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At the RAN4#78AH meeting the group agreed on the UE behavior with respect to UL uplink transmit timing requirements as captured in the CR [1]. One parameter that determines how large delay spread the system can tolerate before inter-symbol interference arises was left for further studies.
Table 7.20.2-1: Te Timing Error Limit
Downlink Bandwidth (MHz)
Te
0.18
[80*TS -K*TS]
Note:   TS is the basic timing unit defined in TS 36.211

Editor’s note: K is TBD and determines the maximum supported delay spread K*TS of a multi-path channel in order to avoid inter-symbol interference.


In this contribution we provide our view on the selection of K for a robust system under the anticipated channel conditions.
Background
At RAN4#78AH it was identified that the UL transmit timing accuracy at an initial transmission should be relaxed compared to the requirement for the case of a 1.4 MHz legacy LTE cell. It was initially proposed that the relaxation should be such that the cat NB1 UE would use a UL transmit timing that was within ±80Ts or a half cyclic prefix from the ideal UL transmit timing [3]. During the discussions it was found that allowing a cat NB1 UE to be misaligned by up to ±80Ts would potentially lead to inter-symbol interference since in the extremes there would not be any buffer for the delay spread of the propagation channel. 
Figure 1 illustrates an in-band scenario where an LTE base station receives over a 20MHz bandwidth within which it supports multiple NB-IoT cells. The base station aims for receiving the signals from the multiple UEs at a particular instant (Ideal OFDM symbol reception timing), and aligns the UEs to this instant by sending TA commands. In order to avoid inter-symbol interference the base station generally selects the starting point for the FFT midways into the cyclic prefix (Ideal FFT window placement for ISI mitigation).When allowing cat NB1 UEs to deviate from the ideal OFDM symbol reception timing by up to half a cyclic prefix, the effect in the extremes is that either the FFT window will start at the net OFDM symbol or at the beginning of the cyclic prefix, by which inter-symbol interference will arise in case of multipath propagation.


[bookmark: _Ref450817221]Figure 1: Sketch of timings of signals received from different UEs in the in-band scenario. Allowing a tolerance of ±0.5 CP (80Ts) for cat NB1 UEs would lead to inter-symbol interference as well as some inter-carrier interference to adjacent subcarriers. 

Margin for multipath propagation
A considerable fraction of cat NB1 UEs is likely to be deployed in urban areas by which multipath propagation will be predominant. Multipath propagation in typical urban scenarios is modelled by the ETUx channel, which is characterized by a delay spread (RMS) of close to 1 µs and extends over 5 µs [6]. Hence with ETUx in mind it would be desirable to have a margin of 1 µs or K=32. This would allow a relaxation compared to the legacy LTE 1.4 MHz bandwidth case from ±24Ts to ±48Ts.
Proposal: The parameter value K=32 shall be used by which a relaxation by a factor 2 compared to the 1.4 MHz legacy case is achieved, and the timing error limit shall hence be Te = 48Ts.
Table 7.20.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te

	0.18
	48*TS

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



Summary and Conclusion
We have provided the background on the need for a margin in the timing accuracy requirement to cater for multipath propagation. Based on the ETUx channel, we propose the following:
Proposal: The parameter value K=32 shall be used by which a relaxation by a factor 2 compared to the 1.4 MHz legacy case is achieved, and the timing error limit shall hence be Te = 48Ts.
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