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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. As a consequence 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/eMTC over NTN. 

[bookmark: _Toc116995842]Discussion
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 [3]. 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







Segment-wise residual frequency offset
The agreements on issue 1-2-1 relate to situations where we do not consider the frequency drift caused by the satellite movement, similar to what was previously done in the discussion for NR over NTN. In NR, this agreement was achieved in RAN4 #103, and the reasoning behind it was that the UE would perform doppler pre-compensation over time: 

	From WF R4-2210661 [4] (highlights are our own):

Issue 1-2-2: Doppler shift due to satellite motion for DL in service link
· Proposals
· Option 1: Do not verify the UE compensation prior to the baseband processing. The maximum doppler shift is residual frequency offset, i.e., 0.1ppm.
· Option 2: If no other test cases (including Demod/RRM/RF) cover the frequency error after UE compensation, consider the maximum doppler shift 24ppm, i.e., 48 cos⁡〖α_model 〗 (kHz) , where α_model is the chosen satellite elevation angle, to verify the UE compensation prior to the baseband processing.
· Agreements: 
· Option 1 under the assumption UE compensation functionality will be covered by other requirements i.e., RF requirements.
· It’s FFS whether this already covered by other requirement (RF and or RRM); RAN4 can further discuss whether this need to be verified by demodulation requirements if RAN4 conclude it’s not covered by other requirements (RF and or RRM).




However, there is a fundamental difference between the operation in NB-IoT/eMTC and NR. Because of the limitations in the IoT devices, and the scenarios they are designed to operate within, they are mostly expected to work in Coverage Enhancement (CE) modes. In CE modes, several repetitions are transmitted, as in-phase combination of the received energy can be used at the receiver end to demodulate the transmitted signal. This is the case for NPUSCH, NPUCCH and NPRACH transmissions. 
Impact of doppler pre-compensation on SAN demodulation 
Even more importantly, 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. 

	
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.



 
Therefore, for a group of contiguous  repetitions, the same frequency pre-compensation will be applied at UE side, and the doppler frequency shift at the end of the segment might be significantly different from the 1st repetition until the end of the  -th repetition. 
For a UE located at Nadir (with an elevation angle approximately equal to 90 degrees), the experienced rate of change on doppler frequency varies more rapidly than for any other UE covered by the satellite footprint. This is well explained in the TR 38.821, where it is also shown that the maximum doppler shift variation for an UE with fixed position on Earth is 0.27 ppm/s for a LEO satellite with orbital altitude of 600 km and 0.13 ppm/s for a LEO satellite at 1200 km 
Assuming long segments in the worst condition for UE location the following values are found (see Annex A):
· For PRACH format 2, for = 16, the additional doppler shift at the end of the segment is 0.08 ppm
· For NPUSCH and NPUCCH, for = 256, the additional doppler shift at the end of the segment is 0.07 ppm.  
Based on this discussion we make the following observations: 
[bookmark: _Toc127438658][bookmark: _Toc127515543]The maximum residual doppler offset from a first transmission is 0.1 ppm. 
[bookmark: _Toc127438659][bookmark: _Toc127515544]For TN within 5G a typical speed for a UE moving at speed is typically considered to be 33.33 m/s (120 km/h). Whereas for NTN and LEO specifically the satellite velocity is 7500 m/s, as such there is residual doppler shift (non-compensated) across different segments. 
[bookmark: _Toc127438660][bookmark: _Toc127515545]  For PRACH format 2, when a segment of size 16 is used, then the additional doppler shift is 0.08 ppm after the end of the segment; while for NPUSCH and NPUCCH, for = 256, the additional total shift after the end of the segment is 0.07 ppm.  
As a consequence of these observations, we propose:
[bookmark: _Toc127438661][bookmark: _Toc127515546]When using segments size () greater than 1, for NPRACH, NPUSCH and NPUCCH, create additional frequency doppler shift offset for every subsequent repetition after the first in a segment.  FFS: On the value of the additional offset.
Depending on the elevation angle between the satellite and the UE on the ground considered as the reference scenario, the frequency doppler shift might be less relevant, however, the transmit timing offset across subsequent repetitions in a segment becomes more relevant. 
[bookmark: _Toc127438662][bookmark: _Toc127515547]Evaluate if an offset in transmit timing needs to be applied to the subsequent repetitions in a segment as well.

Impact of pre-compensation gap on SAN demodulation 
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 [, the concept of “pre-compensation gap”.
As described in the box below, the pre-compensation gap is a gap in UL transmission, where parts of the first repetition of the next segment to be transmitted in UL are mapped by higher layers but not transmitted (“dropped”) by PHY, as the transmission of the current segment is not yet finished. 
Whilst RAN1 have termed the overlap of the UL transmissions, and subsequent muting, ‘pre-compensation gaps’, so in practice we can consider the feature as ‘overlap UL muting’.

	TS 36.211, Rel. 17.3.0 [6]

5.3.4	Mapping to physical resources
For BL/CE UEs communicating over NTN, for PUSCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH, according to the single UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331 [7]. The quantity  is provided by higher layers, and the quantity  is configured by higher layers based on the UE capability, if signalled.




Dropping part of UL transmissions will have an effect on the demodulation at the SAN side, especially considering that some UEs might have the capability to drop up to one subframe (or two slots for NB-IoT):
	TS 36.331 Rel. 17.3.0 [7]

[bookmark: _Toc20487305][bookmark: _Toc29342600][bookmark: _Toc29343739][bookmark: _Toc36567004][bookmark: _Toc36810444][bookmark: _Toc36846808][bookmark: _Toc36939461][bookmark: _Toc37082441][bookmark: _Toc46481075][bookmark: _Toc46482309][bookmark: _Toc46483543][bookmark: _Toc124515421]–	PhysicalConfigDedicated (eMTC)

uplinkSegmentedPrecompensationGap-r17  ENUMERATED {sym1,sl1,sf1}	 

uplinkSegmentedPrecompensationGap
Indicates the gap value between segments for PUSCH and PUCCH for TA pre-compensation. Value sym1 corresponds to 1 symbol, value sl1 corresponds to 1 slot, value sf1 corresponds to 1 subframe.

