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Introduction
During MTC work item phase in Rel-13, the following agreements/working assumptions have so far been made regarding MTC UEs in enhanced coverage mode:
Agreements at RAN1#79 [1]:
· At least for unicast channel,
· For the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage,
· 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
· 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
· FFS: Common search space of ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage

Agreements at RAN1#80 [2]:
· For UEs in enhanced coverage:
· Repetition across multiple subframes is supported for the ‘Physical downlink control channel for MTC’
· Multiple repetition levels in time domain are supported
· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz
· 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
· 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 this contribution, we provide discussions and views on the multiple repetitions and reception of ‘Physical downlink control channel for MTC’ for Rel-13 UEs in enhanced coverage mode.

Discussion
Indication of repetition level for physical downlink control channel
For coverage enhancement of ‘physical downlink control channel for MTC’ (hereafter called MTC-PDCCH for simplicity), repeated transmission of same MTC-PDCCH 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 condition / operating environment, different repetition levels of MTC-PDCCH in the time domain as per current agreement would seem necessary for different level of coverage enhancement and based on the needs of MTC UEs.
Typically, there may be 2, 3 or 4 coverage improvement levels for MTC-PDCCH at {3.4dB, 6.8dB, 10.2dB, 13.6dB}.  In order to obtain the maximum 13.6dB coverage enhancement for example, a MTC-PDCCH 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 a MTC-PDCCH regardless of whether or not the MTC-PDCCH transmission is intended for the UE, significant amount of power consumption and UE buffer would be wasted when the MTC-PDCCH is actually transmitted for another MTC UE. In order to operate efficiently and to save power consumption, it is beneficial for a MTC UE to know in advance whether there will be a MTC-PDCCH transmitted for it or not and the repetition level for the associated MTC-PDCCH transmission. That is, no processing power wasted on detecting unintended/unnecessary MTC-PDCCH and its repetitions.
Proposal 1:  It is proposed to indicate in advance transmission of MTC-PDCCH and its associated repetition level to MTC UE to save power consumption.

To indicate the intention of transmitting and the repetition level of MTC-PDCCH, one straight forward method is to provide this indication via dynamic signalling to the intended MTC UE. Although semi-static configuration or pre-configuration of a repetition level for MTC-PDCCH is possible for certain type of MTC UEs in coverage enhanced mode, this may not be always suitable for other MTC UEs for example in mobility that also requires coverage enhancement. Moreover, even for the same type of MTC UEs that always operates in coverage enhanced mode (e.g. smart meters with basement installation), some UEs may be in closer range to the serving cell eNB that require less coverage enhancement than those that are far away from the eNB. Hence, dynamic signalling would seem more appropriate and justified for indicating the transmission and repetition level of a MTC-PDCCH to the intended UE.
Proposal 2:  It is proposed to dynamically signal the indication in Proposal 1 to the intended UE.

Dynamic signalling
Dynamic signalling of the above indication itself should be repeated to account for poor-coverage MTC devices and transmitted over the common or UE-specific search space. To ensure correct reception of the dynamic signalling with limited number of repetition for MTC UEs, the required content and its size should be kept minimal. One option is to include just the repetition level of subsequent MTC-PDCCH in the dynamic signalling transmitted to MTC UEs via DCI. Assuming 4 repetition levels are sufficient for the reception of MTC-PDCCH, this can be readily represented by using 2 bits in the dynamic signalling DCI. Furthermore, the CRC for this dynamic DCI should be scrambled by a MTC-RNTI, which ensures the dynamic DCI is only intended for a specific UE or a group of UEs.
The repetition of dynamic signalling could be fixed to a predefined value (e.g. 5) and repeated over consecutive subframes in a radio frame before the radio frame having the actual scheduling DCI on the EPDCCH UE-specific search space. In Figure 1, various performance results of UE decoding of the proposed dynamic DCI with high CCE aggregation level of L = 8 are provided. The results show the rate of successful detection is high (99% at -14dB SNR) and the rate of false detections are consistently low (less than 0.075%) at very low SNR.
[bookmark: _GoBack]Observation: When the proposed dynamic DCI indication includes only the minimum required field, 2-bit repetition level for MTC-PDCCH and it is 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 still be achieved at low SNR (e.g. -14dB).
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Figure 1: 
Simulation setup used in generating the above performance curves and explanation of figure legends are listed in the following.
	Parameter
	Value

	Number of Tx antennas
	2

	Number of Rx antennas
	1

	Channel estimation (Real / Ideal)
	Ideal

	Number of Resource Blocks
	50

	Number of repetitions for MTC-PDCICH transmission
	5

	Propagation channel condition
	EPA

	Doppler frequency
	1Hz

	Aggregation level for MTC-PDCICH
	8 CCEs

	RNTI used at eNodeB side/ MTC UE side (for Pmiss measurement)
	0xAAAA

	RNTI used in MTC UE side for Pfalse1 measurement
	0x12AA

	Pmiss: Probability of miss-detection.
Pfalse1: Probability of false detection type 1 is the case when a dynamic DCI is transmitted for another MTC UE but the MTC UE wrongly detects it.
Pfalse2: Probability of false detection type 2 is the case when no dynamic DCI is transmitted but the MTC UE wrongly detects a MTC-DCI.
	



Conclusion
In this contribution, discussions and views on the multiple repetitions and reception of ‘Physical downlink control channel for MTC’ for Rel-13 UEs in enhanced coverage mode are provided. In summary, we have the following proposals and observation.
Proposal 1:  It is proposed to indicate in advance transmission of MTC-PDCCH and its associated repetition level to MTC UE to save power consumption.
Proposal 2:  It is proposed to dynamically signal the indication in Proposal 1 to the intended UE.
Observation: When the proposed dynamic DCI indication includes only the minimum required field, 2-bit repetition level for MTC-PDCCH and it is 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 still be achieved at low SNR (e.g. -14dB).
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