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1 Introduction

In RAN1 #80bis meeting, agreements on downlink control channel were listed below [1]:
· 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

· 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

· 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

Detailed designs on M-PDCCH enhancement are discussed in this contribution. Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC. In this contribution, EPDCCH, M-PDCCH and physical downlink control channel for MTC have the same meaning and M-PDCCH and EPDCCH are used in different sections.
2 M-PDCCH
2.1 CSS for M-PDCCH
For Rel-13 low complexity UEs and MTC UEs in enhanced coverage, common control messages may be operated without M-PDCCH or scheduled by M-PDCCH.
· SIB operation

In RAN2 #89 meeting, it was agreed that new SIB1 is common for EC and LC, and dynamic L1 information in PDCCH is not needed for acquiring of “SIB1”. If New SIB(s)(including “SIB1” and possible other “SIBs”) is/are transmitted by control-less mode, it can be transmitted in predefined time and frequency location and potential candidate TBS sets for blind detection would be specified. Since new SIB(s) contents are restricted to a small number of TBS sets and types as discussed in [2], blind detection of SIB messages could be easier with limited MCS and PRB pairs. 
· RAR/Paging  operation
In RAN1 #80bis, three options for paging/RAR transmission mechanism were provided.  Taking into account the variable number of UEs in Paging/RAR message and better scheduling flexibility [3], RAR/Paging transmission scheduled by M-PDCCH should be supported. Common search space of M-PDCCH for Rel-13 low complexity UEs and UEs in enhanced coverage should be introduced. Considering that RAR/Paging messages would be scheduled in CSS, the frequency location of CSS would be fixed or predefined in limited PRB pairs within the system bandwidth. Compared with USS, fewer aggregation level and candidates would be configured for CSS.

Proposal 1: Common search space of Physical downlink control channel for MTC for Rel-13 low complexity UEs and MTC UEs in enhanced coverage should be introduced.
2.2 Initialization of USS
In RAN1 #80bis, some options for initialization of UE-specific EPDCCH configuration has been concluded below:
·  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

It was agreed that Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage and MTC UEs in enhanced coverage. Rel-11 EPDCCH is configured by RRC signaling after RRC establishment. 
Before RRC establishment, initialization of UE-specific EPDCCH configuration may depend on the introduction of CSS. If CSS is introduced, UE-specific EPDCCH originally to be transmitted in USS can use CSS for transmission. Or Alt.1A can be used to initial USS. If CSS is not introduced, USS initialization could be predefined or be obtained by Alt.2 or Alt.3. Predefined combined with Alt.2 or 3 may also be considered. Taking into account large overhead of USS initialization, Alt.3 would have significant impact on random access procedure. Since unicast traffic is few before RRC establishment, UE-specific EPDCCH using CSS seems a simple method. 
Proposal 2: Before RRC connection establishment, CSS can be used for scheduling unicast traffic and initialization of UE-specific EPDCCH configuration.
2.3 Narrow band(s) for M-PDCCH
Narrow band(s) for M-PDCCH for Rel-13 low complexity UEs and UEs in enhanced coverage could be determined from CSS and USS aspects. For a narrow band with only 6PRB group, it may not have enough resources to contain CSS and USS within single narrow band. It is better for CSS and USS to be configured independently according to different characteristics of two search space. As shown in Figure 1, a narrow band for physical downlink control channel could either contain CSS and USS or only contain one of them. Parameters relevant to CSS could be predefined or configured by SIB, while parameters relevant to USS could be predefined or configured by RRC signaling. Broadcast traffic and/or unicast traffic can be scheduled in any other narrow band through cross-subframe scheduling. 
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Figure 1 Narrow band(s) for physical downlink control channel
When USS and CSS are located in different narrow bands in a subframe, UE can only receive one of them. The reception priority can be predefined or up to the UE’s implementation. When USS and unicast traffic are located in different narrow band in a subframe, the UE can only receive one of them. The UE should consider the factor of UL synchronous feedback when deciding which one to receive.

Proposal 3: Narrow band(s) for CSS and USS could be configured independently.
3 Especially for Coverage Enhancement
3.1 Repetition Level and Aggregation Level
It was agreed that “Multiple ECCE aggregation levels and multiple numbers of repetition 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.”
There are four possible combinations of {ECCE aggregation level, number of repetition} for blind detection of M-PDCCH. Option1 corresponds to single Total Aggregated Resource (TAR) while Option2/3/4 corresponds to multiple TARs. 
Option1: single ECCE aggregation level and single number of repetition

Option2: single ECCE aggregation level and multiple numbers of repetition
Option 3: multiple ECCE aggregation levels and single number of repetition
Option4: multiple ECCE aggregation levels and multiple numbers of repetition
In RAN1 #80bis meeting, it was agreed that a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs. This means one new aggregation level was introduced with 24 ECCE and UE would monitor multiple aggregation levels. Multiple aggregation levels are beneficial for obtaining scheduling flexibility and avoiding resource collision. In order to reduce blind detection complexity, fewer aggregation levels would be detected. For example, large aggregation levels such as 8ECCE, 16ECCE and 24 ECCE are used when CE level is higher.

