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Introduction
On EPDCCH decoding candidates for MTC, the followings were agreed during RAN1#80bis meeting [1]:
Agreements:
· Multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for ‘Physical downlink control channel for MTC’
· [bookmark: _GoBack]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 provide discussions and analysis on possible signalling mechanisms for indicating the combination subset that could be considered to reduce UE processing complexity and power consumption.
Discussion
For coverage enhancement of ‘physical downlink control channel for MTC’ (EPDCCH), repeated transmission of same EPDCCH or its DCI from the serving cell is currently being considered as the main mechanism for improving decoding performance of downlink control information for MTC devices in poor coverage area. As MTC devices within the same serving cell are most likely subject to different coverage and channel condition, different repetition levels of EPDCCH in the time domain as per current agreement would seem necessary for different level of coverage enhancement.
Typically, there may be 2, 3 or 4 coverage improvement levels for the EPDCCH at {3.4dB, 6.8dB, 10.2dB, 13.6dB}. In order to obtain the maximum 13.6dB coverage enhancement for example, a EPDCCH transmission would be repeated as many as 75 times or more. If a MTC UE always try to store and accumulate control information transmitted in 75 downlink subframes before attempting to decode EPDCCH regardless of whether or not the EPDCCH transmission is intended for the UE, significant amount of power consumption and UE buffer would be wasted when there is no EPDCCH transmitted or the EPDCCH is intended for another UE. In order to operate efficiently and to save power consumption, it is beneficial for a UE to know in advance whether there will be a EPDCCH transmitted for it or not and the repetition level for the associated EPDCCH transmission. That is, no processing power wasted on detecting unintended/unnecessary EPDCCH and its repetitions.
In the last meeting, in order to reduce processing complexity for low-complexity MTC UEs operating in coverage enhanced mode, it was agreed to indicate EPDCCH decoding candidates to the UE by means of signalling a set of combinations of {ECCE aggregation level, number of repetition} that the UE should monitor and perform blind decoding. In the following sections, different signalling mechanisms of providing parameter combination set to the UE are discussed.
Semi-static configuration by higher-layer signalling
As agreed in [1], one possible signalling mechanism of providing a set of combinations of {ECCE aggregation level, number of repetition} is by semi-static configuration using higher-layer signalling  to a MTC UE. If the explicit method of RRC configuration is used, ideally the eNB should configure the UE with just the right ECCE aggregation level and number of repetition (one combination only) for the UE to perform blind decoding [2]. However, in order to account for possible coverage and channel condition change at the UE, it is more practical for the eNB to configure a set of multiple combinations such that it can adaptively select a right combination that is more appropriate for transmitting EPDCCH for the UE. Otherwise, the eNB may not be able to communicate with the UE any longer if channel condition had deteriorated rapidly before it had a chance to reconfigure the UE. However, one major drawback of semi-statically configure multiple combinations to the UE is that the UE will have to decode all possible candidates and accumulate/combine over multiple repeated subframes in order to decode the intended EPDCCH.
As shown in [2], it is common to configure 4 different repetition levels for a UE to monitor. Taking one of the repetition sets as an example {32, 64, 96, 128} and assuming at a given time instant the eNB has chosen to repeat EPDCCH transmission 96 times. In this case, the UE will need to blindly decode total of 384 times (96 times by 4 aggregation levels) before it will be able to successfully decode the intended DCI. As can be seen, the number of decoding attempts by the UE is very large. Additionally, if the UE does not know the timing / subframe in which it should start monitoring EPDCCH, the number of attempts will be even larger.
Another type of semi-static configuration of higher-layer signalling is by utilising the Random Access Response (RAR) [3] to implicitly indicate the set of combinations for which the UE needs to monitor. Similar to the explicit RRC configuration, the implicit semi-static signalling method would also suffer from the same drawbacks of high UE processing complexity of blindly decoding large number of repetition of unnecessary ECCE aggregation levels.
Observation 1: To account for possible coverage and channel condition change, it is more practical for the eNB to configure a set of more than one combination to a MTC UEs. Otherwise, the eNB may not be able to communicate with the UE any longer if channel condition had deteriorated rapidly before it had a chance to reconfigure the UE.
