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Introduction
At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) [1]. In this contribution, we discussed 8.15.2	Necessary changes to support NB-IoT and eMTC over satellite. 
[bookmark: _Ref481671177]
First objective in Study Item 
IoT NTN scenarios are discussed in a separate agenda item. The main focus for RAN1 is the link budget analysis based on FDD, transparent payload, and frequency band below 6 GHz. The bands of interest on access link are the L band and S band. A set of parameters for link budget calculations will be proposed in [3], where Reference scenarios and Reference sets of parameters suitable for IoT NTN (NB-IoT) are considered. 
One outcome of this first objective is to identify low EIRP and low G/T figures which still allow a reasonable working C/N on the DL and UL for normal IoT NTN operations. Some C/N margin was reserved to avoid working on the edge of normal operations with potentially unacceptable overhead, very low data rates due to high number of repetitions, and low user density per km2. The latter aspect is also discussed in RAN2 in [4].
Another outcome is to identify potential issues that would necessitate further discussions in RAN1 with potential solutions considered in the study phase. For example, whether the maximum beam diameters considered are compatible with normal synchronization operations or whether having multiple beams per satellite cell would require mobility enhancements in idle mode and connected mode.   
We think we should allow one RAN1 cycle to discuss the potential impacts of IoT NTN scenarios on RAN1.

UE pre-compensation
A key working assumption in the IoT NTN SI is that the device uses its GNSS capability for Doppler and TA pre-compensation with sufficient accuracy. Figure 1 illustrates the UE pre-compensation method. The following steps apply:
1) The gateway gets from a telemetry link the position and velocity of the satellite typically using on-board GNSS, processes it and determines the satellite position and speed.
2) The Gateway propagates the satellite position and velocity determined from the telemetry link to the end of the frame containing the SIB used to broadcast the current satellite position and velocity.
3) The UE reads the current satellite position and velocity on the SIB and uses its GNSS-acquired position to determine the satellite delay and satellite Doppler shift.
4) The UE pre-compensates the satellite delay and Doppler before transmitting on the UL.   
The above method has the advantage of only using the “short term” current satellite position and velocity which allows simpler processing due to shorter propagation over a much smaller time duration and more accurate than using “long-term” ephemeris. The satellite position and velocity are indicated as ECEF co-ordinates. The knowledge of the Gateway position is not needed for UE pre-compensation of satellite delay and Doppler over the access link.
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[bookmark: _Ref31702042]Figure 1: Satellite Propagation delay and Doppler in NTN Network.
Propagation of the position and velocity to compare against satellite position and velocity orbit data provided by Eutelsat for LEO 500km can be achieved with periodicity of 10 seconds or longer as shown in Table 1. The simple propagation algorithm based on gravity using earth spherical model (see Annex A) allows to achieve a very good accuracy. The satellite position and velocity broadcast periodicity can be made very low. 
	Periodicity
	Radial Velocity error
	Radial Position error
	Doppler error
	Delay error

	2 s
	0.02 m/s
	0.01 m
	0.14 Hz
	0 us

	5 s
	0.09 m/s
	0.17 m
	0.55 Hz
	0.0006 us

	10 s
	0.18 m/s
	0.82 m
	1.23 Hz
	0.003 us

	20 s
	0.4 m/s
	3.7 m
	2.6 Hz
	0.1 us

	30 s
	0.6 m/s
	8.6 m
	4.1 Hz
	0.3 us


Table 1: Simulations of accuracy of propagation based on gravity 
Note that other sub-optimum propagation method based on linear extrapolation could also be used in the device with reasonable accuracy over 10 seconds with Eutelsat satellite position and velocity orbit data as shown on Table 2.
	Periodicity
	Radial Velocity error
	Radial Position error
	Doppler error
	Delay error

