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pCR 45.820 NB M2M - Uplink Synchronization Performance Evaluation
1 Introduction

This document provides the text proposal on uplink synchronization performance evaluation for the NB M2M system. Detailed discussions and analysis on the proposed changes can be found in [1].
2 Proposed text for the TR
	First Change


7. 
Physical layer aspects and radio access protocols for clean slate concepts
[details omitted]
7.1.5
Radio resource management

[details omitted]
7.1.6
Concept evaluation

7.1.6.1
Coverage evaluation
7.1.6.1.2
Uplink synchronization

Uplink time of arrival (ToA) is estimated by the base station receiver to correct the timing of the uplink bursts prior to symbol demodulation. 
The initial ToA estimation for a given MTC device is performed by the base station using the pilot symbols contained in the uplink burst corresponding to the random access request from the device. The pilot patterns for Class A and Class B uplink transmissions are defined in subclause 7.1.2.1.1.3.
7.1.6.1.2.1
Simulation settings
Simulations are performed to evaluate the performance of the initial ToA estimation as described in subclause 7.1.3.2.1. 
The burst duration (for a single repetition) is 40ms which corresponds to the required burst size for the random access request.
 The other simulation assumptions are shown in Table 7.1.6.1-6.
Table 7.1.6.1-6. Simulation assumptions
	Simulation Parameters
	Values

	Carrier (MHz)
	900

	Symbol rate (kHz)
	3.75

	Burst length
	40ms

	Antenna
	1T2R

	Channel model
	TU

	Residual frequency error (Hz)
	±45

	Frequency drift (Hz/s)
	±22.5

	Doppler (Hz)
	1

	FEC
	1/3 Turbo

	Modulation
	BPSK for Class-A
GMSK for Class-B


7.1.6.1.2.2
Simulation results
Figure 7.1.6.1-11 shows the initial ToA estimation performance for Class A and Class B uplink transmissions at -5.7dB SNR, which corresponds to the target 164dB coupling loss for 20dB coverage extension. MCS-1 is used for the random access request in this simulation. 

Figure 7.1.6.1-12 shows the initial ToA estimation performance at a higher SNR for which MCS-5 is selected. The SNR is set to 0.5dB for Class A and 1.1dB for Class B due to the slightly different operating points of the two classes of modulation. Note that MCS-5 is the typical MCS used for random access requests for the coverage classes corresponding to both normal coverage and +10dB coverage extension. 
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Figure 7.1.6.1-11. ToA performance at the SNR=-5.7dB
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Figure 7.1.6.1-12. ToA performance at the SNR=0.5dB for Class-A, SNR=1.1dB for Class-B
From Figure 7.1.6.1-11, it can be seen that a timing error of less than 1/8th symbol (equivalent to 4 samples in the simulations, which use 32 samples per symbol) is achieved with greater than 99% probability at an SNR of -5.7 dB, which corresponds to 164dB coupling loss. 
From Figure 7.1.6.1-12, it can be seen that a timing error of less than 1/8th symbol is achieved with greater than 98% confidence at the higher SNR associated with an MCS-5 burst, even though no repetitions are used in this case. 
	End of Changes
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