In above four options, option 1 may be suitable for UEs under stable channel conditions. For UEs with large coverage enhancement requirement, option 2 with 24 ECCE aggregation level may be applicable. For UEs with small or middle coverage enhancement requirement, option 2, 3 or 4 are applicable. For UEs with normal coverage, option 3 with 1 repetition number is applicable. So, multiple possible combinations of {ECCE aggregation level, number of repetition} configured by higher-layer signaling should be supported. 
If RRC signaling is used to indicate combinations of {ECCE aggregation levels, numbers of repetition} configuration, the signaling can be explicit or implicit. In order to reduce the total number of blind detection, ECCE aggregation levels or numbers of repetition may not be larger than 4. In addition, 1, 2 or 4 ECCE aggregation levels and 1, 2 or 4 numbers of repetition could be combined on consideration of limitation of total number of candidates. 
If explicit signaling is used, dedicated information related to ECCE aggregation levels and number of repetition would be indicated to MTC UE. This is a simple method and a large number of combinations would be specified. If implicit signaling is used, fewer parameters maybe used to indicate ECCE aggregation levels and number of repetition. ECCE aggregation level can be determined by configuration of PRB set for USS. One possible way to determine number of repetition is that each coverage enhancement level(CL) corresponds to one default repetition times, and other repetition times could be obtained by adjustment factors.  For example, default repetition times for CL3 is X, adjustment factors is k (0<k<0.5), the exact number of repetition can be obtained by {(1-2k)•X, (1-k)•X, (1+k)•X, (1+2k)•X}. From overhead point of view, implicit signaling seems better.
Before RRC establishment, common combinations of {ECCE aggregation levels, numbers of repetition} would be used for all UEs. Considering UEs with different coverage enhancement levels, largest repetition times and multiple ECCE aggregation levels should be used for M-PDCCH transmission. Common combinations of {ECCE aggregation levels, numbers of repetition} could be predefined or indicated by MTC SIBs.

Proposal 4: Multiple ECCE aggregation levels should be supported and implicit signaling for combinations of {ECCE aggregation level, number of repetition} configuration could be used for Rel-13 low complexity UEs and MTC UEs in enhanced coverage.
3.2 Starting Sub-frames
For UE-specific search space, from the UE perspective, the possible starting sub-frames of M-PDCCH for MTC repetitions are limited to a subset of subframes. The starting sub-frames of the first transmission for M-PDCCH repetitions may be restricted by formula (k+h*n) mod N=0, in which k is the starting sub-frames index, h is available sub-frames number in a frame, n is SFN and N is repetition times of M-PDCCH (e.g., if all downlink subframes can be used for M-PDCCH, FDD mode: h=10; TDD mode with UL-DL sub-frames configuration 1: h=4).  Examples are shown in Figure 2.  It is assumed that all subframes are available sub-frames, i.e., does not contain MBSFN subframes used for PMCH transmission. 
In Figure 2:
- If/when repetition level 1(e.g. 10 times) is used, UE decode at subframe 10, 20, 30, 40…while starting subframe = 0, 10, 20, 30, 40…
- If/when repetition level 2(e.g. 20 times) is used, UE decode at subframe 20, 40…while starting subframe = 0, 20, 40…
- If/when repetition level 3(e.g. 40 times) is used, UE decode at subframe 40, 80…while starting subframe = 0, 40, 80…
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Figure 2 Possible starting sub-frames of M-PDCCH for MTC repetitions
Proposal 5:  The starting sub-frames of the first transmission for M-PDCCH repetitions can be determined by repetition level/times.
3.3 Mapping of 24 ECCE aggregation level 
In RAN1 #80bis, it was agreed that a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs in a subframe. For mapping of L=24 ECCE, there may be two possible ways. One is introducing PRB set with size of 6 PRB pairs; the other is puncturing 8PRB set. The second method may reduce link performance of EPDCCH, so the first one is preferable.
To introduce 6PRB set, 24 ECCE can be mapped to all over the 6PRB pairs and distributed mapping of 24 ECCE would be specified. Alternatively, ECCE mapping in 6PRB set can be realized by sub-set mapping with minor specification impact. ECCE mapping in 6PRB set could be realized based on current 2PRB set and 4 PRB set. For example, within 6PRB set, ECCE #0~#7 are mapped to first 2 PRB pairs according to mapping of 2PRB set and ECCE #8~#23 are mapped to rest of 4 PRB pairs according to mapping of 4PRB set.  ECCE mapping in 6PRB set could also be realized by sub-set mapping based on current three 2PRB set. 
If sub-set mapping method is used, MTC UEs and legacy UEs can be easily multiplexed within 6PRB set. If frequency location of 2PRB set or 4PRB set within a 6PRB set for MTC UEs is configured for legacy UEs, legacy UEs and MTC UEs would have the same understanding on ECCE mapping. Then, collision of ECCE mapping between legacy UEs and MTC UEs would not occur and resource efficiency of EPDCCH region would be improved. Sub-set mapping is preferable for AL=24 ECCE mapping if 6PRB set is introduced. The specific sub-set mapping configuration can be indicated to MTC UEs by RRC signaling during configuration of search space.
Proposal 6:  Sub-set mapping is preferable for AL=24 ECCE mapping if 6PRB set is introduced.
3.4 Frequency Hopping
Frequency hopping of M-PDCCH can be supported in enhanced coverage on consideration of hopping gains. Two hopping schemes can be considered. 

