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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”.  
During last RAN1 meeting, the agreements have been achieved as below:
· The section 9.5 TPs addressing the common channels should include text on any observable diminishing returns for a technique

· Example: 200 repetitions are required for 20dB, but 50 repetitions are required for 17dB
· The RAN1#73 SI conclusion can capture diminishing returns with increase in resource utilization for coverage improvement

In this contribution, we evaluate the diminishing returns for coverage improvement techniques and summarize the coverage improvement techniques for physical channels for the low cost MTC UEs. 
2. Diminishing returns evaluation
2.1 PBCH

· Repetitions of PBCH + PSD boosting
Repetition will require additional separate resources from the legacy PBCH resources. Different repetition gain on coverage enhancement and resource utilization of PBCH with different repetition times are captured in Table 1.
Table 1  Coverage enhancement and resource utilization of PBCH with different repetition times (3dB PSD boosting)
	Repetition times
(Compared to current 4times-PBCH transmission per 40ms )
	2
	5
	10

	Gain (dB)
	5.7
	8.5
	11.1

	Resource utilization
(1.4MHz bandwidth, FDD)
	4.76%
	11.9%
	23.8%


Note: Resource utilization is calculated based on the assumption of 1.4MHz DL System Bandwidth and FDD.  4 times-PBCH transmission will occupy 960 RE.
If the system bandwidth is small, repetitions of current PBCH transmission will occupy large percentage of resources thus resource allocation for normal UEs will be seriously impacted.

· Reduced MIB content + Repetition + PSD boosting
A new design (e.g., a longer period, reduced MIB content, intermittent transmission) can be considered to improve the coverage of PBCH. Repetition is also a very important technique for a new design to meet the coverage improvement requirement. We have evaluated the performance of new designed M-PBCH which has reduced MIB content with SFN only and 8 bits CRC. Different gain on coverage enhancement and resource utilization of the M-PBCH with different repetition times are captured in Table 2. PSD boosting will be helpful to reduce the repetition times of new designed M-PBCH to meet the coverage improvement requirement.
Table 2 Coverage enhancement and resource utilization of M-PBCH with different repetition times (3dB PSD boosting)
	Repetition times
(Compared to similar resources occupied by 4times-PBCH transmission)
	2
	5
	10

	Gain (dB)
	8.6
	11.3
	13.8

	Resource utilization
(1.4MHz bandwidth, FDD)
	4.76%
	11.9%
	23.8%


Compared to repetitions of current PBCH transmission, to achieve the same coverage improvement target, the resources occupied by repetitions of M-PBCH carrying SFN and 8 bits CRC has been reduced from 23.8% to 11.9%. But the resources occupation ratio of repetitions of M-PBCH is still   high for small bandwidth system.  Intermittent transmission can be considered to further reduce the resource utilization.
2.2 PRACH
· Repetition of PRACH
The coverage requirement of PRACH can be achieved by preamble repetition. The diminishing returns on coverage enhancement of PRACH with different repetition times are captured in Table 3.
Table 3   Coverage enhancement of PRACH with different repetition times
	Coverage enhancement Gain（dB）
（compared to 1 repetition time with Pmiss=1%，Pfa=0.1% ）
	Repetition Times

	
	10
	50
	100
	150
	200
	250
	300

	（Pmiss=1%，Pfa=0.1%）
	4.4
	9.9
	12.8
	15.6
	16.6
	18
	19

	（Pmiss=10%，Pfa=0.1%）
	13.2
	17.5
	19.5
	21.6
	22.4
	23.8
	24.7


UL Spectrum efficiency will be decreased with the increase of repetition times.
2.3 (e)PDCCH

· Repetition of PDCCH + PSD boosting
The diminishing returns on coverage enhancement of PDCCH with different repetition times are captured in Table 4. PSD boosting can help to reduce the required number of repetition.

Table 4 Diminishing returns on coverage enhancement of PDCCH with different repetition times

(3dB PSD boosting)
	Repetition times
	4
	10
	20
	50
	100

	Gain (dB)
	7.5
	11.5
	14.1
	16.9
	18.9


· Compact DCI + repetition + PSD boosting

Compact DCI can help to reduce the required number of repetition. The diminishing returns on coverage enhancement of 9bit compact DCI with different repetition times are captured in Table 5. PSD boosting can help to reduce the required number of repetition.
Table 5 Diminishing returns on coverage enhancement of compact DCI(9 bit) with different repetition times

