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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” ([1]) was approved.   One objective of this work item is to target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage:
During RAN1 #78bis meeting, agreements on downlink control channel were listed below:
· Regarding the physical downlink control channel for MTC:

· It is used to transmit DCI messages to Rel-13 low complexity UEs

· Its usage for other purposes than unicast transmission is FFS

· Its usage for other UEs in enhanced coverage is FFS

· It is a narrowband (within 6 PRBs) control channel

· Its demodulation is based on CRS and/or DMRS (FFS)

· It is not mapped to legacy control regions

· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable

· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH

The agreements and working assumptions made during the initial work of the corresponding Rel-12 work item should be used as a starting point when applicable.
Some details of coverage improvement and power consumption analysis for physical downlink control channel for MTC are discussed in this contribution.
2 Downlink control channel for Rel-13 low complexity UEs
Based on the agreements in RAN1 #78bis meeting, there may be some choices for downlink control channel for Rel-13 low complexity UEs:

· Option 1: EPDCCH for unicast traffic and broadcast traffic
Legacy PDCCH cannot be used as downlink control channel for Rel-13 low complexity UEs with bandwidth reduction.  EPDCCH was introduced in Rel-11 to schedule UE specific data. Current EPDCCH only supports USS. Since EPDCCH can be transmitted within 6PRB, it can be used as downlink control channel for Rel-13 low complexity UEs.  If broadcast traffic for Rel-13 low complexity UEs would be scheduled by downlink control channel, ECSS (Enhanced Common Search Space) is required to be introduced.
If Option 1 is adopted, existing downlink control channel can be reused to schedule both unicast traffic and broadcast traffic for Rel-13 low complexity UEs. By introducing ECSS to EPDCCH, blind detection of broadcast traffic can be avoided. But EPDCCH may not be effective in narrowband and/or coverage enhancement scenario, because larger capacity, FDM-ICIC, and beamforming scheduling gain may not be obtained. Furthermore, the new designed ECSS may be seriously conflicted with repetition method used for downlink control channel in coverage enhancement scenario.
· Option 2: EPDCCH for unicast traffic and control-less mode for broadcast traffic
In coverage enhancement scenario, common messages can either be scheduled by downlink control channel or transmitted by control-less mode with repetitions. EPDCCH or narrowband PDCCH-like channel may be the possible methods to schedule the common messages. Common messages such like SIB, RAR or Paging can also be transmitted by control-less method. Rel-13 low complexity UEs can blindly detect the common messages transmitted by control-less mode regardless of coverage enhancement. Control-less mode is beneficial for improving the system efficiency when bandwidth reduction is adopted as the key cost saving method for Rel-13 low complexity UEs, especially in coverage enhancement scenario.
Another consideration of using schedule mode or control-less mode depends on whether new SIB(s) is introduced or not. Since new SIB(s) contents are limited to small TBS set and types [2], blind detection of SIB messages could be easier with limited MCS and PRBs selection. Similar to SIB(s), blind detection of RAR and Paging messages can be implemented with limited TBS set and schedule schemes. Some specification changes may be expected including definition of common message TBS set, transmission location on both time domain and frequency domain, and modulation and coding scheme.
· Option 3:Narrowband PDCCH-like channel

Narrowband PDCCH-like channel design is based on legacy PDCCH. The difference between narrowband PDCCH-like channel and legacy PDCCH is that narrowband PDCCH-like channel is limited within 6PRB and it occupies partial OFDM symbols which are not used by legacy PDCCH. Other features of narrowband PDCCH-like channel including the control channel elements, processing of DCI, and CRS based transmission, are all same as legacy PDCCH.
Narrowband PDCCH-like channel may have lower complexity since DMRS is not used for either control channel or data channel. Transmission mode can be limited to TM1 and TM2 if Option 3 is adopted, then the cost of Rel-13 low complexity UEs will be further reduced. On the other hand, narrowband PDCCH-like channel cannot be used for both Rel-13 low complexity UEs and other UEs in coverage enhanced mode. The narrowband PDCCH-like channel will occupy partial resources which originally belong to data channels and code rate will increase if existing TBS-PRB table are used without changes. The PRBs cannot be used by legacy UEs if partial resources of the PRBS are occupied by the narrowband PDCCH-like channel. No available cell-specific reference signal in MBSFN subframe may also have negative impact on narrowband PDCCH-like channel design. Furthermore, CSS of the narrowband PDCCH-like channel may be serious conflicted with repetition method used for downlink control channel in coverage enhancement scenario. Another issue is that some narrowband PDCCH-like channels may have 5 PRBs size while other may have 6 PRBs size because the narrowband in center may have different PRBs compared with that in non-centre [3].
Comparisons of above Options are summarized in Table 1.
Table 1 Comparison of different Options on downlink control channel for MTC
	Comparison
	EPDCCH for unicast and broadcast traffic
	EPDCCH for unicast traffic and control-less mode for broadcast traffic
	Narrowband PDCCH-like channel

