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1 Introduction

In this contribution, we provide the baseline PDSCH performance results as well as performance gains of some coverage enhancement techniques such as frequency hopping and PDSCH PSD boosting for Rel-13 low complexity MTC in coverage enhanced mode. Cross-subframe channel estimation has not been performed in this simulation results. 
2 PDSCH performance results 
We have evaluated the performance of PDSCH transmission with TBS 152 bits which is the smallest TBS available for narrow bandwidth of 6RB resources. The simulation assumptions are as agreed in [4] and also given in Table 6 in Appendix B. 
In the first set of simulations, the following cases were simulated and compared:
· Time-domain continuous repetitions (repetition soft combining) – Base line
· Base line with Frequency hopping period of one subframe

· Base line with Frequency hopping period of 4 subframes

· Base line with Frequency hopping period of 8 subframes

· Base line with Frequency hopping period of 16 subframes

Figures 1 in Appendix A shows the BLER performance results of TBS 152 bits for EPA channel with Doppler spread of 1Hz in the first set of simulations. The results are also tabulated in Table 1 and 2 below at 1% and 10% BLER respectively for better comparison where the gain over baseline is marked with green colour. In this simulation retuning time has not been taken into account.
  Table 1: Performance of different Frequency hopping periods of 1, 4, 8 and 16 subframes at 1% BLER

	TBS Size

and 

Repetition

Number 
	Base line

(SNR dB)
	W/ Frequency hopping period of one subframe
(SNR dB (Gain over baseline))
	W/ Frequency hopping period of 4 subframes
 (SNR dB (Gain over baseline))
	W/ Frequency hopping period of 8 subframes
 (SNR dB (Gain over baseline))
	W/ Frequency hopping period of 16 subframes
 (SNR dB (Gain over baseline))

	TBS 152 with no rep (1Tx).
	4.94
	-
	-
	-
	-

	TBS 152 with 4 Rep.
	-0.43
	-3.50 (3.07)
	-
	-
	-

	TBS 152 with 32 Rep.
	-6.83
	-10.43 (3.60)
	-10.43 (3.60)
	-10.16 (3.33)
	-9.39 (2.56)

	TBS 152 with 64 Rep.
	-8.66
	-12.45 (3.79)
	-12.32 (3.66)
	-12.33 (3.67)
	-11.93 (3.27)

	TBS 152 with 128 Rep.
	-11.19
	-14.39(3.20)
	-14.46 (3.27)
	-14.65 (3.46)
	-14.39 (3.20)

	TBS 152 with 256 Rep.
	-14.20
	-17.26 (3.06)
	-16.80 (2.60)
	-16.90 (2.70)
	-17.11 (2.91)


  Table 2: Performance of different Frequency hopping periods of 1, 4, 8 and 16 subframes at 10% BLER
	TBS Size

and 

Repetition

Number 


	Base line

(SNR dB)
	W/ Frequency hopping period of one subframe

 (SNR dB (Gain over baseline))
	W/ Frequency hopping period of 4 subframes
 (SNR dB (Gain over baseline))
	W/ Frequency hopping period of 8 subframes
 (SNR dB (Gain over baseline))
	W/ Frequency hopping period of 16 subframes
 (SNR dB (Gain over baseline))

	TBS 152 with no rep (1Tx).
	-0.48
	-
	-
	-
	-

	TBS 152 with 4 Rep.
	-5.82
	-7.25 (1.43)
	-
	-
	-

	TBS 152 with 32 Rep.
	-12.29
	-13.99 (1.70)
	-13.85 (1.56)
	-13.67 (1.38)
	-13.42 (1.13)

	TBS 152 with 64 Rep.
	-14.24
	-15.72 (1.48)
	-15.76 (1.52)
	-15.82 (1.58)
	-15.57 (1.33)

	TBS 152 with 128 Rep.
	-16.24
	-17.71(1.47)
	-17.55 (1.31)
	-17.63 (1.39)
	-17.52 (1.28)

	TBS 152 with 256 Rep.
	-18.60
	-19.88 (1.28)
	-19.86 (1.26)
	19.74 (1.14)
	-19.72 (1.12)


