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1 Introduction

Rel-13 NB-IoT design assumes support of half-duplex FDD (HD-FDD) UEs that are not capable of simultaneous reception and transmission on DL and UL bands. A number of recent papers in 3GPP RAN4 have discussed the aspect of robustness of the uplink design of half-duplex UEs from the point of view of performance in deep coverage enhancement (CE) mode with a large number of UL repetitions. Specifically, it has been shown in [1], [2] that extended uplink operation leads to frequency errors, and this is exacerbated by variation in temperature: both in the environment around the UE as well as a consequence of the power amplifier heating over the period of continuous transmission.
RAN1 has discussed this topic and sent an LS to RAN4 with the following information and request [4]:

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.
A number of views were exchanged during RAN4 discussions in [5], [6], [7], [8].  In order to resolve this topic, this document provides a way forward and a set of simulation assumptions.  Companies are encouraged to provide input on this topic for the upcoming NB-IoT Adhoc meeting.
2 Way Forward
Proposal: RAN1 has requested RAN4 input on the three parameters defining the uplink compensation gap (UCG): gap threshold, gap period, and gap length.  Simulation results according to the assumptions provided in this paper are requested to quantify these parameters.
3 Simulation Assumptions

Gap period evaluation

Objective: to evaluate the maximum length of a continuous UL transmission (NB-PUSCH or NB-PRACH) that can be successfully demodulated by the eNodeB at the maximum coverage enhancement level without UE frequency or timing compensation

	Parameter
	Value

	Frequency offset modeling
	TBD (companies are encouraged to provide a description of the assumption they used)

	UL SNR
	[corresponding to the maximum MCL]

	Channel
	NB-PUSCH, NB-PRACH

	TBS, MCS, repetition level
	Companies are encouraged to provide a description of the assumptions they used

	Propagation conditions
	ETU-1Hz

	Number of eNB antennas
	2


Gap length evaluation

Objective: to evaluate the minimum length of a DL transmission of NB-RS that can allow the UE to estimate the frequency and timing offsets with the specified accuracy
	Parameter
	Value

	Carrier frequency
	2000 MHz

	Frequency error
	[0.1 ppm, …, 2.0 ppm] companies are encouraged to provide a description of the assumption they used

	Timing error
	[-2.5 us, 2.5 us]

	Target frequency accuracy
	[0.1 ppm] Other proposals for target frequency accuracy are not precluded

	Target timing accuracy
	[24 * Ts] Other proposals for target timing accuracy are not precluded

	Metric of merit
	RMS Frequency error

	DL SNR
	[corresponding to the maximum MCL]

	NB-RS configuration
	minimum available on valid subframes, SF# 0, 4, 9 when no NB-SSS

	NB-PSS/NB-SSS
	Use of synchronization signals is not precluded

	Propagation conditions
	ETU-1Hz

	Number of eNB antennas
	1

	Deployment mode
	In-band
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