be available to the eNB.

Proposal 5: The eNB should have the flexibility to allocate different subbands to CSS MPDCCH scheduling different messages.
Proposal 6: The eNB should have the flexibility to allocate different subbands to CSS MPDCCH of different repetitions.

2.2 Repetitions & Aggregation Levels

In the legacy MPDCCH, several aggregation levels (AL) are provided to allow eNB flexibility in scheduling and managing the radio condition of the UE.  The UE blind decodes the different AL.  Similarly for LC-MTC in coverage enhanced mode, the eNB should have the flexibility to manage the different coverage level and scheduling, with the combination of different repetitions and AL.  The UE can blind decode for different repetitions and AL.
Proposal 7:  Different repetition levels and aggregation levels can be used by the eNB in scheduling MPDCCH.  The UE shall blind decode for these repetition and aggregation levels.

To reduce the number of blind decodes, a subset of repetition levels can be configured semi-statically, e.g. as part of the MPDCCH configuration.  Similarly a subset of ALs can also be configured.  Such semi-static configuration can be made whenever the UE changes from one coverage level to another.
In the legacy EPDCCH, the EPDCCH candidate in the search space changes location according to a hashing function.  It is easier for eNB to manage collision if the location of the MPDCCH candidate remains the same throughout the repetition.  The hashing function can be easily modified such that it is dependent upon only the 1st subframe of the repetition.  NOTE: when frequency hopping is used, the physical location of the MPDCCH candidate changes due to the changes in subband but within the subband the logical location of MPDCCH candidate in the search space remains the same.
Proposal 8: The logical location of the MPDCCH candidate within the search space remains the same throughout the MPDCCH repetition.

2.3 Search Space

Currently an EPDCCH set can occupy 2, 4 or 8 PRBs, for LC-MTC UE, a simple design can be used such that an MPDCCH set always occupies all 6 PRBs within the subband (note the actual MPDCCH does not need to always occupy 6 PRBs in normal coverage).  This is applicable for USS and CSS.  

Proposal 9: A USS MPDCCH set or a CSS subband occupies all 6 PRBs in the subband.

The legacy EPDCCH can be localised or distributed.  Localised transmission relies on reliable CSI feedback which is available in normal coverage.  Although distributed transmission is usually used when reliable CSI feedback is not available such as in coverage enhanced mode, the frequency diversity gain of spreading the MPDCCH within a 6 PRB subband may not provide any meaningful gain.  Furthermore, localised transmission occupying entire 6 PRBs (i.e. AL=24) can be used for coverage enhanced operation.  Hence, the benefit of distributed transmission for coverage enhanced mode is unclear. 
Proposal 10: For coverage enhanced mode, only localised transmission is used.

An AL of 24 is agreed for MPCCH occupying 6 PRBs.  A new set of 6 PRBs can be defined with new candidates.   However, it was argued in [3] that having a single 6 PRBs set would lead to changes to the EREG to ECCE mapping in distributed transmission.  It was therefore suggested to reuse a MPDCCH set of 4 PRBs and 2 PRBs.  It should be noted that using two sets (set of 4 PRBs and 2 PRBs) would require some specification changes on which candidates in each set should be combined otherwise there would be significantly more blind decodings for the UE.  This specification change is likely to be similar to that in introducing new candidates in a new 6 PRB set.  Since the benefit of distributed transmission is not clear and if distributed transmission is not used, then a single 6 PRBs set can be defined.
Proposal 11: For normal coverage, localised transmission can be used.  
Proposal 12: Define a new MPCCH set with 6 PRBs.
For USS, the eNB can configure 2 MPDCCH sets as current system.  These two different sets can occupy different subbands thereby allowing the eNB some choice in using different subband to transmit MPDCCH. These two MPDCCH sets can be time multiplexed.

Proposal 13: For USS, two MPDCCH sets can be configured by the network where these two MPDCCH sets can occupy different subbands.

2.4 Timing

We agreed that:
· 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
This subset of subframes can be configured or it can be determined using a formula, for example as a function of the repetition level [4].  In [5], it is proposed that the USS and CSS are time multiplexed to avoid collision between the different MPDCCH and this can be achieved by configuring the time period in which USS and CSS occurs.  One alternative is to broadcast the time period in which CSS is used and the remaining time period is for USS.  However, if power saving is required, it may be beneficial to restrict the time period in which the UE is required to monitor USS.  

Within the time period where USS (or CSS) occurs, the starting subframe of MPDCCH can be determined by a formula.  The configuration at least for CSS can be broadcast in the SIB
Proposal 14: USS and CSS are time multiplexed and the time period where USS and CSS occur can be configured.  

· Time configuration of CSS is broadcast in the SIB.  

· Time configuration of USS can be broadcast or RRC signalled to the UE

Proposal 15: Within the time period of USS or CSS, the starting subframe of an MPDCCH repetition is determined by a formula that is a function of the repetition.
We also agreed that:

· 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).

For PDSCH, k can be 1 or 2 depending on the time it takes to retune from one subband to another.  Similar timing relationship should also be used for PUSCH, such that, if MPDCCH ends in subframe n, PUSCH should start in subframe n+j, j can be 4 or 5 depending on the time it takes to retune from one subband to another.

Proposal 16: If MPDCCH repetition ends at subframe n, the PDSCH repetition should start at subframe n+k.  FFS whether k=1 or 2. 
Proposal 17: If MPDCCH repetition ends at subframe n, the PUSCH repetition should start at subframe n+j, where j=4 or 5.
3. Conclusion

In this contribution we discuss some considerations for MPDCCH.  We propose the following:

Proposal 1: RAR and Paging are scheduled using CSS MPDCCH.

Proposal 2: USS MPDCCH is RRC configured for each LC-MTC UE.

Proposal 3: The first unicast message, e.g. Message 4, is scheduled using CSS MPDCCH.
Proposal 4: The configuration of CSS MPDCCH is indicated in the SIB (SIB1 or SIB2).
Proposal 5: The eNB should have the flexibility to allocate different subbands to CSS MPDCCH scheduling different messages.

Proposal 6: The eNB should have the flexibility to allocate different subbands to CSS MPDCCH of different repetitions.

Proposal 7:  Different repetition levels and aggregation levels can be used by the eNB in scheduling MPDCCH.  The UE shall blind decode for these repetition and aggregation levels.

Proposal 8: The logical location of the MPDCCH candidate within the search space remains the same throughout the MPDCCH repetition.

Proposal 9: A USS MPDCCH set or a CSS subband occupies all 6 PRBs in the subband.

Proposal 10: For coverage enhanced mode, only localised transmission is used.

Proposal 11: For normal coverage, localised transmission can be used.  
Proposal 12: Define a new MPCCH set with 6 PRBs.
Proposal 13: For USS, two MPDCCH sets can be configured by the network where these two MPDCCH sets can occupy different subbands.

Proposal 14: USS and CSS are time multiplexed and the time period where USS and CSS occur can be configured.  

· Time configuration of CSS is broadcast in the SIB.  

· Time configuration of USS can be broadcast or RRC signalled to the UE

Proposal 15: Within the time period of USS or CSS, the starting subframe of an MPDCCH repetition is determined by a formula that is a function of the repetition.

Proposal 16: If MPDCCH repetition ends at subframe n, the PDSCH repetition should start at subframe n+k.  FFS whether k=1 or 2. 
Proposal 17: If MPDCCH repetition ends at subframe n, the PUSCH repetition should start at subframe n+j, where j=4 or 5.
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