( 3dB PSD boosting)
	Repetition times
	4
	10
	20
	50

	Gain (dB)
	11.1
	14.8
	16.7
	19.1


· Low rate coding (Compact DCI + 16CCE) + repetition + PSD boosting
Low rate coding (Compact DCI and high aggregation level) can help to reduce the required number of repetition. The diminishing returns on coverage enhancement of 9bit compact DCI and 16CCE with different repetition times are captured in Table 6. PSD boosting can help to reduce the required number of repetition.
Table 6 Diminishing returns on coverage enhancement of compact DCI(9 bit) and 16CCE with different repetition times (3dB PSD boosting)
	Repetition times
	5
	10
	20

	Gain (dB)
	13.4
	16.1
	18.8


2.4 PUCCH
· Repetition

The coverage requirements for PUCCH format 1a can be met with time domain repetition. The diminishing returns on coverage enhancement of PDCCH with different repetition times are captured in Table 7.
Table 7 Diminishing returns on coverage enhancement of PUCCH with different repetition times
	Repetition times
	10
	20
	50
	100

	Gain (dB)
	10.4
	12.4
	14.8
	16.4


2.5 PDSCH

· Repetition + PSD boosting
The diminishing returns on coverage enhancement of PDSCH with different repetition times are captured in Table 8. PSD boosting can help to reduce the required number of repetition.

Table 8 Diminishing returns on coverage enhancement of PDSCH with different repetition times

(3dB PSD boosting)
	Repetition times
	10
	20
	50
	100
	200

	Gain (dB)
	10
	12
	14.5
	16.4
	18.3


2.6 PUSCH
· Repetition

The diminishing returns on coverage enhancement of PUSCH with different repetition times are captured in Table 9.

Table 9 Diminishing returns on coverage enhancement of PUSCH with different repetition times
	Repetition times
	10
	20
	50
	100
	200
	300

	Gain (dB)
	9.1
	11.4
	14
	16
	18.1
	19.3


From above results, we can see that the coverage improvement gain only increases about 2dB if the repetition times doubles. Resource utilization will significantly increase with the increase of the number of repetitions. Furthermore, if the number of repetitions is too large, Data transmission time may not satisfy the latency requirement.
· Shorter length CRC +repetition

The diminishing returns on coverage enhancement of PUSCH using shorter length CRC with different repetition times are captured in Table 10.

Table 10 Diminishing returns on coverage enhancement of PUSCH using shorter CRC length with different repetition times
	Repetition times
	10
	20
	50
	100
	200

	Gain (dB)
	10.9
	13.3
	16
	17.9
	19.9


From the simulation result, we have the following observations: 

Observation 1:   For PBCH channel, high percentage of resource usage is required to meet coverage enhancement target, especially for small system bandwidth.
Observation 2:   For PBCH and PRACH channel, diminishing coverage enhancement return with repetition does not exist.

Observation 3:  For (E)PDCCH,PUSCH,PDSCH and PUCCH, a diminishing return exists with repetition, With double times repetition, additional coverage gain of 2.0dB~2.5dB is observed.
3. Summary of coverage improvement techniques
Time domain repetition is the key technique for coverage improvement of all the downlink and uplink physical channels. From the aspect of spectrum efficiency and resource utilization, the required number of repetition should be minimized as much as possible..   
For PSS/SSS, the coverage enhancement requirement can be achieved by longer acquisition time.
For PBCH, besides repetition and PSD boosting, reduced MIB content and intermittent transmission can be considered to further reduce the resource utilization.
For (e)PDCCH, besides repetition, PSD boosting, compact DCI format and higher aggregation level, ePDCCH enhancement techniques (e.g., CRS based ePDCCH) may need further study to improve the coverage of downlink control channel. 
For PRACH, the coverage requirement can be achieved by preamble repetition. PSD boosting over a narrower bandwidth can’t improve the coverage of PRACH.

For PUCCH, the coverage requirement can be met by time domain repetition.
For PDSCH, the coverage requirement can be met by time domain repetition and PSD boosting.

For PUSCH, besides repetition, reduced TBS and frequency hopping during repetition, shorter length CRC can also be considered to improve the coverage.

