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NB M2M – Uplink Synchronization
1 Introduction
In traditional cellular networks (e.g. GSM and LTE), maintaining the time alignment of uplink bursts from different terminals at the base station receiver is an important requirement. This is needed to avoid interference or collision between terminals assigned to transmit consecutively when they are subject to different round trip delay. 
However, accurate time alignment may not need to be strictly maintained by the “clean-slate” NB M2M system due to the use of a much longer symbol duration than GSM and LTE (due to narrower bandwidth uplink channels) and also because the individually pulse shaped uplink transmissions are separated in the frequency domain, and so there is no timing related requirement associated with maintaining orthogonality between different sub-carriers (unlike an OFDMA uplink). In this contribution, the uplink synchronization issue is discussed for the NB M2M system. 
This contribution is a re-structuring and update of GP-140865 presented at GERAN #64.
2 Discussion
The uplink synchronization problem can be analysed with respect to two aspects: the uplink timing error at the receiver and the collision between adjacent uplink bursts. In Subsection 2.1 and Subsection 2.2, the impacts of these two aspects are evaluated. Furthermore, as the timing advance mechanism is widely adopted by traditional cellular networks (e.g. GSM and LTE), a preliminary cost/overhead analysis is provided for the timing advance mechanism in Subsection 2.3, taking account of the requirements of the Cellular IoT system and the associated traffic model.
2.1 Uplink timing error
The base station needs to synchronize its receiver with the time of arrival of uplink packets to efficiently perform baseband processing. Therefore, uplink ToA (time of arrival) estimation is often carried out by the receiver to keep its processing synchronized with the start of data packets. However, the accuracy of ToA estimation differs depending on the signals used for estimation and the applied estimation algorithms. For example, in GSM, about ± 0.9µs estimation accuracy is required while in LTE, the preamble design of RACH provides a one-shot accuracy of about ± 0.5µs based on a straightforward algorithm. 
In the following evaluations, assuming maximum 1/4 symbol timing error (corresponding to ± 66.68µs ToA estimation accuracy) for uplink provides sufficient margin and freedom for algorithm implementation. Actually, in the NB M2M system, the symbol duration is around 266.7 µs with 3.75 kHz uplink channel symbol rate as illustrated in [1]. As a result, even without ToA estimation the round trip delay with up to 10km cell radius (about 66.7µs) accounts for less than 1/4 symbol with 3.75 kHz uplink channel symbol rate. The use of ToA algorithms at the base station receiver can support much larger cell sizes than the 10 km radius. It is envisaged that cell sizes of greater than 35 km can be supported with more sophisticated base station receiver processing, for example using the pilot symbols in the uplink burst to detect symbol timing.

Figure 1 and Figure 2 show BLER performance with different residual timing errors for the uplink transmissions by Class-A MTC device and Class-B MTC device [2] respectively. In addition to the case corresponding to the maximum 1/4 symbol timing error, a case assuming a moderate 1/8 symbol timing error is also simulated. Only 40ms-length bursts are used in the simulation, which have least resistance to timing error. Longer bursts that would normally be used for traffic transmission are expected to yield much better performance. BPSK modulation for Class-A is applied in the simulations. 
The detailed simulation assumptions are provided in Table I in the Annex.
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Figure 1 Uplink performance with ideal & non-ideal synchronization for Class-A MTC device
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Figure 2 Uplink performance with ideal & non-ideal synchronization for Class-B MTC device

