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1 Introduction
Frequency offset estimation and compensation plays an important role in a UE in order to correctly demodulate the downlink received signals from eNB. Based on the discussions in RAN1#80b meeting, the frequency error assumptions for MTC device in normal and coverage enhancement (CE) is up to 100 Hz [1].

In this contribution, we provide tracking of frequency offset considerations for MTC device based on the approved Rel-13 low complexity and coverage enhanced UEs WID [2]. Although frequency offset estimation is an implementation specific issue, the observations that are made in the document are understood to be generally applicable across a range of implementations.
2 Discussion
2.1 UE Frequency Offset Estimation
User Equipment (UE) is required to estimate and compensate frequency offset between the carrier frequency of eNB and UE. In the LTE downlink, synchronization signals (PSS and SSS), cyclic prefix (CP) and cell-specific reference signals (CRS) from eNB are commonly used to assist frequency offset estimation at the UE.

The frequency offset (FO) can be divided into two parts, namely, fractional frequency offset (FFO) and integer frequency offset (IFO). In order to estimate the frequency offset, a UE needs to perform the following processes [3]:

1. FFO estimation.

FFO is the frequency offset with the range of (-0.5, 0.5) normalized to the sub-carrier spacing. FFO is very important as it can cause inter-carrier interference (ICI) and thus, destroy the sub-carriers’ orthogonality. This should be estimated and compensated first, and typically, it is performed in the time domain before FFT operation, for example, using cyclic prefix (CP) correlation.
2. IFO estimation. 

IFO is the frequency offset with the range of (-31,31) normalized to the sub-carrier spacing. It is commonly estimated using LTE synchronization signals (PSS and SSS) [4].

3. Tracking FO (TFO) estimation.

Tracking FO is the remaining frequency offset that must be estimated and compensated prior to the demodulation stage. The frequency offset range is smaller than the FFO range as mentioned above. TFO estimation is typically performed in the frequency domain based on the received CRS signals. 

In the next section, we will only discuss tracking of frequency offset as TFO is the last frequency offset estimation stage prior to the demodulation stage.

2.2 Tracking of Frequency Offset
TFO relies on the received CRS signals from the eNB and one of the estimation procedures can be found in [3]. The estimation range is quite limited and it is defined as:
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….(Eqn.1)

Where 
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is the FFT size, 
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 is the OFDM symbols distance between two CRS for correlation, and 
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is the CP length in samples. The range in Eqn. 1 is normalized to the sub-carrier spacing (unitless).

In case of normal CP, an LTE system bandwidth of 1.4 MHz and using the CRS in different slots (sym #0, #7), the estimation range is (-0.067, 0.067) or (-1 kHz, 1kHz) assuming 15 kHz sub-carrier spacing. The frequency error from the previous process should be within this range. The range can be extended by shortening the CRS distance (e.g. sym #0, #4), however, an interpolation is required as the CRS is not placed in the same sub-carrier.
Based on the derivation as described in [3], the theoretical mean square error (MSE) of TFO in an AWGN channel and for the ideal case (no imperfections) is as follows:
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….(Eqn.2)
where 
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is the total number of CRS in one slot and 
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is the post FFT SNR.

Using Eqn.2, the MSE of tracking frequency offset (TFO) for various LTE bandwidths in SISO and MISO (2x1) AWGN cases are shown in Figure 1. MTC bandwidth is 1.4 MHz (6RB). The frequency tracking errors in this figure are applicable for the MTC case.
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Figure 1: Frequency error MSE versus SNR (dB) for various LTE BW
The results presented in terms of root mean square error (rms) and in units of Hertz for various LTE bandwidths MISO 2x1 antenna configuration are shown in Figure 2.
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Figure 2: Frequency error rms in Hz versus SNR (dB) for various LTE BW
Based on the above results, we can summarize the following observations:
Observation 1: The smaller bandwidth configuration introduces higher frequency error due to limited number of CRS for frequency offset estimation.

Observation 2: The frequency error is a function of SNR. Lower SNRs lead to higher frequency offsets.
Observation 3: An MTC device in operating at a high level of coverage enhancement (SNR=-14.3 dB) has an RMS frequency offset of 240 Hz in 2x1 antenna configuration and AWGN case. Therefore, the current assumption of a maximum frequency offset of 100 Hz at any SNR, is too optimistic.

Note, the above results assume ideal conditions and an AWGN channel. In practice, several factors, such as RF imperfections, non ideal time synchronization, multipath fading etc., must be taken into account, leading to higher frequency errors. 

The rms frequency error in Hz for the MTC case (LTE 1.4 MHz) as shown in Figure 2 can be approximated using the following equation:
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….(Eqn.3)
Proposal 1: The MTC evaluation simulation effort that considers residual frequency error should model the degradation of frequency tracking with SNR. An appropriate residual frequency error (Hz) model is: 
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3 Conclusion

This contribution considered the tracking frequency error for MTC device and we have found the following observations and make one proposal:
Observation 1: The smaller bandwidth configuration introduces higher frequency error due to limited number of CRS for frequency offset estimation.

Observation 2: The frequency error is a function of SNR. Lower SNRs lead to higher frequency offsets.

Observation 3: An MTC device in operating at a high level of coverage enhancement (SNR=-14.3 dB) has an RMS frequency offset of 240 Hz in 2x1 antenna configuration and AWGN case. Therefore, the current assumption of a maximum frequency offset of 100 Hz at any SNR, is too optimistic.

Proposal 1: The MTC evaluation simulation effort that considers residual frequency error should model the degradation of frequency tracking with SNR. An appropriate residual frequency error (Hz) model is: 
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