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Discussion and Decision
1
Introduction
At RAN1 #80bis meeting, regarding M-PDCCH search space, it was agreed that,
· 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 
In this contribution, we give detailed solutions for M-PDCCH search space design. 
2
M-PDCCH design for UEs in coverage enhancement
As was agreed, a set of possible combinations of {ECCE aggregation level, number of repetition} is defined in the specification, and a subset 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. For UEs in coverage enhancement mode, the argument here is what kind of combinations of ECCE aggregation levels and numbers of repetitions will be supported, e.g., whether to support multiple aggregation levels in each repeated subframe, and/or whether to support multiple number of repetitions. It is observed that the number of decoding attempts for one type of DCI size in one time M-PDCCH detection in UE specific search space is, 
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is the total number of decoding attempts for one time M-PDCCH detection. 
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 is the number of decoding candidates for aggregation level 
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is the number of repetition levels for aggregation level 
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If UE is allowed to be configured with a set of {multiple aggregation levels, multiple number of repetitions for each aggregation level}, the number of blind decoding attempts for one time M-PDCCH detection would be very high. Even with limited number of configured aggregation levels, the number of repetition for each UE in CE mode will increase comparing with only configured aggregation level 24, which cause the additional MTC UE power consumption. Then we have the following observation 1,
Observation 1: Configuring multiple ECCE aggregation levels and multiple number of repetitions for each aggregation level would cause high UE power consumption during the M-PDCCH detection.

In order to ease the blind decoding effort and the corresponding power consumption during M-PDCCH detection, and enable the capability of control channel link adaptation, there were two options as below,