Scheme 1: hopping with hopping granularity dedicated for each repetition level
Scheme 2: hopping with common hopping granularity
Common hopping granularity could be the repetition times of lowest repetition level or half of the repetition times. There are not obvious performance differences between the above two schemes. On consideration of resource utilization, scheme 2 is more suitable for M-PDCCH hopping with different repetition levels in the same PRBs.
Proposal 7: Hopping should be supported for M-PDCCH and hopping with common hopping granularity is preferable.
4 Downlink Control Information
For Rel-13 low complexity UEs, it is required to optimize the resource allocation field in DCI because of narrow band restriction. Resource allocation is discussion in [4] and we support continuous and discontinuous resource allocation type within any 6PRB groups.
Besides coverage enhancement, methods of reduction of power consumption or repetition times should be considered for Rel-13 low complexity UEs. Compact DCI can reduce the repetition times for EPDCCH. As described in [5], Compact DCI formats can improve the coverage, e.g., about 1.7-2.4 dB coverage gain can be provided by reducing DCI format size from 29/27 bits to 9/10 bits. However, Compact DCI used for EPDCCH may have some specification impact. For Rel-13 low complexity UEs in enhanced coverage, unnecessary fields in DCI can be compacted on consideration of reducing repetition times of M-PDCCH. Resource allocation field can be reduced to 1-2bit if restricted RBGs is configured [4]. MCS and RV field could also be reduced. On the other hand, some fields may need to be added for MTC UEs, such as variable k value for indicating PDSCH start subframe, repetition times for traffic channels.

In order to reduce the blind detection complexity, one DCI type would be supported for each transmission mode. There could be only one DL grant format and one UL grant format for MTC UEs in enhanced coverage. Transmission mode would be only one type and it needs further study on whether transmission mode is CRS based or DMRS based or both [6].
Proposal 8: DCI optimization is needed for Rel-13 low complexity UEs. For transmission mode in downlink or uplink, only one type of compact DCI would be used for MTC UEs in enhanced coverage. 
5 Conclusions
In this contribution, further considerations on channel-PDCCH are discussed for Rel-13 low complexity UEs and UEs in enhanced coverage. We make the following proposals:
Proposal 1: Common search space of Physical downlink control channel for MTC for Rel-13 low complexity UEs and MTC UEs in enhanced coverage should be introduced.
 Proposal 2: Before RRC connection establishment, CSS can be used for scheduling unicast traffic and initialization of UE-specific EPDCCH configuration.

Proposal 3: Narrow band(s) for CSS and USS could be configured independently.

Proposal 4: Multiple ECCE aggregation levels should be supported and implicit signaling for combinations of {ECCE aggregation level, number of repetition} configuration could be used for Rel-13 low complexity UEs and MTC UEs in enhanced coverage.
Proposal 5:  The starting sub-frames of the first transmission for M-PDCCH repetitions can be determined by repetition level/times.
Proposal 6:  Sub-set mapping is preferable for AL=24 ECCE mapping if 6PRB set is introduced.
Proposal 7: Hopping should be supported for M-PDCCH and hopping with common hopping granularity is preferable.

Proposal 8: DCI optimization is needed for Rel-13 low complexity UEs. For transmission mode in downlink or uplink, only one type of compact DCI would be used for MTC UEs in enhanced coverage. 
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