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1		Introduction 
In RAN4#78-NB-IoT, it was agreed in the WF[1] that the NB-IoT UE initial transmission timing error limit Te for 180KHz downlink bandwidth is to be relaxed to 80*TS – k*Ts where ‘k’ is TBD. 
This papers discusses the value of ‘k’ and provides a proposal for the same.
2	UE Initial Transmit Timing Error Requirement
[bookmark: _GoBack]The initial proposal of 80Ts was to ensure timing error is within half a CP duration (the effective CP length is either 1.125 samples or 1.25 samples depending on symbol number in the sub frame). So the timing error limit is proposed to be 0.56 samples @240KHz sampling rate which is equivalent to 2.6us or 80*TS. This is a factor of 3.33 increase with respect to the requirement for 1.4MHz downlink bandwidth.
Discussion in the last meeting was that we need to consider performance degradation from ISI in the uplink due to multipath. But this requirement applies only when it is the first transmission in a DRX or it is the PRACH transmission, UE is expected to wake up early to track timing. Since power consumption is critical for NB-IoT UE, we don’t expect to wake up the UE too early either and thus the initial timing error should to relaxed as much as possible at the expense of some ISI initially before the time tracking loop converges. Also, based on our understanding, the equation used for initial timing error for 1.4MHz is 16*Ts + 2048/FFTsize * 0.5 * Ts which also equates to 80Ts requirement for 180KHz downlink bandwidth. Thus we propose k=0 in normal coverage mode. 
In extended coverage, the initial timing error needs further analysis since there is dependency on timing drift rate, DRX cycle length, and time tracking convergence at very low SNRs and thus the requirement may need to be more than 80Ts. So the requirement should be kept TBD in extended coverage. 
Below are simulation results showing residual timing error and the convergence rate of time tracking loop at various SNRs.
Observation 1: In extended coverage at SNR=-15dB, time tracking loop takes approximately 250ms to bring the residual timing error under 2.6us or 80Ts.

This means that the UE has to wake up much earlier to start its time tracking loop which can drain UE battery which has to be managed carefully for NB-IoT UEs which have to last for 10 years. Instead, it may be better to allow the UE to start with a larger timing offset in extended coverage. 
Proposal 1: The NB-IoT UE initial transmission timing error limit Te for 180KHz downlink bandwidth is to be set to 80*TS (i.e. k=0) in normal coverage(SNR>-6dB).
Proposal 2: The NB-IoT UE initial transmission timing error limit Te for 180KHz downlink bandwidth should be determined after further study on UE’s timing tracking performance is performed.
3	Conclusion
This paper has made the following observation and proposal on UL Tx timing requirements for NB-IOT:
Observation 1: In extended coverage at SNR=-15dB, time tracking loop takes approximately 250ms to bring the residual timing error under 2.6us or 80Ts.

Proposal 1: The NB-IoT UE initial transmission timing error limit Te for 180KHz downlink bandwidth is to be set to 80*TS (i.e. k=0) in normal coverage(SNR>-6dB).
Proposal 2: The NB-IoT UE initial transmission timing error limit Te for 180KHz downlink bandwidth should be determined after further study on UE’s timing tracking performance is performed.
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5	Appendix: Time Tracking Simulation Results
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Figure 1 Residual Timing Error @ SNR=-15dB
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Figure 2 Residual Timing Error @ SNR=-10dB
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Figure 3 Residual Timing Error @ SNR=-6dB
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Figure 4 Residual Timing Error @ SNR=-3dB
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Figure 5 Residual Timing Error @ SNR=0dB
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Figure 6 Residual Timing Error @ SNR=5dB
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Figure 7 Residual Timing Error @ SNR=10dB
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