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Introduction
Frequency hopping (FH) has been agreed as technique to be used to improve coverage enhancement PUSCH performance. From the chairman’s notes:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported
· Multiple-SF channel estimation
· Frequency hopping over system bandwidth across subframes
· Network can enable or disable the hopping
· FFS details of configuration
· FFS on other techniques

The effectiveness of sub-PRB PUSCH transmission, aka PSD boosting or narrow band transmission, has been previously studied for MTC coverage enhancement [1]. But only a two companies [3,4] simulated the sub-PRB technique in combination with FH. This document provides further simulation results to verify the valid combination of sub-PRB and FH techniques for PUSCH coverage enhancement.
Results and Discussions
The simulation results are shown in Table I, where the simulation parameters and assumption are given in Appendix I. 
	
	Source
	No FH
	FH 
full PRB
	FH 
w/ 6SC
	FH 
w/ 3SC
	FH 
w/ 1SC

	DMRS 1X
	This Tdoc
	112
	105
	100
	98
	95

	
	[3]
	400
	256
	
	128
	

	
	[4]
	99
	80
	84
	84
	[bookmark: _GoBack]

	DMRS 2X
	This Tdoc
	108
	100
	98
	94
	92


Table I. Repeats needed for 10% BLER at 18 dB coverage gain
As can be seen in Table I, two of three sources show that applying sub-PRB on top of FH further reduces the number of required repeats by at least 5-10%. Source [4] showed that a small increase in repeats is needed when sub-PRB transmission is used. However [4] used a different technique of puncturing which reduced the effective coding rate by 4, while the other sources (this tdoc, [2], and [3]) used a method where the effective coding rate was maintained and thus showed better performance. 
Observation 1: The sub-PRB technique where the effective coding rate is maintained provides the best results. 
Observation 2: The sub-PRB technique can be effectively used in combination with FH to further reduce the number of repeats by 5-10% from FH alone.
Proposal: Standardize the sub-PRB PUSCH transmission technique. 
Conclusions
Observation 1: The sub-PRB technique where the effective coding rate is maintained provides the best results. 
Observation 2: The sub-PRB technique can be effectively used in combination with FH to further reduce the number of repeats down by 5-10% from FH alone.
Proposal: Standardized the sub-PRB PUSCH transmission technique. 
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Appendix I – Simulation Parameters and Assumptions
System bandwidth:		10 MHz
Frame structure:			FDD
Carrier frequency	:		2.0 GHz
Antenna configuration		2x1
Redundancy versions (RV)	RV0
Transmission Mode		TM2
Frequency error			25 Hz residual freq error 
Timing Error			Perfect timing
Number of PRBs			1 (or less for sub-PRB case)
MCS				MSC5 72bits
Performance target/ Requirement	10% BLER 
Channel Model 			EPA 1 Hz
Channel estimation		8 SF
Frequency Hopping		7 SF
SNR for 18 dB coverage		-15.5 dB

A sequential hopping pattern was used. 