· Option1: To have single number of repetition, and multiple aggregation levels;
· Option2: To have single aggregation level, and multiple number of repetitions
In option1, the highest aggregation level accounts for the worst channel condition. eNB would use lower aggregation level when UE is in better channel condition. It is observed that with common number of repetition for each decoding candidate of each aggregation level, this option cannot have the flexibility to enable eNB transmit a DCI to a CE UE under better channel condition as fast as possible. Thus it leads to comparatively higher power consumption during M-PDCCH detection. 
The typical case in option2 is that the full 6PRB pairs (i.e., AL=24) in the allocated M-PDCCH region would be used for one DCI, and correspondingly there is only one decoding candidate. Multiple number of repetitions are used for control channel link adaptation. Having only one aggregation level and one decoding candidate in typical case would cause dramatically decreased UE power consumption. Besides, this option also enables to always use minimum number of repetition for transmitting one DCI, thus compared with that in option 1, it achieves less power consumption for M-PDCCH detection. 
Observation 2: Configuring multiple ECCE aggregation levels and single repetition number cannot enable one DCI been transmitted as fast as possible, thus causes comparatively higher UE power consumption during M-PDCCH detection.
Based on the analysis, we have the following proposal 1, 
Proposal 1: UEs in coverage enhancement mode only supports a combination of single ECCE aggregation level and multiple numbers of repetitions.
2.1
Search space design
Based on proposal 1, we give search space design for M-PDCCH. The search space is defined in time domain assuming a fixed single aggregation level in frequency domain. It is proposed that for a specific M-PDCCH frequency region (1.4MHz), M-PDCCH search space for MTC UEs in coverage enhanced mode is defined for each M-PDCCH occasion period, which contains K consecutive subframes, as illustrated in Fig.1. M-PDCCH occasion is the first subframe from which UE specific search space defines. The K subframes in each M-PDCCH occasion period are divided into P M-PDCCH units. Each M-PDCCH unit contains B subframes, thus the total number of units within each M-PDCCH occasion period would be 
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. The value of B is chosen to fulfil M-PDCCH decoding performance requirement for all the repetition levels for coverage enhanced MTC UEs, and should maintain the nested structure of M-PDCCH search space.
It is proposed to introduce time domain aggregation levels, each of which is corresponding to one certain repetition level. This kind of aggregation level is defined by using an M-PDCCH unit as the minimum unit. Taking time domain aggregation level 2 as an example as showing in Fig.1, there are 2 M-PDCCH units contained in each AL=2 M-PDCCH candidate. And if eNB use time domain aggregation level 2 for M-PDCCH transmission, M-PDCCH is repeated in all the subframes of the M-PDCCH units included in time domain aggregation level 2.
The M-PDCCH time domain aggregation levels could be one-to-one mapped to each M-PDCCH repetition level for coverage enhanced MTC UEs. The control channel link adaptation is achieved by selecting appropriate time domain aggregation level for the DCI transmission, which is same with that of legacy scheme. Furthermore, the hashing function for deciding the USS can be reused with little modification. In order to reduce the power consumption during M-PDCCH blind detection, it can be considered to limit the number of candidates for each time domain aggregation level. The blocking rate needs to be considered here. 
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Fig.1 M-PDCCH search space defined on top of K subframes
Proposal 2: The M-PDCCH search space can be defined over a configured/predefined number of subframes. The principle of legacy UE specific search space design can be reused in time domain for MTC UE in CE mode.  
2.2
Fall back solution
It is noted that typical MTC UEs in CE mode may be very low mobility UEs, and the channel condition may actually changed in a semi-static way. Then certain aggregation level and/or the repetition level can be configured to UE by eNB after getting the channel condition feedback. UE just needs to monitor the configured aggregation level and/or repetition level, instead of monitor all the aggregation levels as in the legacy. Thus the power consumption or M-PDCCH detection could be further reduced. However in this case, it should be considered to have backup solution to handle the situation when channel condition suddenly becomes deteriorated, UE can still successfully decode the M-PDCCH in the following, where eNB can do reconfiguration on the new aggregation level and/or repetition level for UE to monitor. 
One option is to introduce two sets of time domain aggregation levels for UE to monitor based on eNB configuration, which we call them as aggregation level set 1 and aggregation level set 2. Aggregation level set 1 is a super set of aggregation level set 2, and is configured for UE to monitor periodically. The higher aggregation level is applied for aggregation level set 2 in corresponding M-PDCCH occasion period, such that it is guaranteed that M-PDCCH can be correctly decoded even the channel gets worse. Fig.2 gives one example, UE search the higher aggregation level than configured level in set 2, for other EPDCCH occasion period in set 1, UE just monitor the each occasion period with configured aggregation level. If UE failsg the M-PDCCH detection in detecting aggregation level set 1, it can receive the reconfiguration information during the detecting aggregation level set 2.
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Fig.2 Two sets of time domain aggregation levels
Proposal 3: eNB can configure certain aggregation levels/repetition levels for UE to monitor. Two set of time domain aggregation levels/repetition levels can be defined to ensure successful M-PDCCH detection if the channel condition become deteriorated.
3
Conclusion
In this contribution, we discussed physical downlink control channel enhancement in light of control channel structure, the following observation and proposals are made for the search space design,
Observation 1: Configuring multiple ECCE aggregation levels and multiple number of repetitions for each aggregation level would cause high UE power consumption during the M-PDCCH detection.

Observation 2: Configuring multiple ECCE aggregation levels and single repetition number cannot enable one DCI been transmitted as fast as possible, thus causes comparatively higher UE power consumption during M-PDCCH detection.
Proposal 1: UEs in coverage enhancement mode only supports a combination of single ECCE aggregation level and multiple numbers of repetitions.

Proposal 2: The M-PDCCH search space can be defined over a configured/predefined number of subframes. The principle of legacy UE specific search space design can be reused in time domain for MTC UE in CE mode.  
Proposal 3: eNB can configure certain aggregation levels/repetition levels for UE to monitor. Two set of time domain aggregation levels/repetition levels can be defined to ensure successful M-PDCCH detection if the channel condition become deteriorated.
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