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NB M2M - Necessity of Timing Advance
1 Introduction
In traditional cellular networks (e.g. GSM and LTE), a timing advance mechanism is used to maintain the timing alignment of terminal uplink bursts as received at the base station. This is required to avoid inter-user interference or collisions when different terminals are subject to different round trip delay. 

However, this uplink timing advance design may not be needed for the “clean-slate” NB M2M system considering its different characteristics and design. Key features of NB M2M that may facilitate the removal of any timing advance capability are:

· Much longer symbol duration than GSM (due to narrower bandwidth uplink channels) which means that small overlaps between transmitted bursts from different terminals may not cause a significant degradation.
· Unlike systems such as LTE, the NB M2M uplink does not use OFDMA or SC-FDMA which means that uplink transmissions scheduled on different sub-channels in the frequency domain do not require timing alignment between each other. This is because the NB M2M uplink transmissions are individually pulse shaped and so have very low overlap in the frequency domain. In contrast, OFDMA/SC-FDMA systems rely on maintaining orthogonality between different sub-carriers which requires timing alignment of received symbols from different users to within the cyclic prefix duration. 
In this contribution, the necessity of timing advance command is examined for the NB M2M system. The benefits of removing timing advance signalling are enhanced system efficiency and reduced terminal power consumption. 
This is an update of the document GP-140564 presented in GERAN #63.
2 Discussion
The impact of the absence of a timing advance mechanism is evaluated with respect to two aspects: uplink time synchronization and uplink burst collision. Uplink timing synchronisation refers to the accuracy with which the base station receiver must acquire symbol timing for optimum burst decoding. Uplink burst collision refers to the potential for consecutive bursts on the same uplink sub-channel to overlap in time.
2.1 Uplink time synchronization
The base station must synchronize its receiver with the time of arrival of uplink packets to efficiently perform baseband processing. Figure 1 gives an illustration of timing errors at the base station receiver in the absence of a timing advance mechanism.
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Figure 1. Timing error at base station receiver without TA

The maximum uplink arrival timing error at base station corresponds to the round-trip propagation delay assuming accurate downlink timing is acquired at the terminal. In Table 1, the maximum timing errors for different cell radii are shown. 
Table 1. Maximum timing errors for different cell radii
	Cell radius (km)
	1.1
	35
	70
	100

	Timing error (us)
	7.3
	233
	466
	666


The timing error is not expected to result in noticeable performance degradation for the NB M2M system because:

· In the NB M2M system, the symbol duration is around 266.7 us with 3.75 kHz uplink channel symbol rate as illustrated in [1]. Therefore, the maximum timing error with up to 10km cell radius (about 66.4us) accounts for less than 1/4 symbol with 3.75 kHz uplink channel symbol rate. Even when x8 uplink channels bonding is deployed, the symbol duration is 33.3 us which still maintains a considerable degree of tolerance to timing error. Besides, uplink channel bonding is likely to be only used by a terminal in good coverage conditions (i.e. sufficiently close to BS) so the timing error is expected to be limited within a smaller range (e.g. 0~1/8 symbol).

· Even in a low complexity implementation, the receiver in the base station is able to compensate the timing error by using a very limited searching algorithm, especially to support larger cell radii. For example, the receiver may search for the best timing with a raster around its receiver window until the best uplink timing is detected. By this means, the timing error could be reduced to a certain level (e.g. smaller than 1/8 or 1/4 symbol duration) even for 100 km cell radius. 

From the analysis above, the uplink timing error can be easily controlled to less than 1/4 or even 1/8 symbols in the NB M2M system. In the following, simulations are performed to evaluate the performance impacts of uplink timing error at the BS receiver. Table 2 gives simulation assumptions and Figure 2 shows BLER performance for different timing errors with 1x and 8x repetition transmissions respectively.
Table 2 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 with non-ideal synchronization in NB M2M
From Figure 2, it can be seen that there is only about 0.2 dB loss @10% BLER with 1/8 symbol timing error for both 1x and 8x repetition transmissions. Even with 1/4 symbol timing error, only about 0.5 dB loss @10% BLER is observed.

2.2 Uplink burst collision
Different user bursts on a particular PUSCH are scheduled in a TDMA manner in the NB M2M system, so adjacent bursts from terminals experiencing different propagation delay may overlap with each other at the base station receiver, assuming no guard time is inserted between bursts. 
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Figure 3 Uplink timing and burst collision without TA mechanism

Figure 3 shows a burst collision between two MTC devices having different propagation delays d1 and d2. Performance loss caused by burst collision is mainly determined by three factors:

· Distance between base station and MTC device;

· Symbol duration;

· Number of symbols in an individual scheduled burst  
The following simulation shows the impact of adjacent UL bursts collision for the NB M2M system. Only UL transmissions with 30 kHz uplink channel symbol rate (i.e. x8 uplink channel bonding) are simulated, as this has the least resistance to burst collisions. The BLER curves for 0us overlap between bursts, 233us overlap between bursts (i.e. 35 km distance to BS) and 666us overlap between bursts (i.e. 100 km distance to BS) are provided. Note that the simulations represent the worst case of a burst from a terminal far from the BS colliding with a burst from a terminal close to the BS, in order to cause the maximum differential timing error at the BS receiver and therefore the longest overlap between the bursts.
Table 3 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 3 gives simulation assumptions and Figure 4 shows the simulation results. Only 1x repetition transmission is simulated given that sub-channel bonding of x8 has been used as the worst case. 
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Figure 4. Uplink performance with burst collision in worst case
The simulations show that there is less than 0.1 dB loss for 233us overlap between bursts and less than 0.6 dB loss for 666us overlap between bursts @10% BLER because of the protection of FEC coding. Even smaller performance degradation is expected for smaller channel spacing (e.g. no UL channel bonding) and/or less overlap between bursts (e.g. two devices with similar distance to BS).
In addition, it would be feasible to introduce a guard time between consecutive bursts to avoid collisions entirely, since the required guard time would be a very small fraction of the overall burst duration and therefore would only have a minor impact on system throughput.
3 Conclusions

The requirement of uplink TA in the NB M2M is discussed in this contribution. Simulation results show that there is only a 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 removed. As a result, system efficiency is expected to be enhanced and the power consumption of the MTC device would be reduced. Considering these benefits, it is the sourcing company’s view that it is not necessary to support uplink TA in the NB M2M system.
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