Observations:

· The gain of frequency hopping on top of the baseline is significant about 3dB at 1% BLER

· The gain of frequency hopping on top of the baseline is moderate about 1.5dB at 10% BLER

· The performance difference for different hopping periods (1/4/8/16) is marginal
· TBS 152 bits with 128 repetitions and frequency hopping achieves the coverage target of -14.3 dB at 1% BLER
· TBS 152 bits with 64 repetitions and frequency hopping achieves the coverage target of -14.3 dB at 10% BLER

In the second set of simulations, the following cases were simulated and compared:

· Time-domain continuous repetitions with 3dB PSD boosting – Base line of 3dB boosting
· Base line of 3dB boosting with Frequency hopping period of one subframe
· Base line of 3dB boosting with Frequency hopping period of 4 subframes
· Base line of 3dB boosting with Frequency hopping period of 8 subframes
· Base line of 3dB boosting with Frequency hopping period of 16 subframes   
Figures 2 in Appendix A shows the BLER performance results of TBS 152 bits for EPA channel with Doppler spread of 1Hz in the second set of simulations. The results are also tabulated in Table 3 and 4 below at 1% and 10% BLER respectively for better comparison where the gain over baseline of 3dB boosting is marked with green colour. 
Table 3: Performance of different Frequency hopping periods of 1, 4, 8 and 16 subframes at 1% BLER and 3dB PSD

	TBS Size

and 

Repetition

Number 
	Base line of      3dB Boosting

(SNR dB)
	W/ Frequency hopping period of one subframe

 (SNR dB (Gain over baseline of 3dB Boosting))
	W/ Frequency hopping period of 4 subframes
 (SNR dB (Gain over baseline of 3dB Boosting))
	W/ Frequency hopping period of 8 subframes
 (SNR dB (Gain over baseline of 3dB Boosting))
	W/ Frequency hopping period of 16 subframes
(SNR dB (Gain over baseline of 3dB Boosting))

	TBS 152 with no rep (1Tx).
	1.51
	-
	-
	-
	-

	TBS 152 with 4 Rep.
	-2.40
	-5.72 (3.32)
	-
	-
	-

	TBS 152 with 32 Rep.
	-7.81
	-11.36 (3.55)
	-11.25 (3.44)
	-10.90 (3.09)
	-10.45 (2.64)

	TBS 152 with 64 Rep.
	-9.37
	-13.13 (3.76)
	-13.02 (3.65)
	-13.06 (3.69)
	-12.57 (3.20)

	TBS 152 with 128 Rep.
	-11.61
	-14.92
	-15.21
	-14.84
	-15.11

	TBS 152 with 256 Rep.
	-15.01
	-17.38 (2.37)
	-17.47 (2.46)
	-17.29 (2.28)
	-17.72 (2.71)


Table 4: Performance of different Frequency hopping periods of 1, 4, 8 and 16 subframes at 10% BLER and 3dB PSD

	TBS Size

and 

Repetition

Number 
	Base line of      3dB boosting

(SNR dB)
	W/ Frequency hopping period of one subframe

 (SNR dB (Gain over baseline of 3dB Boosting))
	W/ Frequency hopping period of 4 subframes
 (SNR dB (Gain over baseline of 3dB Boosting))
	W/ Frequency hopping period of 8 subframes
 (SNR dB (Gain over baseline of 3dB Boosting))
	W/ Frequency hopping period of 16 subframes
 (SNR dB (Gain over baseline of 3dB Boosting))

	TBS 152 with no rep (1Tx).
	-4.09 
	-
	-
	-
	-

	TBS 152 with 4 Rep.
	-7.94 
	-7.25 (0.69)
	-
	-
	-

	TBS 152 with 32 Rep.
	-13.02
	-13.99 (0.97)
	-13.85 (0.83)
	-13.67 (0.65)
	-13.42 (0.40)

	TBS 152 with 64 Rep.
	-14.93
	-15.72 (0.79)
	-15.76 (0.83)
	-15.82 (0.89)
	-15.57 (0.64)

