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Introduction
In TSG RAN#77AH initial agreements for NB-IOT transmitter characteristic [1] were categorized as agreed items. One of the agreements was “Frequency error is specified to be [±0.1] PPM observed over a period of one time slot compared to the carrier frequency received from the NB-IOT BS”.
For ultra-low cost solution this requirement might be very challenging, particularly in extreme coverage (EC) mode where the transmission with high number of repetitions are expected. 
The contribution discusses the issues in NB-IoT device in order to meet the challenging requirements for frequency error of ±0.1 [ppm] and also the proposal to relax the requirements.
 
Discussion
Cost and low power consumption are very critical for IoT devices. Common solution for frequency synchronization is using Voltage Controlled Temperature Compensated Crystal Oscillator (VC-TCXO) .VC-TCXO is very expensive compared to common crystals (~4x). As ASTRI suggested for UE RF transceiver architecture [2], it’s very reasonable to use Digitally Controlled Oscillator (DCXO) for frequency synchronization in order to reduce cost (price/area). It is also possible to use XO as a source in the applications.   
It is agreed that NB-IOT UE only needs to support half duplex operation (HD-FDD) [3]. Due to the nature of the half duplex operation and during uplink data transmission, the NB-IoT device cannot track frequency changes based on the received signal to achieve high frequency estimation accuracy. In enhanced coverage scenario, the device can transmit for a long period of time (up to 2.048 seconds) without having a single receive opportunity, the concern is that in such scenario device can drift in frequency.
Observation 1: NB-IoT is expected to use low cost oscillator (e.g. DCXO or XO) to reduce the cost but expected to have more imperfections (mainly frequency stability over temperature).
The maximum predefined PUSCH repetition number for eMTC is 2048 [4]. We assume the max repetition for NB-IoT to be the same order. In this worst case enhanced coverage (EC) scenario, the eMTC device transmits PUSCH for ~2 [sec] without any synchronization from BS. Such condition sets a challenge for meeting frequency error of ±0.1 ppm.
[bookmark: OLE_LINK4]The results in Figure 1 show the frequency error variation (in ppm) versus temperature changes which is based on actual measurements from crystal vendor. We conclude that in order to meet 0.1 ppm accuracy requirement, oscillator temperature uncertainty should be smaller than 0.15°C during 2.048 sec transmission period, which is impractical for most low cost applications. 
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Observation 2: Large frequency offset can be introduced by the temperature variations, in order to meet original 0.1 ppm requirement, temperature uncertainty should be smaller than 0.15°C
Based on the aforementioned observations, we have the following proposals:
Proposal 1: Relax the frequency error requirements under extended coverage conditions, requirements such as 0.5 ppm within 1 sec seems to be achievable even for small modules with fast temperature changes. 
Proposal 2: RAN4 sends an LS to RAN1 to consider the potentially large frequency offset due to the temperature changes and identify the method to keep the residual frequency offset low during data transmission.
Conclusion
DCXO and XO is very attractive solution for UE transceiver in NB-IoT mainly to reduce the cost. We have obtained the following observations: 
Observation 1: NB-IoT is expected to use low cost oscillator (e.g. DCXO or XO) to reduce the cost but expected to have more imperfections (mainly frequency stability over temperature).
Observation 2: Large frequency offset can be introduced by the temperature variations, in order to meet original 0.1ppm requirement, temperature uncertainty should be smaller than 0.15°C
Hence, the following proposals:
Proposal 1: Relax the frequency error requirements under extended coverage conditions, requirements such as 0.5 ppm within 1 sec seems to be achievable even for small modules with fast temperature changes. 
Proposal 2: RAN4 sends an LS to RAN1 to consider the potentially large frequency offset due to the temperature changes and identify the method to keep the residual frequency offset low during data transmission.
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