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NB M2M - Necessity of Timing Advance
1 Introduction
At GERAN a new SI on Cellular IoT was approved [1]. This contribution discusses the requirement of timing advance in the NB M2M solution. An overview of the physical layer design of NB M2M is presented in our companion contribution [2].
2 Discussion
Two aspects need to be taken into account on uplink timing issue in the NB M2M system: uplink time synchronization and uplink burst collision. In the following, we will analyse the requirement for timing advance in the NB M2M system with respect to these two aspects.
2.1 Uplink time synchronization
In traditional cellular networks, a timing advance command based on the timing estimate obtained by DL synchronization signals is used to adjust the terminal uplink transmit timing. In this way, the arrival time of uplink transmissions with different propagation delays is aligned at the base station receiver so that the receiver could efficiently perform baseband processing. Figure 1 shows the timing error at base station receiver without timing advance.
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Figure 1 Timing deviance at base station receiver without TA
Uplink signals arrival timing error at base station is twice of propagation delay if accurate downlink timing is acquired at the terminal. In theory, the cell radius could be ranged from hundreds of metres to tenths of kilometres (up to 35km in GSM system) so the maximum timing error could be 233 us (in GSM system). However, in practical deployment, the cell radius is much shorter. For example, the cells of 1.1 km cell radius (i.e., 1732 metres ISD) are typically assumed as in [3], resulting in about 7.3 us round trip delay.
In our NB M2M system, the symbol duration is around 266.7 us with 5kHz uplink channel spacing as discussed in our companion contribution [2], which means the round trip delay in typical deployment (i.e., 7.3 us) is less than 3% of the symbol duration. The NB M2M system is insensitive to the uplink timing error and overwhelms other systems at this point. 
The following simulation results show the impacts of uplink timing error at the BS receiver.
Table 1 Simulation assumptions for uplink timing synchronization
	Parameter
	Value

	Carrier (MHz)
	900

	Channel spacing (kHz)
	5

	Symbol rate (kHz)
	3.75

	Direction
	Uplink

	Antenna
	1T2R

	Channel model
	TU

	Residual frequency error (Hz)
	±90

	Doppler (Hz)
	1

	FEC
	1/3 Turbo

	Modulation
	GMSK
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Figure 2 Uplink performance loss with non-ideal synchronization in NB M2M
Table 1 gives simulation assumptions and Figure 2 shows BLER performance of different timing errors with 1x and 8x repletion transmissions respectively.
From the figure, it can be seen that there is about 0.2dB loss @10% BLER with 1/8 symbol (roughly corresponding to 5km cell radius) timing error for both 1x and 8x repetition transmissions. Even for 1/4 symbol timing error (roughly corresponding to 10km cell radius), only about 0.5dB loss @10% BLER is observed.
The performance could be improved if the receiver in the base station compensates for the timing error. For example, the receiver can search the timing with a raster around its receiver window iteratively until the uplink timing is detected. By this means, even 35km cell radius can be supported without TA operation in the NB M2M system. For example, 4 searches with 1/4 symbol raster can support up to 40 km cell radius (266.7 us timing deviance).
It is worth noting that although uplink channel bonding [2] shortens the symbol duration, it is likely to be only applied in very good coverage condition (i.e., sufficiently close to BS) where timing error should not be a problem.
2.2 Uplink burst collision
Different user bursts are scheduled in TDMA manner in the NB M2M system so adjacent bursts of users experiencing different propagation delay may interfere with each other. 
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Figure 3 Uplink timing and burst collision without TA mechanism
Figure 3 shows burst collision of two UEs for their different timing error d1 and d2. Performance loss caused by burst collision is mainly determined by three factors:

· Distance between base station and UE;
· Symbol duration;
· Number of symbols in an individual scheduled burst  
The following simulation shows the impact of adjacent bursts collision. Only the worst case where bursts assumed to be transmitted on 40 kHz uplink channel spacing (i.e., 8 uplink channel bonding) are interfered by bursts sent from 35 km away (corresponding to 233 us timing deviance) is carried out. In this case, the interfered symbols account for less than 3% of the total symbols in the bursts.
Table 2 Simulation assumptions for uplink burst collision

	Parameter
	Value

	Carrier (MHz)
	900

	Channel spacing (kHz)
	40

	Symbol rate (kHz)
	30

	Direction
	Uplink

	Antenna
	1T2R

	Channel model
	TU

	Residual frequency error (Hz)
	±90

	Doppler (Hz)
	1

	FEC
	1/3 Turbo

	Modulation
	GMSK


Table 2 gives simulation assumption and Figure 4 shows performance for the above worst collision case. Only 1x repetition transmission is simulated. 
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Figure 4 Uplink performance loss with bursts collision in worst case
Less than 0.1dB loss @10% BLER in the worst case is observed because of the protection of FEC coding. Smaller performance decline is expected in other cases.
3 Conclusions
The requirement of uplink TA in the NB M2M is discussed in this contribution. Simulation results show that there is only negligible performance loss by not supporting uplink TA in NB M2M. Furthermore, if TA is not supported, the TA related procedures (e.g., random access) and signalling could be simplified or removed. As a result, system efficiency is expected to be enhanced and the power consumption of the MTC device would be reduced. In light of these, it is the sourcing companies’ view that it is not necessary to support uplink TA in the NB M2M system.
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