[bookmark: _Toc20487619][bookmark: _Toc29342921][bookmark: _Toc29344060][bookmark: _Toc36567326][bookmark: _Toc36810781][bookmark: _Toc36847145][bookmark: _Toc36939798][bookmark: _Toc37082778][bookmark: _Toc46481417][bookmark: _Toc46482651][bookmark: _Toc46483885][bookmark: _Toc124515769]–	PhysicalConfigDedicated-NB (NBIoT)

uplinkSegmentedPrecompensationGap-r17  ENUMERATED {sym1,sl1,sl2}	 

uplinkSegmentedPrecompensationGap
Indicates the gap value between segments for NPUSCH for TA pre-compensation. Value sym1 corresponds to 1 symbol, value sl1 corresponds to 1 slot, value sl2 corresponds to 2 slots.



[bookmark: _Toc127438663][bookmark: _Toc127515548]The UL muting feature (pre-compensation gap) between overlapping segments is expected to have a detrimental impact on the demodulation performance of the UL transmission.
[bookmark: _Toc127438664][bookmark: _Toc127515549]For UEs with the capability to drop more than 1 symbol, the pre-compensation gap shall be considered for the demodulation requirements reference channel and configuration of the SAN.
[bookmark: _Toc116995848]Conclusion
Within this paper we analyze the doppler concerns and how the pre-compensation gap applied to NB-IoT/eMTC over NTN relate to demodulation performance at the SAN, specifically over multiple transmissions, and how these factors should be considered for defining the performance of SAN demodulation.
Specifically, in the paper, the following Observations and Proposals were made:
Observation 1: The maximum residual doppler offset from a first transmission is 0.1 ppm.
Observation 2: For TN within 5G a typical speed for a UE moving at speed is typically considered to be 33.33 m/s (120 km/h). Whereas for NTN and LEO specifically the satellite velocity is 7500 m/s, as such there is residual doppler shift (non-compensated) across different segments.
Observation 3: For PRACH format 2, for N/M = 16, then the additional doppler shift is 0.08 ppm after the end of the segment; while for NPUSCH and NPUCCH, for N/M = 256, the additional total shift after the end of the segment is 0.07 ppm.
Proposal 1: When using segments size () greater than 1, for NPRACH, NPUSCH and NPUCCH, create additional frequency doppler shift offset for every subsequent repetition after the first in a segment.  FFS: On the value of the additional offset.
Proposal 2: Evaluate if an offset in transmit timing needs to be applied to the subsequent repetitions in a segment as well.
Observation 4: The UL muting feature (pre-compensation gap) between overlapping segments is expected to have a detrimental impact on the demodulation performance of the UL transmission.
Proposal 3: For UEs with the capability to drop more than 1 symbol, the pre-compensation gap shall be considered for the demodulation requirements reference channel and configuration of the SAN.
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Annex A: Calculation of Doppler Shift Variation across segments

Figure 1 depicts a scenario where a LEO satellite is moving while serving a UE with fixed position on Earth. In this picture, the satellite position and velocity at times  and  are depicted. The interval  corresponds to the total time  where the doppler shift will be considered.  For the purpose of the evaluation of frequency drift variation, the worst case is considered, i.e., the UE find itself at NADIR at time , i.e., the satellite orbital position relative to this UE is symmetrical at times  and 
By the symmetry mentioned above, and assuming that the satellite speed does not change over time, it is inferred that:
·  =  are the same
· the relative velocity between the satellite and the UE at times , and  , are equal in magnitude, but with opposite signs. 
· At  the satellite is moving towards the UE
· At  the satellite is moving away from the UE.
Therefore, the total doppler effect measured at times  and  are the same in magnitude, but with opposite signs. Hence, the total doppler shift variation within the interval , is equal to , where  is the doppler shift at the time  And it is measured based on the relative angle between the satellite and the UE and the satellite speed at this point in time. 
[image: ]
Figure 1

It is possible to see that the longer the time window, , considered, the longer is the distance travelled in this scenario, and the smaller is the elevation angle formed between the UE and the satellite and hence the doppler shift   (). The relative elevation angle between satellite motion and UE at may be calculated by backtracking the satellite position, from the point where the UE was at the Nadir of the satellite (
This is shown in Table 1:
The calculations in Table 1 are assuming:
· LEO satellite with orbital altitude of 600 km
· Earth Radius = 6,371 km
· Satellite speed = 7.566 km/s

The last column, indicates the total doppler shift variation, if the reference approximation provided in TR 38.821 is used for estimating the doppler variation (i.e. 0.27 ppm/s )
Table 1
	Channel
	Duration of the segment
	
	Angle (degrees) at 
	
	 if using the approx.0.27ppm/s

	PRACH (Format 2)
	16 * 19.2 ms = 307.2 ms
	2.324 km
	89.8986
	0.0893 ppm
	0.083 ppm

	PUSCH
	256 * 1 ms
	1.937 km
	89.9155
	0.0745 ppm
	0.0691 ppm


 
Using a rounding approximation, it is fair to say that in the worst case scenario, the doppler varies 0.08 ppm for PRACH format 2 when N=16 and 0.07 ppm for PUSCH/PUCCH when N=256. 
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