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[bookmark: _Ref447632562][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
An LS was received from RAN1 on uplink transmission gaps in NB-IoT [1]. RAN1 has discussed frequency drift of HD-FDD NB-IoT UE under a long continuous uplink transmission, considering that the UE may use a low cost oscillator.  RAN1 agreed to provide uplink compensation gaps for such a transmission in order to provide opportunities for the UE to correct its frequency offset using the downlink signals [2]. The LS contained the following question: 
RAN1 respectfully ask RAN4 the following:
· Assuming that a single set of values would be specified, please advice on one value for the maximum uplink transmission duration and one value for the gap length considering in-band operation under extreme coverage.

This tdoc is an updated version of [3] where extreme temperatures in the range of -30°C to +85°C have been taken into account.
Agreement in RAN1
In order to allow for NB-IoT UEs (which are HD-FDD in nature) to maintain frequency synchronisation with the network, in the RAN1 AdHoc2 in Sophia Antipolis, it was agreed to insert transmission gaps during long UL transmissions, as follows:
•       Introduce uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. 
–      During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization
–      Uplink transmission gap is defined by a period X and a gap length Y.  
•       A minimum period Xmin is defined in the specifications
•       FFS whether other periods X > Xmin are defined
•       Y > 0
•       All uplink transmissions of duration greater than or equal to X msec applies transmission gap with gap length Y and periodicity X until the uplink transmission completes
–      The values of the period X and gap length Y are:  
•       Alt-1: Defined in the specifications
Outline
This document considers the following aspects related to UL transmission gaps:
· Transmission period, X
· Transmission gap duration, Y 
Discussion
Frequency error 
In order to not impact the decoding performance of the eNodeB the frequency error in the UE UL should be kept within specification which is ±0.1ppm for legacy LTE [4]. In [5], it was agreed: Frequency error for NB-IoT should be specified as same as LTE for all coverage modes. Later this was discussed heavily.
Some of the mechanisms related to frequency error e.g. frequency synchronisation is rather related to an absolute frequency than a relative frequency error. Therefore the current specification of ±0.1ppm puts higher demand on lower frequencies.
Observation 1: The current specification of ±0.1ppm puts higher demand on lower frequencies.
[bookmark: _Ref447633571]The total frequency error during a continuous UL transmission is a combination of initial frequency tracking error and frequency drift during transmission. Initial frequency error is the error remaining after the synchronisation period. 
Transmission Gap Duration, Y
According to our estimate a residual RMS frequency error of 40Hz, independent on carrier frequency, could be obtained for a frequency synchronisation period 60ms. The assumed SNR is -12.6 dBm. The detailed analysis is found in [6].
Proposal 1: The UL transmission gap duration should be [60] ms.
Observation 2: The remaining frequency error is an absolute error independent on carrier frequency.
Transmission Period, X
The UL transmission period (X) should be short enough such that the UE can maintain its frequency error within specification, where there is an initial frequency error and a frequency drift during the transmission period. To determine the maximum UL transmission period, X, the drift of the output frequency of the UE’s crystal oscillator, measured in Hz / sec need to be estimated. The drift of output frequency depends significantly on the temperature change of the UE during transmission. In this document, this effect is the only considered. The temperature change is mainly due to self heating where the PA is the main heat generator.
For a low cost crystal oscillator, a typical oscillator frequency versus temperature characteristic is:

Where t = actual temperature
t0 = 30°C
a ≈ -0.3
b ≈ ±0.0005
c ≈ 0.0001
The derivative of the crystal oscillator characteristic gives the frequency drift versus temperature. Considering the full temperature range of -40°C to +85°C the temperature drift could be as large as ±0.7ppm/°C.
Considering a device with a weight of 0.5g and a heat capacity of 1J/K/g (~plastic and glass), for a dissipation power during transmit of 350mW:
1. Temperature gradient ≈ 0.7°C/s
1. Frequency drift f/f ≈ 0.5 ppm/s

Assuming a maximum allowed frequency drift of ±0.05ppm the time to reach the maximum frequency offset will be unpractical short (about 100ms).
Observation 3: Assuming the full temperature range the current specification of ±0.1ppm will give a transmission period which is unpractical short.
If the frequency error is specified in absolute value such as 300Hz the transmission period could be longer, 250ms for the currently defined bands.
Proposal 2: Maximum frequency error shall be [300] Hz in NB-IoT coverage extension mode. 
Proposal 3: The transmission period, X, should be less than [250] ms.
Conclusion
In this contribution we have considered aspects of UL transmission gaps for NB-IoT and make the following proposals.
Observation 1: The current specification of ±0.1ppm puts higher demand on lower frequencies.
Observation 2: The remaining frequency error is an absolute error independent on carrier frequency.
Observation 3: Assuming the full temperature range the current specification of ±0.1ppm will give a transmission period which is unpractical short.
Proposal 1: The UL transmission gap duration should be [60] ms.
Proposal 2: Maximum frequency error shall be [300] Hz in NB-IoT coverage extension mode. 
Proposal 3: The transmission period, X, should be less than [250] ms.
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