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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 gap for penetration loss equals to 20dB, coverage improvement gap for PUSCH is 20dB for FDD and 19.3dB for TDD while the coverage improvement gap for PDSCH is up to 15.3 dB for FDD and 18.6dB for TDD. 
In this contribution, we continue to analyze and evaluate the potential coverage improvement solutions for PDSCH/PUSCH for the low cost MTC UEs. 
2. Coverage Improvement Analysis of data channel
TTI bundling/HARQ retransmission/Time domain repetition, spreading and using very low rate coding, Design new channels/signals, and PSD boosting are possible solutions to improve coverage of data channels.
2.1TTI bundling/ HARQ retransmission/ Repetition
As agreed in [6], more energy can be accumulated to improve coverage by prolonging transmission time. The existing TTI bundling and HARQ retransmission in data channels can be helpful. For delay tolerant MTC UEs, TTI bundling with larger TTI bundle size may be considered and the maximum number of HARQ retransmissions may be extended to achieve better performance. Other than TTI bundling and HARQ retransmission, repetition can be applied by repeating the same or different RV multiple times.
Simulation assumptions in Table A.1 and Table A.2 are based on agreement in [5]. From the simulation result shown in Figure 1, 300 times repetition of PUSCH could achieve the 20dB coverage improvement gap for FDD. 
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Figure 1 PUSCH performances with different repetition times

From simulation result shown in Figure 2, 100~200 times repetition of PDSCH could achieve the coverage improvement gap for FDD.  
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Figure 2 PDSCH performances with different repetition times
Considering the TBS is 16 and the amount of repetition times would be 300 for uplink, the data rate would be 53.3bit/s. Then the overall transmission time for 100 bytes data would be 12 seconds which may not satisfy the latency requirement of scenario A (triggered reporting) and scenario B (exception reporting) defined in [1]. 
Observation 1: For FDD, if realistic one subframe channel estimation is used, 300 times repetitions of PUSCH could achieve the 20dB coverage improvement gap, while 100~200 times repetition of PDSCH could achieve the 15.3dB coverage improvement gap.
2.2 Shorter length CRC
MTC traffic packets could be RLC segmented into smaller packets; very low rate coding and shorter length CRC may also be used for coverage improvement for data channels.
We have evaluated the PUSCH performance when CRC bits are reduced from 24bits to 8 bits. Figure 3 shows shortening CRC bits from 24bits to 8 bits could bring about 2dB gain.
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Figure 3 PUSCH performances with different CRC bits

Observation 2:  Shortening the CRC size is benefit for coverage improvement of MTC traffic channels.

2.3 Frequency hopping
Scheduling optimization (optimization of frequency hopping pattern) may also be considered as a potential way to improve the coverage of data channel. From the simulation result shown in Figure 4, frequency hopping could bring about 2dB coverage gain for PUSCH.
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Figure 4 PUSCH performance with frequency hopping
Observation 3: Frequency hopping or scheduling resource with frequency diversity may also be considered as solutions to improve the coverage of traffic channel.
2.4 PSD boosting
Power boosting is an effective way to improve the coverage performance of PDSCH if corresponding interference coordination schemes applied. For example, all of the TX power can be concentrated in the narrow bandwidth for MTC UEs and low cost MTC UEs with low coverage performance will share this power boosted resource region during quiet time when network is not busy. 
Observation 4: Power boosting is an effective way to improve the coverage performance of PDSCH if corresponding interference coordination schemes applied.
2.5 Design new channels/signals
Paging/system information transmitted on predefined multiple PDSCH resources with predefined periodicity without corresponding downlink control channel (PDCCH/ePDCCH) is an optimized data transmission way for poor coverage MTC UEs. 
From the simulation result shown in Figure 5, 100 times repetition of PUSCH with ideal channel estimation has more than 6dB gain compared to that with realistic one subframe channel estimation. To achieve the coverage improvement gap, the repetition times of PDSCH/PUSCH would be greatly reduced if the channel estimation is accurate.  In order to improve the coverage performance of data transmission, the optimization of traffic channel structure and traffic channel transmission (e.g., pilot optimization) may also be considered.  
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Figure 5 PUSCH performances with realistic & ideal channel estimation 

Observation 5: The optimization of traffic channel structure and traffic channel transmission (e.g., pilot optimization) needs further study.
3. Conclusions
In this contribution, we have analyzed the potential coverage improvement solutions for physical data channel for low cost MTC UEs. We propose to adopt the text proposal in section 4 into TR 36.888.
4. Text proposal

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

9.5.5 PDSCH / PUSCH

Time domain repetition, spreading and using very low rate coding, Design new channels/signals, and PSD boosting are possible solutions to improve coverage of data channels.

More energy can be accumulated to improve coverage by prolonging transmission time. 300 times repetition of PUSCH could achieve the 20dB coverage improvement gap while 100~200 repetition times could achieve the 15.3dB coverage improvement gap for FDD. More accurate channel estimation method needs further study in order to reduce the repetition times. 

Shortening the CRC size is benefit for coverage improvement of MTC traffic channel. Shortening CRC bits from 24bits to 8 bits could bring about 2dB gain.

Frequency hopping or scheduling resource with frequency diversity may also be considered as solutions to improve the coverage of traffic channel.
Power boosting is an effective way to improve the coverage performance of PDSCH if corresponding interference coordination schemes applied.   
Besides above mentioned solutions, new channels/signals design (including traffic channel structure optimization and reference signal optimization) may also be considered to improve the coverage of data transmission.
---------------------------------------------------- End of Text proposal---------------------------------------------------------
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Annex

A.1 Simulation assumption of PDSCH
Table A.1
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler spread
	1Hz

	MCS
	0（TBS=152）

	Number of DL RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic one subframe channel estimation

	Output
	About 100~200 repetitions


A.2 Simulation assumption of PUSCH

Table A.2

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	EPA

	Doppler shift
	1Hz

	TBS
	16

	Number of UL RBs
	1

	Transmission mode
	TM1

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic one subframe channel estimation

	Output
	About  300  times  repetitions



