For a MTC UE with coverage improvement requirement, it is suggested that different physical channels for the same MTC UE would be time-division multiplexed. 
4. Conclusions
In this contribution, we have analyzed the diminishing returns for time domain repetition of various physical channels. The diminishing returns for time domain repetition of various physical channels are summarized in the table as below.
Table 11 Diminishing returns on coverage enhancement for time domain repetition and/or PSD boosting
	Gain (dB)
	Repetition times

	
	2
	4
	5
	10
	20
	50
	100
	150
	200
	250
	300

	PBCH

(3dB PSD boosting)
	5.7
	-
	8.5
	11.1
	14.5
	-
	-
	-
	-
	-
	-

	New designed PBCH (Reduced MIB content with SFN only and 8bit CRC)

(3dB PSD boosting)
	8.6
	-
	11.3
	13.8
	17
	-
	-
	-
	-
	-
	-

	PDCCH

(3dB PSD boosting)
	-
	7.5
	-
	11.5
	14.1
	16.9
	18.9
	-
	-
	-
	-

	New designed PDCCH

(Compact DCI (9bit)

(3dB PSD boosting)
	-
	11.1
	-
	14.8
	16.7
	19.1
	-
	-
	-
	-
	-

	New designed PDCCH

(Compact DCI (9bit)+ 16CCE )

(3dB PSD boosting)
	-
	-
	13.4
	16.1
	18.8
	-
	-
	-
	-
	-
	-

	PRACH

（Pmiss=1%,Pfa=0.1%）
	-
	-
	-
	4.4
	-
	9.9
	12.8
	15.6
	16.6
	18
	19

	PRACH

（Pmiss=10%,Pfa=0.1%）
	-
	-
	-
	13.2
	-
	17.5
	19.5
	21.6
	22.4
	23.8
	24.7

	PDSCH

(3dB PSD boosting)
	-
	-
	-
	10
	12
	14.5
	16.4
	-
	18.3
	-
	-

	PUSCH
	-
	-
	-
	9.1
	11.4
	14
	16
	-
	18.1
	-
	19.3

	PUSCH

(8bit shorter CRC)
	-
	-
	-
	10.9
	13.3
	16
	17.9
	-
	19.9
	-
	-

	PUCCH
	-
	-
	-
	10.4
	12.4
	14.9
	16.4
	-
	-
	-
	-


From the result in the table, we have the following observations:
Observation 1:   For PBCH channel, high percentage of resource usage is required to meet coverage enhancement target, especially for small system bandwidth.

Observation 2:   For PBCH and PRACH channel, diminishing coverage enhancement return with repetition does not exist.

Observation 3:  For (E)PDCCH,PUSCH,PDSCH and PUCCH, a diminishing return exists with repetition, With double times repetition, additional coverage gain of 2.0dB~2.5dB is observed.
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Annex
A.1 Simulation assumption and simulation results of PBCH

Table A.1 Simulation assumption
	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	0 or 100Hz

	Modulation Mode
	QPSK

	Channel Estimation
	Realistic one subframe channel estimation

	Performance target
	1% miss probability
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Figure A.1.1 PBCH performance with different repetition times
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Figure A.1.2 M-PBCH performance with different repetition times

A.2 Simulation assumption and simulation results of PRACH
Table A.2 Simulation assumption
	Parameter
	Value

	System bandwidth
	10MHz

	Sampling Frequency(Fs)
	15.36MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	PRACH Resource Size
	6PRB

	Antenna configuration
	1T2R

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency Error
	0 or 100 Hz 

	Max Round Trip Delay(Max RTD)
	5*(1/Fs)

	Number of  RACH Sequences Per Sector
	64

	RACH Sequence Type
	RACH Format 0

	Length of RACH Sequences
	839

	False Alarm Probability
	0.1%
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Figure A.2.1 PRACH performance with different repetition times

A.3 Simulation assumption and simulation results of PDCCH
Table A.3
	Parameters
	Value

	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
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Figure A.3.1 PDCCH performance with different repetition times
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Figure A.3.2 Performance of Compact DCI with different repetition times

(9 bit compact DCI)
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Figure A.3.3 Performance of low rate coding with different repetition times

(9 bit compact DCI + 16 CCE)

A.4 Simulation assumption and simulation results of PDSCH
Table A.4
	Parameters
	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
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Figure A.4.1 PDSCH performance with difference repetition times

A.5 Simulation assumption and simulation results of PUSCH
Table A.5

	Parameters
	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
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Figure A.5.1 PUSCH performance with different repetition times
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Figure A.5.1 PUSCH performance with different repetition times (8bit CRC length)

A.6 Simulation assumption and simulation results of PUCCH
Table A.6

	Parameters
	Value

	Carrier frequency
	2 GHZ

	Bandwidth
	10 MHz

	FFT size
	1024

	Number of TX antennas
	1

	Number of RX antennas
	2 (uncorrelated)

	Channel model
	EPA

	UE speed
	3 km/h

	Channel estimation
	Realistic one subframe channel estimation
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Figure A.6.1 PUCCH performance with different repetition factor
