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Performance Comparison between TU and EPA
1 Introduction
This contribution compares TU 1 Hz and EPA 1Hz channel models based on link-level simulations. 
2 Link-level simulation
2.1 Channel model characterization
The TU and EPA channel models applied in our simulation are aligned with the definitions by 3GPP respectively in [2] for GSM and in [3] for LTE. TU and EPA multi-path delay profiles are characterized in Table 1 and Table 2. 
Table 1 TU model

	Tap

number
	Relative time (µs)
	Average relative power (dB)
	Doppler

spectrum

	
	(1)
	(1)
	

	1
	0,0
	‑4,0
	CLASS

	2
	0,1
	‑3,0
	CLASS

	3
	0,3
	0,0
	CLASS

	4
	0,5
	‑2,6
	CLASS

	5
	0,8
	‑3,0
	CLASS

	6
	1,1
	‑5,0
	CLASS

	7
	1,3
	‑7,0
	CLASS

	8
	1,7
	‑5,0
	CLASS

	9
	2,3
	‑6,5
	CLASS

	10
	3,1
	‑8,6
	CLASS

	11
	3,2
	‑11,0
	CLASS

	12
	5,0
	‑10,0
	CLASS


Table 2 EPA model

	Tap

number
	Relative time (ns)
	Average relative power (dB)
	Doppler

spectrum

	1
	0
	0,0
	CLASS

	2
	30
	‑1,0
	CLASS

	3
	70
	‑2,0
	CLASS

	4
	90
	‑3,0
	CLASS

	5
	110
	-8,0
	CLASS

	6
	190
	-17,2
	CLASS

	7
	410
	‑20,8
	CLASS


In general, TU and EPA have different power delay profiles. This difference is unlikely to result in visible performance difference in NB M2M system where the delay spreads of these two channel models are far less than one-symbol duration, so both of them could be regarded as single-tap fading channels at the receiver’s equalizer. However, for the GSM evolution based solution where one-symbol duration is around 3.69 us, TU and EPA may show slightly different performance due to the extra time-multipath diversity and/or frequency selective diversity yielded by TU.
2.2 Simulation assumptions
2.2.1 NB M2M
Variations of RF channel spacing are supported in NB M2M system as proposed by our companion contribution [4]. For example, 15kHz for downlink and 5kHz for uplink without channel bonding, or 40kHz for uplink with eight channels bonding. Two extreme bandwidths are assumed in the simulation. Table 3 shows the simulation assumptions for NB M2M.

Table 3 Simulation parameters for NB M2M
	Parameter
	Value

	Carrier (MHz)
	900

	Channel spacing (kHz)
	5, 40

	Symbol rate (kHz)
	3.75, 30

	Direction
	Uplink

	Antenna
	1T2R

	Channel model
	TU, EPA

	Residual frequency error (Hz)
	±90

	Doppler (Hz)
	1

	FEC
	1/3 Turbo

	Modulation
	GMSK


2.2.2 GSM Evolution
The simulation assumptions of existing GSM/GPRS system are largely reused for the GSM evolution based solution, which are shown in Table 4.
Table 4 Simulation parameters for GSM evolution based solution
	Parameter
	Value

	Carrier (MHz)
	900

	Channel spacing (kHz)
	200

	Direction
	Uplink

	Antenna
	1T2R

	Channel model
	TU, EPA

	Residual frequency error (Hz)
	±90

	Doppler (Hz)
	1

	MCS
	MCS-1

	Hopping mode
	Frequency hopping


2.3 Simulation results
2.3.1 NB M2M
Figure 1 shows BLER performance comparison in case of 3.75kHz symbol rate for 5kHz channel spacing by using TU and EPA channel models. 1x and 8x repetition transmissions are simulated respectively.
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Figure 1 Uplink performance without channel bonding (5kHz channel spacing)
Figure 2 shows performance comparison of the two channel models in case of 30kHz symbol rate for 40kHz channel spacing, which is a result of channel bonding as proposed in [4]. As channel bonding is likely to be adopted only in good coverage condition 1x repetition is simulated.
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Figure 2 Uplink performance with 8 channel bonding (5kHz per channel, 40kHz in total)
2.3.2 GSM evolution
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Figure 3 Uplink performance of GSM evolution
3 Conclusions
Comparisons of TU and EPA are provided in this contribution based on link-level simulations. No visible difference between TU and EPA was observed for NB M2M solution and only trivial difference was observed for GSM evolution based solution. 
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