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Introduction
1. NB-IoT is expected to use low cost oscillator (e.g. DCXO or XO) to reduce the cost, however, such components are expected to have more imperfections (mainly frequency stability over temperature) [1].
2. RAN1 has indicated that NB-IoT would support 300 bps or more in the case of extreme coverage enhancement (20 dB coverage enhancement) [2]. In the GERAN study, the mobile autonomous reporting (MAR) application has a packet size of up to 200 bytes [3]. The application layer packet of 200 bytes can be segmented into smaller packets. If we assume a maximum TBS of 1000 bits, as per proposals in RAN1, in the UL and 300 bps data rate then it will take around 3.3 second to transmit each transport block.
3. Such a condition sets a challenge for meeting frequency error of ±0.1 ppm.
4. Large frequency error can be introduced by the temperature change caused by e.g. power amplifier self-heating during long continuous transmission. For example: an increase of 1° C can introduce frequency error in the range of 0.7 ppm (560 Hz at 800 MHz carrier frequency or 1400Hz at 2 GHz carrier frequency) without temperature compensation. 
5. Frequency error in the range ± 0.5ppm for duration of 3.3 second could be reasonable in a low cost design albeit temperature compensation.  
6. Based on the above and assuming a temperature gradient of 1°C/s the frequency error could be kept within ± 0.1ppm for 200ms.
Way Forward
RAN4 to send an LS to RAN1 with the following action:
[bookmark: _GoBack]In light of the above observations, RAN WG4 respectfully asks RAN WG1 to take the potential issue of high frequency offset due to long transmitter sequences, caused by the operation in coverage enhancement scenario (low SNR) and the temperature variation, into account.
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1. Description:
RAN WG4 has discussed the frequency error in NB-IoT and has made the following observations:
1. NB-IoT is expected to use low cost oscillator (e.g. DCXO or XO) to reduce the cost, however, such components are expected to have more imperfections (mainly frequency stability over temperature) [1].
2. RAN1 has indicated that NB-IoT would support 300 bps or more in the case of extreme coverage enhancement (20 dB coverage enhancement) [2]. In the GERAN study, the mobile autonomous reporting (MAR) application has a packet size of up to 200 bytes [3]. The application layer packet of 200 bytes can be segmented into smaller packets. If we assume a maximum TBS of 1000 bits, as per proposals in RAN1, in the UL and 300 bps data rate then it will take around 3.3 second to transmit each transport block.
3. Such a condition sets a challenge for meeting frequency error of ±0.1 ppm.
4. Large frequency error can be introduced by the temperature change caused by e.g. power amplifier self-heating during long continuous transmission. For example: an increase of 1° C can introduce frequency error in the range of 0.7 ppm (560 Hz at 800 MHz carrier frequency or 1400Hz at 2 GHz carrier frequency) without temperature compensation. 
5. Frequency error in the range ± 0.5ppm for duration of 3.3 second could be reasonable in a low cost design albeit temperature compensation.  
6. Based on the above and assuming a temperature gradient of 1°C/s the frequency error could be kept within ± 0.1ppm for 200ms.
Based on these observations, RAN WG4 respectfully asks RAN WG1 to guide how to solve the potential issue of high frequency offset due to long sequences of NB-PUSCH.
2. Actions:
To RAN WG1: In light of the above observations, RAN WG4 respectfully asks RAN WG1 to take the potential issue of high frequency offset due to long transmitter sequences, caused by the operation in coverage enhancement scenario (low SNR) and the temperature variation, into account.
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