	Advantages
	Reuse existing downlink control channel; 
Avoid blind detection of broadcast traffic
	System efficiency improved especially in coverage enhancement scenario
Blind detection could be easier with limited broadcast traffic TBS set and types
	Lower complexity

	Disadvantages
	EPDCCH may not be effective in narrowband and/or coverage enhancement scenario; 
ECSS may be seriously conflicted in coverage enhancement scenario
	EPDCCH may not be effective in narrowband and/or coverage enhancement scenario;
Implemented with limited TBS set and schedule schemes
	Partial resources which originally belong to data channel occupied and code rate will increase;
Have no available Cell-specific reference signal in MBSFN subframe; 
CSS may be seriously conflicted in coverage enhancement scenario

	Specification Impact
	ECSS design
	Definition of common message TBS set, transmission location and modulation and coding scheme
	Narrowband PDCCH-like channel design


Proposal 1: Considering system efficiency and common design, EPDCCH for unicast traffic and control-less mode for broadcast traffic is preferable for both low complexity and coverage enhancement scenario.
When EPDCCH is used for Rel-13 low complexity UEs (with or w/o ECSS introduction), the UEs could not obtain their USS location before RRC connection establishment. Predefined location or location indicated by common signal(s) needs to be considered to indicate configuration of the USS before RRC connection establishment. The details of how to determine configuration of the USS before RRC connection establishment should be further studied.

Proposal 2: The detail mechanism of determining configuration of the USS before RRC connection establishment should be further studied.
3 Coverage enhancement
3.1 Discussion on Rel-12 agreements

Rel-12 agreements on coverage enhancement of downlink control channel are applicable for both PDCCH and EPDCCH. In Rel-13, it is recommended to confirm the Rel-12 agreements on repetition of EPDCCH first at least including “For UE-specific search space, EPDCCH to schedule PDSCH is supported”, “Repetition of EPDCCH with multiple levels is supported” and “the possible starting sub-frames of EPDCCH repetitions are limited to a subset of sub-frames from the UE perspective”, “UE shall monitor more than one EPDCCH decoding candidate”, and “The UE shall use the same EPDCCH decoding candidate m with an aggregation level defined for each subframe within the repetition window”. On consideration of much efficiency works have made for downlink control channel in coverage enhancement scenario, so we suggest at least for UE-specific search space, repetition should be considered as the baseline.
Proposal 3: At least for UE-specific search space, EPDCCH repetition should be taken as the baseline to enhance coverage.
3.2 Further considerations on coverage enhancement
Further studies are needed including the number of multiple repetition levels and adjustment mechanism, the repetition times for UE-specific control information, etc. For UE-specific control information, the repetition times for EPDCCH could be determined by coverage improvement level of the specific UE. The coverage improvement level of the specific UE could be determined by PRACH process. Considering coverage enhancement requirement may be changed, adjustment of repetition level should be allowed. Adjustment of repetition level can be realized by DCI or RRC signaling. In addition, it should be confirmed that whether or not UE shall monitor multiple total aggregated resources of EPDCCH which may contain single or multiple ECCE aggregation levels with single or multiple repetition levels, and the detailed design of the possible starting sub-frames of EPDCCH repetition, etc.
Proposal 4: For UE-specific control information, repetition times for EPDCCH could be determined by the coverage improvement level of the specific UE. Adjustment of repetition level for EPDCCH needs further study. 

4 Considerations on reduction of power consumption
Besides coverage enhancement for MTC UEs, methods of reduction of power consumption or repetition times should be considered. Compact DCI can reduce the repetition times for EPDCCH. As describe in [4], 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. Frequency hopping may reduce the repetition times for EPDCCH. However, Compact DCI used for EPDCCH may have large specification impact. Evaluation may be needed to confirm whether the gain of frequency hopping is obvious, and the impacts to other channels should also be considered in reduced bandwidth scenario. 
Proposal 5: Compact DCI and frequency hopping can be further considered for EPDCCH to reduce power consumption or repetition times. 
5 Conclusions
Coverage improvement solutions for data and control channels are discussed in this contribution.  We propose the following:
Proposal 1: Considering system efficiency and common design, EPDCCH for unicast traffic and control-less mode for broadcast traffic is preferable for both low complexity and coverage enhancement scenario.
Proposal 2: The detail mechanism of determining configuration of the USS before RRC connection establishment should be further studied.
Proposal 3: At least for UE-specific search space, EPDCCH repetition should be taken as the baseline to enhance coverage.
Proposal 4: For UE-specific control information, repetition times for EPDCCH could be determined by the coverage improvement level of the specific UE. Adjustment of repetition level for EPDCCH needs further study. 

Proposal 5: Compact DCI and frequency hopping can be further considered for EPDCCH to reduce power consumption or repetition times.
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