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In RAN4#79, NB-IoT RRM core requirements were completed. RAN4 starts working on NB-IoT BS demodulation performance requirements. Most of parameters for the simulation assumptions were also agreed as shown in [1]. One remaining issue in the simulation assumptions is the NB-IoT UE frequency error. LTE UEs in connected state are time and frequency synchronized with the serving cell through continuously tracking to the downlink reference signals from the serving cell. Unlike legacy UEs, however, NB-IoT UEs work on half-duplex mode, which means when the UE cannot perform sending uplink signals and receiving downlink signals at the same time. In addition, NB-IoT UEs are required to transmit uplink signals repeatedly. During the uplink transmission repetition, the NB-IoT UEs are not able to measure the downlink reference signals from the serving cell for time and frequency synchronization. Furthermore, crystal oscillators, such as digital controlled crystal oscillators (DCXOs), are expected to be used in NB-IoT UEs to reduce the device cost. DCXOs are in general less stable than temperature compensated crystal oscillator (TCXOs), which are currently commonly used for mobile handsets [3,4]. Therefore, suitable frequency error models should be used in NB-IoT BS demodulation performance requirements. In this paper, we discuss the NB-IoT UE frequency error model for BS demodulation performance requirements.

Frequency of a crystal oscillators 
The frequency of a crystal oscillator may be impacted by many factors, such as the variations in temperature, aging effect, electromagnetic interference from sources located physically close to the oscillator etc. The major influence on the crystal oscillator performance is the variations in temperature. Since it is not possible to avoid these frequency variations if the crystal is to be used over a wide temperature range, various techniques are used to reduce this effect. 
There are four crystal oscillator configurations commonly used to compensate for frequency variations due to crystal characteristics primarily that of the temperature coefficient. The four types are (1) room temperature crystal oscillator (RTXO), (2) temperature compensated crystal oscillator (TCXO) or voltage controlled, temperature compensated crystal oscillator (VCTCXO), (3) oven controlled temperature crystal oscillator (OCXO), and (4) digitally controlled crystal oscillator (DCXO). Among them,  TCXOs/VCTCXOs are commonly used for mobile handsets due to their better frequency stability than RTXO and DCXO, and lower prices and smaller footprint than OCXO. However, for smaller and cheaper mobile devices for NB-IoT, TCXOs/VCTCXOs may no longer be the best choice due to their higher prices and larger footprint than DCXOs.
As shown in [3, 4], the relation of frequency error visas temperature of crystals can be described by a polynomial function with wide range of temperature. Therefore, we first like to propose to introduce a UE frequency error model with a polynomial function for BS demodulation performance requirements.
Proposal 1: Introduce a UE frequency error model with a polynomial function for BS demodulation performance requirements.
In [5], it is further pointed out that for a low cost crystal oscillator, a typical characteristic for the change in oscillator frequency can be expressed as a polynomials of degree three:

Where  is the ideal frequency,  is the frequency drift (or frequency error),  x is the actual temperature, x0 =26°C is the operation reference point temperature, and  ≈ -0.3,  ≈ ±0.0005,  ≈ 0.00001 are constant parameters in the polynomial. 
In 3GPP RAN4#79nmeeting, RAN4 made the agreement that maximum uplink transmission repetition period without using the downlink reference signals for time and frequency synchronization is limited to 256ms, and the maximum  frequency drift about ±0.05ppm was used when deriving the maximum uplink transmission repetition period. Within 256ms, one can expect the change of the temperature is normally much smaller than 1°C. Thus, the oscillator frequency draft within 256ms due to the  is four orders less than the first  with  ≈ -0.3,  ≈ ±0.0005,  ≈ 0.00001. Thus, for the purpose of BS demodulation performance requirements, we believe it is good enough to have the linear polynomial. In addition, at the start of the uplink transmission, the initial UE frequency drift may not be zero due to the imperfection of the time and frequency synchronized. For NB-IoT, the initial UE frequency drift is defined as ±0.1ppm to ±0.2 ppm depending on the carrier frequency. 
Proposal 2: The UE frequency drift can be modeled as a linear function for BS demodulation performance requirements in the form of 

Where  is the ideal frequency,  is the frequency error. In the above polynomial function,  can be set to ±0.1ppm or ±0.2ppm depending on the carrier frequency as defined in [7]. The polynomial constant  are obviously different for different oscillators. For the purpose of the BS demodulation performance requirements, we can adopt the values shown in [5],  ≈ -0.3. We may also use x0 =26°C is the operation reference point temperature.
One more issue that needs to be addressed is the temperature gradient during the uplink transmission repetition period. 
In 3GPP RAN4#79nmeeting, RAN4 made the agreement that maximum uplink transmission repetition period without using the downlink reference signals for time and frequency synchronization is limited to 256ms, and the maximum  frequency drift about ±0.05ppm was used when deriving the maximum uplink transmission repetition period. Therefore, the temperature gradient can be derived based on the maximum uplink transmission repetition period, maximum frequency drift as well as the proposed error model with cubic polynomial function. With some mathematical calculation, it can be derived that the temperature gradient is around  0.00066°C/ms.
The final frequency error model proposed for BS demodulation performance requirements are as follows:
 (
Where  is the ideal frequency,  is the frequency error,  = ±0.1ppm for f > 1GHz, and ±0.2ppm for f  1GHz.  ppm/ms.
Summary
In this paper we discussed the NB-IoT UE frequency error model for BS demodulation performance requirements. It was proposed that:

Proposal 1: Introduce a UE frequency error model with a polynomial function for BS demodulation performance requirements.

Proposal 2: The UE frequency drift can be modeled as a linear function for BS demodulation performance requirements in the form of 

 (

Where  is the ideal frequency,  is the frequency error,  = ±0.1ppm for f > 1GHz, and ±0.2ppm for f  1GHz.   ppm/ms.
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