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1 Introduction
In RAN1 #82b, several agreements were captured, including [1]:
· Confirm working assumption of PBCH repetition for enhanced frequency tracking.

· A UE can drop transmitting PUSCH/PUCCH in subframes unavailable due to UE-specific configuration or behavior such as a measurement gap

· FFS whether to introduce measurement gap
There is also an LS from RAN4 to RAN1 on measurement gap based intra-frequency cell detection for narrow band operation of LC UE [2]. It indicates the measurement gaps is needed for the intra-frequency eMTC operation.
In this contribution, we discuss that eMTC UE needs measurement gaps for frequency offset tracking purpose.
2 Discussion

2.1 MTC with narrowband 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 eMTC has narrowband concept and the frequency hopping operation. The frequency hopping operation makes the UE can switch to other narrowband within the eNode-B full bandwidth from time to time. Thus, once the UE switches to other than central narrowband, the UE cannot receive PSS/SSS and also PBCH.

Moreover, eMTC UE can only receive the signals with narrow bandwidth (6 PRBs / 1.4 MHz). Thus, it cannot receive all CRS transmitted by eNode-B in the full bandwidth.

Observation 1: Unlike legacy LTE UE, eMTC UE with narrowband operation has limited capability to simultaneously receive multiple signals/channels within certain periods of time (e.g. one sub-frame) and bandwidth (max 1.4 MHz).

2.2 Tracking of Frequency Offset
UE is required to estimate and compensate frequency offset between the carrier frequency of eNode-B and UE. In the LTE downlink, PSS/SSS, cyclic prefix (CP) and CRS from eNode-B are commonly used to assist frequency offset estimation at the UE. Once the frequency offset has been estimated and compensated, the UE still needs to continuously track the frequency offset in order to avoid performance degradation.

The UE must continuously 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 ±40 KHz for 2 GHz 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) 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, it is even more challenging to avoid high temperature variation in an MTC.

2. Channel variations & Doppler Shift

The wireless channel between base-station and the mobile device varies over time and frequency. Moreover, the MTC UE also introduces a Doppler shift depending on the device velocity.

3. Others

It covers, oscillator aging and oscillator phase noise.

Observation 2: The eMTC UE must track the frequency offset. Even in the stationary mode (e.g small Doppler shift), the eMTC device needs to track the frequency offset mainly due to the device temperature variation.

Legacy LTE UE typically uses CRS signal for frequency offset tracking purpose. In our previous contribution [3], we have shown the frequency offset performance is quite poor due to limited number of CRS in narrowband operation. In [4], it was proposed to arrange repeated PBCH resource allocation so that it can be used for frequency offset tracking purpose. Combining both CRS and PBCH for frequency offset tracking can significantly improve the frequency offset estimation.

Observation 3: Frequency offset estimation using CRS results in poor performance in narrowband operation. Using PBCH only or combined with CRS can significantly improve the accuracy.
PBCH is only located in the central narrowband, thus once the eMTC UE switches to the central narrowband and receives PBCH, the eMTC UE is unable to receive other signals/channels. It could be worse if the eNode-B allocates certain signals/channels at a specific narrowband (e.g. M-PDCCH) while the UE has already switched to the central narrowband.

We consider the MTC rel.13 has measurement gaps functionality so that both eNode-B and eMTC UE are aware of this timing for frequency offset tracking purpose. During measurement gap length, the eMTC UE can switch to the central narrowband and receiving PBCH. We consider a reliable frequency offset tracking can be performed with a proper measurement gaps configuration.

Proposal 1: Introduce periodic measurement gaps for eMTC that can be used for enhanced frequency offset tracking. During measurement gap, eMTC can switch to the central narrowband (e.g receiving PBCH).
In order to simplify the design of measurement gaps, it is sufficient to re-use the existing measurement gaps configuration as defined in [5]. This measurement gap is originally for Inter-frequency and inter-RAT measurement for legacy UE. But, it can also be used for eMTC intra-frequency measurement [2] and frequency tracking purpose.
The measurement gap length is 6 ms and and the gaps can occurs every 40 ms or 80 ms [5]. Considering the measurement gaps is for intra-frequency, we propose the gap length should include eMTC PBCH transmission that is at least available in SF#0.

Proposal 2: Re-use the measurement gaps configuration as defined in TS36.133 section 8.1.2.1 that can be used for frequency tracking and the measurement gap is starting from SF#0.
3 Conclusion

In this contribution, we discussed our views on the need of eMTC measurement gap for frequency tracking. We have observed the following items:
Observation 1: Unlike legacy LTE UE, eMTC UE with narrowband operation has limited capability to simultaneously receive multiple signals/channels within certain periods of time (e.g. one sub-frame) and bandwidth (max 1.4 MHz).

Observation 2: The eMTC UE must track the frequency offset. Even in the stationary mode (e.g small Doppler shift), the eMTC 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 in narrowband operation. Using PBCH only or combined with CRS can significantly improve the accuracy.
Hence, the following proposals:

Proposal 1: Introduce periodic measurement gaps for eMTC that can be used for frequency offset tracking. During measurement gap, eMTC can switch to the central narrowband (e.g receiving PBCH).
Proposal 2: Re-use the measurement gaps configuration as defined in TS36.133 section 8.1.2.1 that can be used for frequency tracking and the measurement gap is starting from SF#0.

References
[1] RAN182b, “Chairman notes”
[2] R1-156553, “LS on measurement gap based intra-frequency cell detection for narrow band operation of LC UE”

[3] R1-153085, “Tracking of Frequency Offset for MTC”, Sony.

[4] R1-153851, “PBCH Repetition for MTC”, Qualcomm.
[5] TS 36.133
