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1. Introduction
RAN4 has received an LS regarding need for transmission gaps for uplink.This paper discusses aspects for transmission gap to align UE reference frequency.
2. Discussion

The identified problem is that if UE needs to send long contiguous transmission burst, it would not be able to receive DL signal to correct reference oscillator frequency drift and TX frequency would violate the frequency error requirement and therefore causing ICI at the base station.
Frequency error for NB-IoT was agreed in RAN4#78 as [0.1] ppm in brackets [2]. This was inherited from LTE. For LTE, the DL is always (FDD) or very frequently (TDD) available for UE to refresh the frequency synchronization with the BS DL signal. For NB-IoT, the situation is slightly different because of introduced half duplex design and long repetitions.

This issue was discussed in RAN4#78 [3]. One proposal was to specify 0.1 ppm for duration of 200 msec and 0.5 ppm for duration of 3.3 sec but there was no agreement.
2.1. Temperature compensated reference oscillator

Frequency drift typically is caused by temperature or battery voltage changes in the UE. 
Voltage compensation is sufficiently trivial issue and since the transmissions are relatively short (~seconds) compared to the expected battery lifetime (~months) the voltage changes are not primary cause for frequency drift.

Long UL repetitions provoke large temperature changes since those are expected to be used in enhanced coverage modes when also the output power is expected to be high. One option mentioned also in [4] to slightly more expensive internally compensated VCTCXO to provide stable and accurate clock or then use integrated temperature compensation methods along with the less expensive XO. Nevertheless how temperature compensation is done, it also has limits to its accuracy.
2.2. Measurement gaps

An other proposal, in LS, is to introduce measurement gaps in between long transmission bursts. UE could then measure DL frequency and re-align the reference oscillator. This would then mean that there would a maximum time what UE will transmit continuously which is less than the maximum time for (UL TBS) x (repetitions). Drawback of this is lost system performance due to the additional gaps in UL repetitions.
The lost system performance may be significant since long repetitions are expected to be used in enhanced coverage mode where signal SNR is low. In order for UE to be able to reliably synchronize the reference frequency, the measurement gap must be at least as long as it is for UE to measure RSRP in enhanced coverage. Preliminary results show that it may be very long, 20, 40 or even up to 80 radio frames (20, 40 or 80 ms) for succesfull RSRP measurement [4]. These results were obtained with a 50 Hz frequency error which only represents 0.023 ppm frequency error. If the system requirement is kept at 0.1 ppm and the proposal from [3] of 200 ms is considered, there will be 80 / 200 = 40 % performance loss in UL with measurement gaps. 

2.3. Frequency error requirement
Considering potentially severe impact of the measurement gaps to the system, RAN4 should carefully study what is the maximum time UE can maintain frequency accuracy and study what is the needed frequency accuracy. From system point of view, it would be better solution to relax frequency error requirement slightly and not specify measurement gaps at all or as long contiguous transmission as possible i.e as few gaps as possible. Correct frequency accuracy requirement should be agreed based on base station demodulation capability. 
3. Conclusion

We discussed the impact of long transmission bursts to the UE capability to maintain frequency accuracy. We provided two solutions to maintain frequency accuracy and discussed the impact of introducing measurement gaps to the system performance. We also discussed that RAN4 should avoid defining frequent measurement gaps and study and define relaxed frequency accuracy requirement based on base station demodulation capability.  
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