From Figure 1 and Figure 2, it can be seen that even assuming 1/4 symbol timing error, the SNR value @10% BLER using MCS-1 is about -6 dB which is lower than the target SNR corresponding to the 164 MCL. This shows that somewhat margin is provided by the link-level performance in our NB M2M system to comfortably meet the objectives of the SI [3]. The performance degradation caused by larger uplink timing error (e.g. worse performance with 1/4 symbol timing error compared to 1/8 symbol timing error) could easily be avoided by applying ToA estimation algorithms at the base station receiver. Compared to Class-B MTC devices where GMSK is used, the Class-A MTC devices with BPSK show in the simulations a larger performance difference than expected in theory between GMSK and BPSK. This is because the same CBS defined for the 40ms-length bursts with GMSK and BPSK [2] leads to different code rates due to the different pilot patterns included in the bursts. 
2.2 Uplink burst collision
Adjacent uplink bursts from terminals experiencing different propagation delays may collide with each other at the base station receiver in the NB M2M system when terminals are using the same uplink sub-channel and so are separated in a TDMA manner. However, the collision problem in the NB M2M system is not as prominent as in some other system (e.g. OFDM/SC-FDM based systems) where uplink orthogonality between different carriers/channels is required to be strictly maintained. This is because the NB M2M uplink transmissions are individually pulse shaped, and so are largely non-overlapping in the frequency domain. Moreover, the longer symbol durations and longer burst durations used in the NB M2M system are more capable of resisting the signal degradations caused by burst collisions.
The following simulations show the impact of burst collisions between successive UL bursts on the same sub-channel 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 due to the shorter symbol duration. The BLER curves for 0µs overlap between bursts, 7.3 µs overlap between bursts (corresponding to 1.732 km ISD) and 233 µs overlap between bursts (corresponding to 35 km cell radius) are provided. Note that the simulations represent the worst case scenario in which a burst from a terminal far from the BS collides with a burst from a terminal close to the BS, leading to the longest overlap between the adjacent bursts at the BS receiver.
Figure 3 and Figure 4 respectively show the simulation results for the uplink burst from Class-A and Class-B MTC devices. 8PSK modulation is simulated for Class-A, as this is envisaged to be the most sensitive to burst collision. The other simulation assumptions are shown in Table I in the Annex.
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Figure 3. Uplink performance with burst collision in worst case
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Figure 4. Uplink performance with burst collision in worst case
The simulation results show that there is almost no performance loss with 7.3µs overlap and about 0.5 dB loss for 233µs overlap between bursts @10% BLER for both Class-A and Class-B MTC devices. This is because of the very limited number of symbols that are degraded, combined with 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 more similar distance to BS).
In addition, similarly to GSM, 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. As an example, a length-266.7µs guard period occupies less than 3% of a 10ms burst but can completely avoid any collision between consecutive uplink bursts on the same sub-channel. In practical deployments, most of the bursts are much longer than 10ms so a much smaller impact on the system throughput is expected. 
2.3  TA cost analysis
To avoid adjacent uplink burst collisions, the base station could, in principle, command the mobile station to advance the start of transmission time in proportion to the distance from the base station. This kind of timing advance (TA) mechanism is employed by GSM and LTE system where relatively strict burst timing alignment is required to maintain system performance. However, this TA mechanism will bring extra cost in terms of overhead, complexity and power consumption which is important in the context of the Cellular IoT system requirements and traffic model. 
· Overhead: Explicit signalling is needed to inform the terminal of the required the timing advance during the initial access and whenever update is required (e.g. when uplink synchronization is lost). The overhead incurred by explicit signalling will increase if repeated transmission is needed to meet the coverage extension target. Additional overhead may be introduced if there is a need for periodic UL transmissions to assist the base station in maintaining the required timing correction, which serve no purpose for useful data transmission. These overheads can be significant in the context of a Cellular IoT system that needs to be optimised for a traffic model that is significantly different from a conventional cellular system.
· Complexity: The terminal needs to continuously monitor the synchronization status to keep all uplink transmissions time-aligned (e.g. maintenance of a time alignment timer). The terminal also needs to adjust its transmit timing every time upon receiving a timing advance command. Furthermore, if no timing advance message is required, there is potential to simplify the traditional RACH procedure. 
· Power consumption: The terminal needs to be wake-up for periodic uplink transmission that are needed to assist the base station in deciding whether the uplink timing should be adjusted. This is particularly an issue during long DRX periods while in the connected mode. If the terminal is allowed to lose the uplink timing synchronization in connected mode to save power consumption, the RACH procedure has to be performed whenever the uplink timing synchronization needs to be re-established, which will increase the overhead and system complexity. 
It is also noted that ToA estimation is required by the TA mechanism, so the support of a TA mechanism cannot alleviate the performance degradation caused by uplink timing error analysed in Subsection 2.1. 
3 Conclusions

The uplink synchronization issue in the NB M2M solution is discussed in this contribution. Link-level simulations are performed to examine the impacts of the uplink synchronization with respect to uplink timing error and uplink burst collision. The simulation results show that the NB M2M system is robust to uplink time misalignment. The possibility of including a guard period between consecutive uplink bursts on the same sub-channel is also discussed. The uplink burst collision can be completely avoided by the guard period at the expense of minor loss of spectrum efficiency. 
A cost analysis provided for the traditional TA mechanism shows that the support of TA not only brings extra overhead and complexity but also increases the power consumption. This is an important consideration in the context of the Cellular IoT system given the very different traffic model compared with traditional cellular systems.

In light of this analysis, it is the sourcing company’s view that it is not necessary or beneficial to support uplink TA in the NB M2M system.
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5 Annex
Table I Simulation assumptions
	Simulation Parameters
	Values

	Carrier (MHz)
	900

	Channel spacing (kHz)
	5 for non-channel bonding;

40 for channel bonding

	Symbol rate (kHz)
	3.75 for non-channel bonding;

30 for channel bonding

	Direction
	Uplink

	Antenna
	1T2R

	Channel model
	TU

	Residual frequency error (Hz)
	±45

	Doppler (Hz)
	1

	FEC
	1/3 Turbo

	Modulation
	BPSK and 8PSK for Class-A ; 

GMSK for Class-B
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