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1 Introduction
In previous meeting, one LS from RAN1 informed and requested that [1],
RAN1 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.  RAN1 respectfully asks RAN4 the following:

· Assuming that a single set of values would be specified, please advise on one value for the maximum uplink transmission duration and one value for the gap length considering in-band operation under extreme coverage.
In this contribution, we give analysis and simulation results for maximum uplink transmission duration and gap length evaluation and propose suggestion on the two values respectively.
2 Discussion

In this contribution, uplink compensation gaps is assumed that appear in extreme coverage which required longer transmission duration, single-tone transmission is investigated for the uplink. Simulation results are provided under worst case SNR corresponding to MCL164 dB, detail assumptions are summarized in Annex.
2.1 Gap length
So-called uplink compensation gaps provides the opportunities for NB-IoT half-FDD UE to correct its frequency offset using the downlink signals, thus gap length depends on the time of re-sync with the network in the downlink. For single carrier NB-IoT deployment, the UE definitely need to re-tune back to the unique downlink carrier where NPSSS/NSSS, NB-RS and NPBCH are transmitting. For Multi-carrier NB-IoT deployment, since UE has stopped the uplink transmission by starting to receive downlink signal within the gap, any downlink PRB could be re-tuned for re-sync, it should be reasonable that UE can perform re-tuning to downlink anchor carrier where NPSSS/NSSS, NB-RS and NPBCH are transmitting at the same cost compared re-tuning to other downlink carriers. Thus, all of the known downlink signals in the anchor PRB could be used for NB-IoT UE to re-sync to the network.
The simulation result for downlink re-sync is summarized in Figure 1 and Table 1 with different gap length candidates,
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Figure 1 Simulation result of gap length evaluation
Table 1 Summary of gap length evaluation
	Gap length (ms)
	24
	32
	40

	RMS of residual frequency offset (Hz)
	68.2
	40.8
	23.6


It can be seen that with gap length of 32 ms the RMS of residual frequency offset can be reduced to less than 50 Hz, which is the target range of frequency error used in RAN1’s evaluation [2]. Furthermore, considering the uplink resource unit length is 8 ms (for 15 kHz subcarrier spacing) or 32 ms (for 3.75 kHz subcarrier spacing), it is preferable to set the gap length as an integral multiple of 32 ms. So it is proposed to set gap length as 32ms.

Proposal 1: The gap length is 32 ms.
2.2 Maximum uplink transmission duration
The maximum uplink transmission duration should not be set too long such that the uplink receiver performance is significantly degraded due to frequency drift. On the other hand, if it is set too short, there will be an obviously adverse impact to the uplink data rate. The selection of the value should strike a good balance between these two factors.

The uplink receiver performance is shown in Figure 2 and Figure 3, and the loss of data rate due to the gap length is summarized in Table 2, assuming gap length of 32 ms. 
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Figure 2 Performance of UL transmission gaps, 15 kHz subcarrier spacing
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Figure 3 Performance of UL transmission gaps, 3.75 kHz subcarrier spacing
Table 2: Loss of uplink data rate

	
	maximum uplink transmission duration  (ms)

	
	256
	320
	512

	Loss of data rate 
(maximum uplink transmission duration/(maximum uplink transmission duration +gap length))
	11.1%
	9.1%
	5.9%


It can be seen that the maximum uplink transmission duration of 512 ms can achieve an acceptable uplink receiver performance degradation and loss of data rate. It is thus proposed to set the maximum uplink transmission duration as 512 ms.
It is thus proposed to set the maximum uplink transmission duration as 512 ms.

Proposal 2: The maximum uplink transmission duration is 512 ms.

3 Conclusion

In this contribution, we give analysis and simulation for uplink compensation gap evaluation. Proposals are summarized as follows, 
Proposal 1: The gap length is 32 ms.
Proposal 2: The maximum uplink transmission duration is 512 ms.
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Annex

Table 3: Uplink Simulation assumptions
	Metric
	Value(s)

	Channel Model
	ETU1

	Carrier Frequency
	2 GHz

	Antenna
	1T2R

	Tone Number
	Single tone

	Sampling Rate
	1.92 MHz

	Subcarrier Spacing
	15kHz/ 3.75kHz

	MCL
	164dB 
(SNR= -5.7dB for 3.75kHz)
(SNR= -11.7dB for 15kHz)

	Initial Frequency Offset
	0.025 PPM

	Frequency Drift Rate
	0.15 PPM/Second

	Sampling Frequency Offset
	Off

	Timing error
	Uniform distribution with [-CP/2,CP/2]

	MCS/Repetition/TBS
	15k: MCS0 / 32 / 88bit
3.75k: MCS0 / 8 / 88bit

	Frequency Tracking
	On

	Interference Modeling
	Off


Table 4: Downlink Simulation assumptions

	Metric
	Value(s)

	Channel Model
	ETU1

	Carrier Frequency
	2 GHz

	Antenna
	1T1R

	Sampling Rate
	1.92 MHz in TX

240kHz in RX

	Reference Signal
	NPSS/NSSS
NB-RS
NPBCH

	MCL
	164dB (SNR=-12.6dB)

	Initial Frequency Offset
	0.1 PPM

	Sampling Frequency Offset
	Off

	Timing error
	Uniform distribution with [-CP/2,CP/2]
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