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1		Introduction 
In RAN4#78bis, the following aspects were captured in the WF:
Following are the working assumptions:
· Onset of a new UL repetition period shall be considered to be an initial transmission
· UE autonomous UL timing updates are not allowed during UL repetition periods
RAN4 agreed to investigate:
· feasibility of the working assumptions above
· time needed to detect a change in downlink timing given the use of DL repetitions
· feasibility of specifying timing error requirements based on a 1.92MHz timing resolution, although the UE implementation may use a lower sample rate
· whether relaxations compared to timing error requirements for legacy UE in 1.4MHz cell are needed
Other analyses relating to UL timing error are not precluded. This papers discusses these aspects and makes proposals for the same.
2	UL Transmit Timing Requirements
2.1	UE Initial Tx Timing Error


As per LTE requirement[1], the UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in table below. This requirement applies when it is the first transmission in a DRX or eDRX_CONN cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus . The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0.  (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in clause 7.3 of [1] was applied. NTA_Ref for other channels is not changed until next timing advance is received.
Table 1  Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211



Since the NB-IoT UE could potentially be operating at a sampling rate of 240KHz on the downlink, requirements should ensure that performance (limitations) of such UEs are considered i.e. significantly lower timing resolution for such UEs. The following proposal is to ensure timing error is within half a CP length (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.
	Downlink Bandwidth (MHz)
	Te_

	0.18
	80*TS

	Note: TS is the basic timing unit defined in TS 36.211



Proposal 1: The NB-IoT UE initial transmission timing error limit Te for 240KHz downlink bandwidth is to be relaxed to 2.6us or 80*TS.
2.2	Initial Transmission
Regarding the first working assumption in WF, RAN4 can agree that onset of a new UL repetition period shall be considered to be an initial transmission.
Proposal 2: RAN4 can agree that onset of a new UL repetition period shall be considered to be an initial transmission
2.3	UE Uplink timing updates
Regarding the second working assumption in WF on allowing autonomous UL timing updates for NB-IoT, it should be allowed for the UE to autonomously compensate for frequency and timing drift due to temperature variation at pre-defined intervals when transmitting for a prolonged duration. Frequency and timing correction should be allowed only after ‘k’ UL repetitions and only at subframe boundary. The value of ‘k’ is to be detrmined based on UL gap simulation and analysis which is being discussed separately under a different agenda item.
Another reason for timing update at the UE is the timing advance which is initiated from E-UTRAN with MAC message that implies an adjustment of the timing advance. As per LTE requirement [1], UE shall adjust the timing of its uplink transmission timing at sub-frame n+6 for a timing advance command received in sub-frame n. Also, the UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command is expressed in multiples of 16* TS and is relative to the current uplink timing.
For NB-IoT, UE is expected to repeat UL transmissions in consecutive subframes based on a configured repetition level. eNB soft combines these repetitions and assumes that the UE timing has not changed during the repetitions. Since adjusting the timing in the middle of UL repetitions will cause the soft combining to be erroneous, UE shall adjust the timing of its uplink transmission at the end of contiguous UL repetitions, i.e. either at the end of a UL gap for frequency error correction or at the end of all UL repetitions, for a timing advance command received in sub-frame n. 
Proposal 3: The NB-IoT UE shall adjust the timing of its uplink transmission at the end of contiguous UL repetitions, i.e. either at the end of a UL gap for frequency error correction or at the end of all UL repetitions, for a timing advance command received in sub-frame n.
Also, since the NB-IoT UE could be operating at a lower sampling rate of 240KHz and thus have reduced time resolution, the UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to 3.33 times the existing requirement (±4* TS) i.e. ±13.33* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. The factor of 3.33 is proposed since the timing error relaxation being proposed in section 2.1 (Proposal 1) is also by the same factor.
Proposal 4: The NB-IoT UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±13.33* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission.
As per LTE requirement [1], all adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.
2)	The minimum aggregate adjustment rate shall be 7*TS per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200ms.
where the maximum autonomous time adjustment step Tq is specified in Table 2.
Table 2: Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	10
	3.5*TS

	Note: TS is the basic timing unit defined in TS 36.211



Since the NB-IoT UE could be operating at a lower sampling rate of 240KHz and thus have reduced time resolution, the maximum autonomous time adjustment step Tq shall be better than or equal to 3.33 times the existing requirement of 17.5* TS for 1.4MHz downlink bandwidth i.e. the requirement shall be 58.33* TS seconds. The factor of 3.33 is proposed since the timing error relaxation being proposed in section 2.1 (Proposal 1) is also by the same factor. 
	Downlink Bandwidth (MHz)
	Tq_

	0.18
	58.33*TS

	Note: TS is the basic timing unit defined in TS 36.211



Proposal 5: The maximum autonomous time adjustment step Tq for NB-IoT UE shall be 58.33* TS seconds.
Similarly the minimum aggregate adjustment rate shall be 3.33 times the existing requirement of 7*TS per second i.e. 23.33*TS per second.
Proposal 6: The minimum aggregate adjustment rate shall be 23.33*TS per second.
3	Conclusions
This paper has made the following proposals on UL Tx timing requirements for NB-IOT:
Proposal 1: The NB-IoT UE initial transmission timing error limit Te for 240KHz downlink bandwidth is to be relaxed to 2.6us or 80*TS.
Proposal 2: RAN4 can agree that onset of a new UL repetition period shall be considered to be an initial transmission
Proposal 3: The NB-IoT UE shall adjust the timing of its uplink transmission at the end of contiguous UL repetitions, i.e. either at the end of a UL gap for frequency error correction or at the end of all UL repetitions, for a timing advance command received in sub-frame n.
Proposal 4: The NB-IoT UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±13.33* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission.
Proposal 5: The maximum autonomous time adjustment step Tq for NB-IoT UE shall be 58.33* TS seconds.
Proposal 6: The minimum aggregate adjustment rate shall be 23.33*TS per second.
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