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On time synchronization for NB M2M
1 Introduction 

At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
One of the candidate solutions in the study is the proposal on NB M2M, see subclause 7.1 in [2].

In this paper, the sourcing company elaborates on comments provided during earlier discussions relating to NB M2M and the receiver time synchronization.
2 Time synchronization
In a cellular system a device will as a first task do an initial cell search to find suitable cells to camp on. The cell environment is after the initial cell search updated through cell re-selection. As part of finding a suitable cell to camp on, the device synchronizes to the cell. For NB M2M this is for example described in [3] and [4].
One of the findings in [4] is that at an extreme coverage situation the accuracy in timing of the cell cannot be achieved with better accuracy than 1/4th of a symbol.

However, at GERAN Ad Hoc#1 on FS_IoT_LC, it was shown that with a symbol offset of 1/4th of a symbol, the NB M2M system suffers from performance degradation of around 1.5 dB, see [5].

The reason for this is that the NB M2M is relying on an ISI free reception, which implies that the sampling phase must be perfect to achieve this. I.e. an RRC TX pulse is used and matched RX filter, which give an ISI free signal only when sampling at the right sampling phase.
Figure 1 shows the residual ISI ratio in case of a symbol offset in the sampling phase.  Residual ISI is defined as the energy of the taps that fall outside the channel length covered by the EQ divided by the energy of the taps that are inside the channel length. In this case the channel length covered by the EQ is only 1. The radio channel time dispersion is not included but this can be neglected due to the long symbols duration in the system.

As can be seen, at ¼ symbol offset, the residual ISI ratio is around -7 dB. 
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Figure 1. Residual ISI ratio for different sampling phase offset.

To avoid the ISI caused by the sampling offset, equalization is needed.

Hence another way to look at it is to show how many EQ channel taps that are required to cover the majority of the channel energy, versus the sampling offset. This is shown in Figure 2.  E.g. the blue curve shows how many channel taps that are needed to get the self-interference (“residual ISI”) 15 dB below the useful signal energy.
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Figure 2. Required EQ length vs sampling offset.

Apart from the network synchronization in the DL the signal propagation delay will impact the received signal on the UL. E.g. for a cell radius of 35 km the received signal will be offset around 0.9 symbol periods, even if perfect frame synchronization is achieved on the DL.
It has been started in previous discussions that this problem can be alleviated “with more sophisticated base station receiver processing, for example using the pilot symbols in the uplink burst to detect symbol timing” (see [5]), or “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)” (see [6]).
Although this type of measure is commonly used in receivers today, it is not obvious that this is possible to achieve in any system, or to what accuracy time synchronization can be achieved.
Hence, it is the view of the sourcing company that before such statements are made, the time synchronization process should be modeled in both device and BS to estimate its feasibility.

3 Conclusion
The contribution has elaborated on comments provided in earlier discussions relating to the NB M2M candidate technique and the feasibility to correctly acquire timing offset information in the equalization process. 

Although it is not questioned by the sourcing company that this can be done, it is also not obvious, and hence simulations are encouraged to be provided to show the feasibility of time synchronization on DL and UL for NB M2M.
4 Reference

[1] GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) (revision of GP-140418)”, source VODAFONE Group Plc. GERAN#62.
[2] 3GPP TR 45.820 v0.4.0
[3] GP-140864, “NB M2M - Cell Search Mechanism”, source Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd.. GERAN#64

[4] GP-150143, “On NB M2M cell search mechanism”, source Ericsson LM. GERAN#65.

[5] GPC150032, “NB M2M - Uplink Synchronization”, source Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd.
[6] GP-140865, “NB M2M - Necessity of Timing Advance”, source Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd. GERAN#64
1(1)
4(4)

