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1 Introduction
In 3GPP RAN Plenary #69, a new work item (WI) named NarrowBand IOT (NB-IOT) was approved [1]. NB-IOT supports 180 kHz UE RF bandwidth, OFDMA on the downlink with two options: 15 kHz and 3.75 kHz sub-carrier spacing. Three NB-IoT operating modes were defined: stand-alone, guard band, and in-band operating mode.
In this contribution, we discuss frequency offset tracking as part of frequency synchronization process for NB-IOT, particularly for multi-narrowband in-band NB-IoT operation. In RAN1 #82bis, there were some proposals to consider multi-narrowband in-band NB-IoT. 
2 Discussion

2.1 NB-IoT operation

In legacy LTE system, a UE can receive multiple signals/channels transmitted from eNode-B. For example, within one sub-frame, a UE can receive PSS/SSS, PBCH, PDCCH, PDSCH, and CRS. The NB-IoT has narrowband concept and only occupy 180 kHz bandwidth. In case of NB-IoT with multi narrowband operations, the frequency hopping operation can be deployed to gain frequency diversity. The frequency hopping operation makes the UE can switch to other narrowband within the allocated multi-narrow bands from time to time. For efficiency purposes, some NB-IoT channels (e.g. PBCH, PSS/SSS) are not always available in each narrow band. Thus, once the UE switches to other narrowband, there is a possibility that NB-IoT UE cannot receive PSS/SSS and also PBCH.
Observation 1: In multi-narrowband in-band NB-IoT operation, NB-IoT UE has limited capability to simultaneously receive multiple signals/channels.

2.2 Tracking of Frequency Offset

Once the frequency offset has been estimated and compensated during synchronization initialization phase, the UE still needs to continuously track the frequency offset and ensure the frequency offset within certain acceptable range in order to avoid performance degradation. We also need to consider that a system with smaller sub-carrier spacing (e.g. 3.75 kHz) is more sensitive to the frequency offset due to inter-carrier interference (ICI).

The UE must regularly track the frequency offset, mainly due to the following factors:

1. UE temperature variation.
Temperature changes in an UE or particularly oscillator component are known in introducing frequency offset. The oscillator datasheet usually show the range of frequency shift by temperature (e.g. ± 20 ppm for the temperature range between -30 to 85 C). That is equivalent to ±16 kHz for 800 MHz carrier frequency. Moreover, it is also known that the relation between temperature changes and the frequency shift is not linear. Thus, it is difficult to precisely predict the amount of frequency offset. 

Some UE can be equipped with TXCO (temperature compensated crystal oscillator). However, it is relatively expensive for low cost device (MTC/NB-IOT) and still difficult to precisely predict the amount of frequency offset.

In legacy LTE device, the RF designer usually places the oscillator far away from the TX unit. Due to the small factor of MTC/NB-IOT, it is even more challenging to avoid high temperature variation in an MTC/NB-IOT device.

2. Channel variations & Doppler Shift

The wireless channel between base-station and the mobile device varies over time and frequency. Moreover, the NB-IOT device can experience a Doppler shift depending on the device velocity.

3. Others
It covers, oscillator aging and oscillator phase noise.

Observation 2: The NB-IOT device needs to track the frequency offset in order to avoid performance degradation. Even in the stationary mode (e.g small Doppler shift), the NB-IOT device needs to track the frequency offset mainly due to the device temperature variation.

Legacy LTE device typically uses CRS signal for frequency offset tracking purpose. In our previous contribution [2], the method to calculate frequency offset estimation performance in MTC based on CRS was described. The frequency offset estimation result for “NB-IOT-like” system with 180 kHz bandwidth and maintaining LTE numerology is shown Figure 1. Due to limited number of reference signal (CRS), the estimation performance of NB-IOT system is very poor. 

Observation 3: Frequency offset estimation using CRS results in poor performance, particularly in narrowband operation.  Moreover, the frequency offset is very high in low SNR region (extended coverage / extreme condition).
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Figure 1: Frequency error rms in Hz versus SNR (dB)
The NB-IOT device needs to use other frequency tracking method in order to keep the estimation error within reasonable range. We could consider, a method where the NB-IOT receives synchronization signal, performs frequency estimation, and achieve a good performance as shown in [3]. Alternatively, use a new concept of PBCH scheme [4] and adopt it for NB-IoT. It was proposed to arrange repeated PBCH resource allocation so that it can be used for frequency offset tracking purpose. 

However, these alternatives do not allow the NB-IOT to also receive the other channels (e.g. data, control channel). One proposal is to introduce measurement gaps concept in NB-IOT. In legacy LTE, measurement gap is used for Inter-frequency and inter-RAT measurement [5]. Recently, there is also a proposal on measurement gap based intra-frequency cell detection for narrow band operation of eMTC [6]. A periodic measurement gap can be used by the NB-IOT device to perform frequency offset estimation and/or any other potential purposes (e.g measurements). During measurement gap length, the eNB is also aware that the UE performs frequency offset estimation and/or any other potential purposes.

We consider a reliable frequency offset tracking can be performed with a proper measurement gaps configuration.

Proposal 1: In multi-narrowband in-band NB-IoT operation, periodic measurement gaps for NB-IOT is introduced and it can be used for frequency offset tracking. 

Proposal 2: Depending on the length of measurement gap, it can contain PBCH, synchronization signals, and/or CRS that can be utilized for frequency offset tracking.

3 Conclusion

In this contribution, we discussed our views on frequency tracking for NB-IOT. We have observed the following items:

Observation 1: In multi-narrowband in-band NB-IoT operation, NB-IoT UE has limited capability to simultaneously receive multiple signals/channels.

Observation 2: The NB-IOT device needs to track the frequency offset in order to avoid performance degradation. Even in the stationary mode (e.g small Doppler shift), the NB-IOT device needs to track the frequency offset mainly due to the device temperature variation.

Observation 3: Frequency offset estimation using CRS results in poor performance, particularly in narrowband operation.  Moreover, the frequency offset is very high in low SNR region (extended coverage / extreme condition).
Hence, the following proposals:
Proposal 1: In multi-narrowband in-band NB-IoT operation, periodic measurement gaps for NB-IOT is introduced and it can be used for frequency offset tracking. 

Proposal 2: Depending on the length of measurement gap length, it can contain PBCH, synchronization signals, and/or CRS that can be utilized for frequency offset tracking.
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