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[bookmark: _Toc116995841]Introduction
NB-IoT and eMTC operations were identified as two key enablers of connectivity in remote areas. In some of these areas, limited or no-cellular infrastructure might be available. Because of this, 3GPP has introduced IoT over NTN (Non-terrestrial networks) as potential solution to provide ubiquitous connectivity in such conditions [1]. Currently, the RAN plenary has approved the work item whose objective is to develop RF and RRM requirements for NB-IoT and eMTC operation over NTN [2]. The WID indicates that the discussions should leverage previous work for NR over NTN and IoT as long as applicable. 
The current paper discusses how some of the demodulation aspects in uplink need to be considered for this current WI, as they are specific for NB-IoT over NTN. 
Specifically, this paper discusses how the agreements made in RAN4 #106 [3] do not allow requirements that cover the feature of UL pre-compensation gaps as defined by RAN1 [6].

[bookmark: _Toc116995842]Discussion
Background
The demodulation work in RAN4 for the WID on IoT over NTN (LTE_NBIOT_eMTC_NTN) started at RAN4 #105, with discussions regarding UE demodulation aspects and some general concepts [4]. The following agreements are found on the way forward (WF) from RAN4 #105:
	Issue 1-2-1: Frequency and timing drift modelling
Agreement: 
· Do not consider Doppler shift for feeder link for DL
· Do not consider the frequency Drift
· Do not define sampling offset model
· The maximum Doppler shift is residual frequency offset, i.e., 0.1ppm.

Issue 1-2-2: Propagation channel models
Agreement: 
· Introduce requirements with NTN-TDLA100-x and NTN-TDLC5-y
· FFS on the doppler shift value
· This only applied for UE side. FFS for SAN side




During RAN4 #106 it was agreed [3] that only requirements for uplink segmented transmissions with a single segment will be defined. 
	Agreement: UL segmented transmission with multiple segments
· No PUSCH/NPUSCH/PRACH/NPRACH requirement for Uplink segmented transmission with multiple segments. Only define requirements with one segment.

Agreement: Assumption of pre-compensation gap for UL segmented transmission
· Not to consider pre-compensation gap for simulation.
· Interested companies can bring simulation results for pre-compensation gap enabled case. 
· See the detailed simulation assumption in Topic #3 and #4.





Known impact of doppler pre-compensation on SAN demodulation 
As RAN1 has previously agreed that a series of N-repetitions to be transmitted might be split into M segments. For PRACH the segment duration is defined in number of preamble repetitions, whereas for PUSCH and PUCCH the segment duration,  is defined in ms. The UE is expected to perform updates of pre-compensation settings (time and frequency) in-between these segments. The so-called UL Pre-compensation gap

	
From TS 36.213, Rel. 17.2.0 [5]
[bookmark: _Toc415085423][bookmark: _Toc454817967]4.2.3	Transmission timing adjustments

For a BL/CE UE communicating over NTN, time and frequency pre-compensation is adjusted per uplink segment with a transmission duration of time units, where the quantity  is provided by system information, as specified in 3GPP TS 36.331.



 
There is an expected timing advance drift across repetitions within the segment, whereas the timing advance pre-compensation is only expected to be adjusted in the interval between segments; furthermore, in some cases, the timing advance of the next segment is considerably larger than the timing advance of the current segment, once the adjustment is performed. This would cause a problem for UL transmission, as the transmission of the subsequent segment would potentially need to be started before the transmission of the current segment is finalized, which would not be possible. In order to avoid this situation RAN1 has introduced, as indicated in their LS to RAN4 [6], the concept of “pre-compensation gap”.


Issue concerning single segment and pre-compensation gap
As per the WF from RAN4#106 only a single segment will be defined within the requirements for PUSCH/NPUSCH/PRACH/NPRACH which means that performance requirements for this will not be defined.
These concerns are visualised in Figure 1 where the case of a singular segment is shown and Figure 2 where the case of multiple segments exercising the UL pre-compensation gap is shown.


[bookmark: _Ref131414098]Figure 1 : Time advance compensation based on single segment UL transmission
As shown in Figure 1, the time advance compensation happens at the end of the segment, which concurrently is the total number of repetitions, therefore in this case the UL pre-compensation gap will not be used, hence the RAN4 requirements will not include this feature. 



[bookmark: _Ref131414100]Figure 2 : Time advance compensation based on multiple segment UL transmission and UL pre-compensation gap
Whereas, as can be seen with Figure 2, the time advance compensation can happen at the end of the segment, which in the case of multiple segments does not coincide with the end of the repetitions; therefore, the UL Pre-compensation gap is indeed used.
[bookmark: _Toc131414222]The current requirements outlined in this WI will not include performance requirements relating to the UL pre-compensation gap.
[bookmark: _Toc131414223]We propose that at RAN4#106-bis-e RAN4 re-considers introducing multiple segments to the requirements to include meaningful demodulation requirements on the UL pre-compensation gap feature’s puncturing aspect.

[bookmark: _Toc116995848]Conclusion
Within this paper we have presented a view on the impact of defining requirements regarding segmentation of PUSCH/NPUSCH/PRACH/NPRACH and how a single segment will not exercise the UL Pre-compensation gap as defined by RAN1.
Specifically, in the paper, the following Observations and Proposals were made:
Observation 1: The current requirements outlined in this WI will not include performance requirements relating to the UL pre-compensation gap.
Proposal 1: We propose that at RAN4 #106-bis-e RAN 4 considers whether to introduce multiple segments to the requirements in order to include requirements on this UL pre-compensation gap
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