Observation 2: One major drawback of semi-statically configure multiple combinations of {ECCE aggregation level, number of repetition} from either higher-layer RRC signalling or RAR is the high UE processing complexity and power consumption of blindly decoding unnecessary ECCE aggregation levels.
Dynamic signalling
To indicate the intention of transmitting, ECCE aggregation level and number of repetition for an EPDCCH, one straight forward method is to dynamically signal these parameters to the intended MTC UE before transmitting the actual scheduling DCI.
As discussed in [4], the dynamic signalling is provided by an “indication EPDCCH” just before the actual “scheduling EPDCCH”. The timing of the indication in relation to the scheduling is shown in Figure 1. Since the indication EPDCCH/DCI carries only limited parameters for the subsequent scheduling EPDCCH (e.g. index of ECCE aggregation level, number of repetition), its payload size would be very small (5 ~ 6 bits). To account for poor coverage condition, the indication EPDCCH should be repeated as well, and this repetition level can be fixed to a single value (e.g. 5 times in the spec). It is observed in [4] that that when the proposed indication EPDCCH includes only the minimum required field, transmitted using high aggregation level (e.g. L=8) and repeated over e.g. 5 times, acceptable performance of miss-detection and false detection can be achieved at low SNR (e.g. -14dB for 1% BLER). Therefore, one main benefit of this dynamic indication EPDCCH is the UE will only have to accumulate/combine 5 consecutive EPDCCH subframes with just one aggregation level to find out the exact ECCE aggregation level and number of repetition for the subsequent scheduling EPDCCH. The saving of UE power consumption is (128 x 3)/5 = 76.8 times, assuming max repetition level for the scheduling EPDCCH is 128. Additionally, by detecting the indication EPDCCH, the starting subframe for the scheduling EPDCCH is implicitly known to the UE and thus reducing UE processing complexity in blindly finding the scheduling EPDCCH.
[image: ]
Figure 1: Indication EPDCCH for LC-MTC UEs in coverage enhanced mode.
Observation 3: When dynamic signalling method (indication EPDCCH) is used for indicating the exact parameters for the scheduling EPDCCH, the saving of UE processing complexity / power consumption can be more than 75 times compared to the semi-static configuration method.
Hybrid method
One enhanced method of signalling mechanism is a hybrid scheme where a subset of the combinations of {ECCE aggregation level, number of repetition} is first configured by semi-static signalling to LC-MTC UEs. The exact combination of {ECCE aggregation level, number of repetition} or its index within the configured set of combinations to be used in the next repetition period is dynamically signalled to the LC-MTC UEs to account for changes in channel condition and to lower UE processing complexity/power consumption.
By already pre-known the possible combinations, and thus the DCI content, one could utilise this knowledge for quicker and more reliable decoding of the dynamic signalling.
Proposal: A hybrid method of semi-static configuring a set of parameter combinations then dynamically indicating the exact index of the combination to LC-MTC UEs should be adopted to reduce UE processing complexity and power consumption in coverage enhanced mode.
Conclusion
In this contribution, we provide discussions and analysis on possible signalling mechanisms for indicating the combination subset that could be considered to reduce UE processing complexity and power consumption.
In summary, we have the following observations and a proposal.
Observation 1: To account for possible coverage and channel condition change, it is more practical for the eNB to configure a set of more than one combination to a MTC UEs. Otherwise, the eNB may not be able to communicate with the UE any longer if channel condition had deteriorated rapidly before it had a chance to reconfigure the UE.
Observation 2: One major drawback of semi-statically configure multiple combinations of {ECCE aggregation level, number of repetition} from either higher-layer RRC signalling or RAR is the high UE processing complexity and power consumption of blindly decoding unnecessary ECCE aggregation levels.
Observation 3: When dynamic signalling method (indication EPDCCH) is used for indicating the exact parameters for the scheduling EPDCCH, the saving of UE processing complexity / power consumption can be more than 75 times compared to the semi-static configuration method.
Proposal: A hybrid method of semi-static configuring a set of parameter combinations then dynamically indicating the exact index of the combination to LC-MTC UEs should be adopted to reduce UE processing complexity and power consumption in coverage enhanced mode.
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