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1
Introduction
In RAN4#78bis meeting in San Jose del Cabo RAN4 discussed NB-IoT including RRM requirements for UE uplink transmit timing in NB-IoT. A WF was agreed in [3] in the meeting including 2 working assumption for discussion:
1. Onset of a new UL repetition period shall be considered to be an initial transmission.
2. UE autonomous UL timing updates are not allowed during UL repetition periods.
Additionally it was agreed to further discuss: 

· Analyses on the feasibility of the working assumptions (1-2).
· Analyses on the time needed to detect a change in downlink timing given the use of DL repetitions.
· Analyses on feasibility of specifying timing error requirements based on a 1.92MHz timing resolution, although the UE implementation may use a lower sample rate.
· Analyses on whether relaxations compared to timing error requirements for legacy UE in 1.4MHz cell are needed.
While other analyses relating to UL timing error are not precluded.

In this paper, we discuss the topics above based on the expected measurement accuracy performance.

2
Discussion
The background for the discussion was given in [4] and relates to the fact that UE autonomous TA adjustments would affect the eNB decoding performance if such TA adjustment was made by UE during repetitions of UL transmissions.
In order to facilitate the discussion it would be best to get a common understanding about the working assumptions and the meaning of UL repetitions. 
RAN1 has agreed introducing UL transmission gaps for those situations where the UE has long continuous uplink transmissions. Purpose of such UL transmissions gaps would be to allow UE to measure DL in order to be able track frequency and timing drift, perform DL measurements for UL power control and evaluate possible need for autonomous TA adjustment. RAN1 has LS to RAN4 asking about the gap pattern details [6].
In last meeting, it was understood that a transmissions after an UL transmission gap was also to be considered as an initial transmission.

Proposal 1: A transmissions after an UL transmission gap is to be considered as an initial transmission.
It should also be discussed whether the UL transmission gap length and/or gap patterns allows UE to perform accurate enough DL measurements in order to do UL power control. In this situation worst case scenario most likely would be in-band.
Proposal 2: RAN4 should evaluate if the UL transmission gap pattern allows accurate enough DL measurements to perform necessary UL power control.
It should be discussed whether the UL transmission gap length and/or gap patterns allows UE to perform accurate enough DL measurements to perform accurate time tracking.
Proposal 3: RAN4 should evaluate if the UL transmission gap pattern are sufficient to perform accurate enough time tracking.
It needs to be kept in mind, that when discussing above proposals that NB-IoT is also targeting low cost devices with low cost oscillator.

Based on above we prefer to keep requirements close to those of LTE especially due to in-band deployment scenario where NB-IoT devices with inaccurate UL tracking might cause unwanted interference to other LTE UL transmissions in nearby UL REs. It is of course necessary to get vendor input on this in order to ensure that such requirements are also feasible in real implementation.
Proposal 4: NB-IoT UE UL transmit timing requirements should be similar to LTE requirements.

The requirements should not distinguish between deployment scenarios, as it is unknown for the UE in which scenario it in the end has to operate.

· For LTE, requirements for TA command are also defined, covering the delay and accuracy. In RAN1 meeting #84 following agreements related to UL timing advance delay was made [5];Timing advance
· The adjustment of the uplink transmission timing is applied from the start of the first NPUSCH transmission which starts at least 12ms after the end of the corresponding timing advance command transmission.
Hence the UE is required to apply TA command received at sub-frame n to transmission starting 12ms later in UL. In case of 15kHz this would correspond to sub-frame n+12 (if no overlap) and for 3.75kHz this would be NB-slot+6 (if no overlap). The TA step size is 16*Ts as for LTE. The baseline assumption for NB-IoT device is HDD and RAN1 has made following agreements related to UE behavior:

· Monitoring

· An NB-IoT UE that has received a grant from an NB-PDCCH is not required to monitor NB-PDCCH for any further DL or UL grant during the time period between the end of the NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission

From this perspective it would appear that the only scenario where UE can be verified to meet the UL timing advance minimum delay, would apply the ACK transmission for the MAC TA command which should also occur in minimum 12ms after the end of the corresponding NB-PDSCH. Of course the reference timing for sub-sequent transmission would be then referred to the valid timing advancement. As the UE cannot apply any timing adjustments during contiguous the UL transmission it would seem feasible to consider that accuracy requirements for TA command would be same as for the initial transmission timing error.
3
Conclusion
In this paper, we have discussed the NB-IoT UL transmission timing requirements in general. We have also discussed how the UL transmission gap would need to be analysed in order to see whether the gap pattern allows enough time necessary for UE to perform UL power control and time tracking.
Proposal 1: A transmissions after an UL transmission gap is to be considered as an initial transmission.

Proposal 2: RAN4 should evaluate if the UL transmission gap pattern allows accurate enough DL measurements to perform necessary UL power control.

Proposal 3: RAN4 should evaluate if the UL transmission gap pattern are sufficient to perform accurate enough time tracking.

Because of NB-IoT in-band deployment scenario, where NB-IoT devices with inaccurate UL tracking might cause unwanted interference to other LTE UL transmissions in nearby UL REs we propose:
Proposal 4: NB-IoT UE UL transmit timing requirements should be similar to LTE requirements.
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