	TBS 152 with 128 Rep.
	-16.36
	-17.71(1.35)
	-17.55 (1.19)
	-17.63 (1.27)
	-17.52 (0.89)

	TBS 152 with 256 Rep.
	-18.94 
	-19.88 (0.94)
	-19.86 (0.92)
	-19.74 (0.80)
	-19.72 (0.78)


Observations:

· Again the gain of frequency hopping on top of the baseline of 3dB boosting is significant about 3dB at 1% BLER

· Again the gain of frequency hopping on top of the baseline of 3dB boosting gets smaller about 1dB at 10% BLER

· Again the performance difference for different hopping periods (1/4/8/16) is marginal

· TBS 152 bits with 128 repetitions, frequency hopping and 3dB boosting achieves the coverage target of -14.3 dB at 1% BLER

· TBS 152 bits with 32 repetitions, frequency hopping and 3dB boosting achieves the coverage target of -14.3 dB at 10% BLER 
In the third set of simulations, the following cases were simulated and compared:

· Time-domain continuous repetitions –Base line
· Time-domain repetitions with 3dB PSD boosting
Table 5 shows tabulated results from Figure 2 at 1% and 10% BLER where the gain over baseline is calculated as in the previous results.    
Table 5: Performance difference of the baseline and with 3dB PSD boosting
	TBS Size

and 

Repetition

Number 


	1% BLER
	10% BLER

	
	Base line      (SNR dB)
	Base line of 3dB boosting

(SNR dB (Gain over baseline))


	Base line      (SNR dB)

	Base line of 3dB boosting

(SNR dB (Gain over baseline))



	TBS 152 with no rep (1Tx).
	4.94
	1.51(3.43)
	-0.48
	-4.09 (3.61)

	TBS 152 with 4 Rep.
	-0.43
	-2.40(1.97)
	-5.82
	-7.94 (2.12)

	TBS 152 with 32 Rep.
	-6.83
	-7.81(0.98)
	-12.29
	-13.02 (0.73)

	TBS 152 with 64 Rep.
	-8.66
	-9.37(0.71)
	-14.24
	-14.93 (0.69)

	TBS 152 with 128 Rep.
	-10.86
	-11.61 (0.75)
	-16.24
	-16.36 (0.12)

	TBS 152 with 256 Rep.
	-14.20
	-15.01(0.81)
	-18.60
	-18.94 (0.34)


Observation:

· The PDSCH PSD boosting gain reduces significantly with higher number of repetitions or at very low SINR.

3 Conclusion
In this contribution, we have provided the baseline PDSCH performance results as well as performance gains of some coverage enhancement techniques such as frequency hopping and PDSCH PSD boosting for Rel-13 low complexity MTC in coverage enhanced mode. We have the following observations:

Observations:

· The gain of frequency hopping on top of the continuous time-domain repetition is significant about 3dB at 1% BLER

· The gain of frequency hopping on top of the continuous time-domain repetition is moderate about 1.5dB at 10% BLER

· The performance difference for different hopping periods (1/4/8/16) is marginal when retuning time is not taken into account
· The PDSCH PSD boosting gain reduces significantly with higher number of repetitions or at very low SINR.
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5 Appendix A: PDSCH Performance Results
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          Figure 1. PDSCH Performance with EPA (1Hz) w and w/o Freq hopping
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Figure 2. PDSCH Performance with EPA (1Hz) w 3dB boosting and w and w/o Freq hopping
6 Appendix B: Simulation assumptions
Table 6. Link level Simulation Assumption for PDSCH (R1-144513)
	Parameter
	Value in SIB simulations

	Number of subframes
	50000

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1

	Channel model
	EPA

	Doppler spread
	1 Hz

	Transport block size (TBS)
	152 bits

	Number of  PRBs
	6

	Redundancy versions (RV)
	RV0

	Transmission Mode
	TM2

	Frequency error
	Not modelled

	Performance target/ Requirement
	1% and 10% BLER 

	Channel estimation
	Practical (single subframe channel estimation)
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