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1. Introduction

During RAN #57 meeting, RP-121441 “Updated SID on: Provision of low-cost MTC UEs based on LTE” was approved.  The coverage enhancement target was determined as “A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency”.  

As referred to MCL table 9.2.1-1 in [1], if the coverage improvement target for 20dB penetration loss equals to 20dB, coverage improvement gap for PDCCH is 14.8dB for FDD and 19.6dB for TDD.
In this contribution, we analyze the potential coverage improvement solutions for PDCCH/ePDCCH for the low cost MTC UEs. 
2. Coverage Improvement Analysis of downlink control channel
Downlink control information can be divided into cell-specific control information and UE-specific control information.  Since Paging, System information and RAR related information transmitted on predefined multiple PDSCH resources with predefined periodicity without corresponding downlink control channel (PDCCH/ePDCCH) may be considered as an optimized transmission method for poor coverage MTC UEs, coverage improvement for cell-specific control information may not be considered.
PSD boosting, Design new channels/signals, Repetitions/TTI bundling, Low rate coding are possible link-level solutions for coverage improvement for UE-specific control information carried by PDCCH/ePDCCH.
2.1 Low rate coding 
2.1.1 Higher Aggregation Levels
The largest aggregation level for PDCCH is 8 CCEs for PDCCH while the largest aggregation level is 32 eREGs for ePDCCH. According to the simulation results shown in [3], gain from 8 CCEs to 16 CCEs is about 2.8dB. Definition of CCE with higher aggregation level is a potential solution to improve the coverage of PDCCH. 
ePDCCH with higher aggregation level is suggested to compensate the coverage loss of downlink control channel. 
2.1.2 Compact DCI Formats
DCI is contained in downlink control channel for scheduling UL/DL data channels. For low cost MTC UEs, some fields in current DCI formats may be reduced or removed. According to the simulation results shown in [3], performance gain from 29 bits DCI formats to 19 bits is about 1.3dB while gain from 19bits DCI formats to 9bits is about 1.1dB. Compact DCI formats can be considered as a supplementary solution to improve the coverage of downlink control channel.
2.2 Repetitions/TTI bundling
Time domain repetition is a common solution that can also be used for downlink control channel. But different from DL/UL data channels, DL control channel will be less flexible for scheduling if applying hundreds of repetition times. 
Based on simulation assumption defined in Table A.1, PDCCH evaluation without Frequency error or with 100Hz frequency error is shown in Figure 1. The simulation result shows frequency error has slight impact on the PDCCH simulation based on realistic one subframe channel estimation.
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Figure 1 PDCCH performances with 0 or 100Hz Frequency Error

PDCCH performances with different repetition times are shown in Figure 2. Compared to single transmission, the simulation result shows 100 times repetition of PDCCH will bring about 15.5dB gain while similar coverage gain can be achieved if combination of 20 times repetition of PDCCH and low rate coding (16CCEs aggregation level and 9bits compact DCI formats) are applied. Both 100 times repetition of PDCCH and combination of 20 times repetition and low rate coding may meet the coverage improvement requirement for FDD. 
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Figure 2 PDCCH performances with different repetition times

2.3 PSD boosting
Power boosting with corresponding interference coordination is a potential way to improve the coverage performance of (e)PDCCH during quiet times.
 2.4 Design new channels/signals (ePDCCH enhancement)
For the low cost MTC UEs with bandwidth reduction option DL-1 and DL-2, PDCCH can’t be used to transmit downlink control information of such MTC UEs. Since ePDCCH occupies more OFDM symbols compared to PDCCH thus has better coverage performance, downlink control information is suggested to be carried by ePDCCH. Considering DM-RS may not be needed for the low cost MTC UEs, CRS based ePDCCH is an optimized way to improve the coverage of ePDCCH.

3. Conclusions
In this contribution, we have analyzed the potential coverage improvement solutions for downlink control channel for low cost MTC UEs. In order to achieve the coverage improvement gap, combination of above coverage improvement solutions are suggested. We propose to adopt the text proposal in section 4 into TR 36.888.
4. Text proposal

---------------------------------------------------- Start of Text proposal---------------------------------------------------------

9.5.2 (E)PDCCH
PSD boosting, Design new channels/signals, Repetitions/TTI bundling, Low rate coding are possible link-level solutions for coverage enhancement for UE-specific control information carried by PDCCH/ePDCCH. Since Paging, System information and RAR related information transmitted on predefined multiple PDSCH resources with predefined periodicity without corresponding downlink control channel (PDCCH/ePDCCH) may be considered as an optimized transmission method for poor coverage MTC UEs, coverage improvement for cell-specific control information may not be considered.
Low rate coding methods include definition of CCE with higher aggregation level and compact DCI formats. Definition of CCE with higher aggregation level is a potential solution to improve the coverage of (e)PDCCH. Compact DCI formats can be considered as a supplementary solution to improve the coverage of downlink control channel.
Time domain repetition is a common solution that can also be used for downlink control channel. 100 times repetition of PDCCH will bring about 15.5dB gain while similar coverage gain can be achieved if combination of 20 times repetition of PDCCH and low rate coding (16CCEs aggregation level and 9bits compact DCI formats) are applied.
Power boosting with corresponding interference coordination is a potential way to improve the coverage performance of (e)PDCCH during quiet times. 
For the low cost MTC UEs with bandwidth reduction option DL-1 and DL-2, PDCCH can’t be used to transmit downlink control information of such MTC UEs. Downlink control information is suggested to be carried by ePDCCH which has better coverage performance compared to PDCCH. Considering DM-RS may not be needed for the low cost MTC UEs, CRS based ePDCCH is an optimized way to improve the coverage of ePDCCH.
---------------------------------------------------- End of Text proposal---------------------------------------------------------
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Annex
A.1 Parameters for simulation
Table A.1

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	10MHz

	Channel model
	EPA (no correlation)

	Doppler shift
	1Hz

	Frequency Error
	0 or 100Hz

	Modulation mode
	QPSK

	Antenna configuration
	2Tx-2Rx 

	Channel estimation
	Realistic one subframe channel estimation

	CP type
	Normal CP

	DCI Format
	Format 1A

	Aggregation Level
	8

	OFDM Symbols  for PDCCH
	3



