	2 s
	0.06 m/s
	12.8 m
	0.42 Hz
	0.04 us

	5 s
	0.8 m/s
	153.4 m
	5.1 Hz
	0.51 us

	10 s
	3.6 m/s
	728.5 m
	24.4 Hz
	2.4 us

	20 s
	15.9 m/s
	3156.4 m
	105.9 Hz
	10.5 us


Table 2: Simulations of accuracy of propagation based on linear extrapolation 
Observation 1: The target requirements to achieve for UE uplink pre-compensation assuming access link is in S band could be very low – i.e.:
· Timing error at the satellite  < ± 50 µs 
· Frequency error at the satellite  < ±0.02 ppm or ± 40 Hz at fc = 2 GHz
It is assumed that gNB does pre-compensation and post-compensation of Doppler shift over the feeder link 
For other bands, the proposal above can be readily applied with Frequency error at the satellite  < ±0.02 ppm of carrier frequency in these bands.
With the observed accuracy for Doppler and TA pre-compensation, there is no need for PRACH enhancements. The serving satellite ephemeris (satellite position and satellite velocity) is assumed to be broadcast every second (it could be longer). The SIB indicates satellite position {X, Y, Z} and satellite velocity {Xvel, Yvel, Zvel} as shown below as an example 
· at time n,                       6978.137000    0.000000     0.000000    0.000000000   -0.973419758   7.494916974
· at time n+1 second,      6978.132789    -0.973438    7.495204   -0.008197108   -0.973418993   7.494911714
· at time n+2 seconds,    6978.120384     -1.946874  14.990395   -0.016394201   -0.973417086   7.494897640
· …
The payload on NTN SIB to indicate serving satellite cell position and velocity is (84+60)/8 = 18 Bytes as shown in Table 3. Assuming 10 MHz system bandwidth, the signalling overhead is in the order of 0.01%. A satellite cell can be single beam or typically multiple beams per cell. Assuming a typical number of beams per cell N of value in range 10 – 100, and NTN SIB broadcast in each beam, the total SIB overhead can be expected to be in the order of 0.1% - 1%. 
	Information
	Range
	Resolution
	#bits

	Satellite Location
	±43000 km
	0.33m 
	3*28=84 

	Satellite Velocity
	±8 km/s
	0.015 m/s 
	3*20=60 


Table 3: real-time satellite Position and Velocity payload on SIB

For LEO=600 km, the satellite speed is 7.6 km/s and velocity of light c=3.108 m/s. The time drift assuming maximum Round Trip Delay of 28.4 ms in TR 38.811 Table 5.3.4.1-1 is approximately 0.71μs, where
· d=v*t= 7600 m/s * 28.4 ms=215.8 m
· t=d/c = 215.8/3.108 = 0.71 us
According to TS 36.133,  section 7,the UE initial transmission timing error shall be less than or equal to ± Te = ±80Ts = ± 2.6 μs corresponding to a position error of ±780 m for NB-IoT,  ± Te = ±24Ts = ± 0.78 μs corresponding to a position error of ±234m for eMTC, where this requirement applies for the first transmission in a DRX cycle whether it is a PUSCH or PRACH.
Observation 2: The connected UE can autonomously adjust the TA to compensate the impact of the timing drift within specified maximum initial transmission timing error ±Te = ± 2.6 μs corresponding to a position error of ±780 m for NB-IoT and ±Te = ± 0.78μs corresponding to a position error of ±234m for eMTC. 
It is mentioned in TR 38.811 section 7.3.2.4.1 that the  Doppler drift is -544 Hz / s @ 2 GHz. This implies that in 1 second, the Doppler shift drift is -544 Hz, or in one LEO RTD = 28 ms, the Doppler shift drift is -15.2 Hz (=-544 Hz*28/1000). 
Observation 3: The connected UE can autonomously predict and pre-compensate the Doppler shift drift before transmitting on the UL

Timing enhancements, HARQ
RAN1#102e Agreement on timing enhancements for NR NTN to introduce K_offset (based on satellite RTD) can be reused for IoT NTN
· Introduce K_offset to enhance the timing relationships for DL assignment / UL grant via DCI, HARQ-ACK feedback.
· K_offset used in initial access broadcast on SIB
RAN2#111e Agreement on HARQ can be reused for IoT NTN
· HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner.
· HARQ may not be disabled for IoT NTN
· IoT applications are not delay-sensitive – i.e. 10 seconds delay requirement for the uplink when measured from the application ‘trigger event’ to the packet being ready for transmission from the base station towards the core network
· Packet size, reporting interval combination can be supported with data rates of ~160 bps - 50 bytes, 2 hours; 200bytes, 2 hours; 50 bytes, 24 hours; 200 bytes, 24 hours
The maximum Round Trip Time is 541.46 ms for GEO and 25.77 ms for LEO at 600 km [2, Table 7.1-1]. 
· Rel-14 NB-IoT data rates are sufficient for IoT applications in LEO and GEO – i.e.
· Cellular: DL 126.8 kbps; UL 158.5 kbps
· LEO: DL 74.6 kbps; UL 84.5 kbps
· GEO: DL 8.7 kbps; UL 8.8 kbps
· Rel-13 NB-IoT data rates are much lower but still sufficient for IoT applications in LEO and GEO – i.e.
· Cellular: DL 26.1 kbps; UL 58.8 kbps
· LEO: DL 12.6 kbps; UL 22.2 kbps
· GEO: DL 1.2 kbps; UL 1.8 kbps

Rel-13 NB-IoT device is only one HARQ process with cellular data rates DL 26.1 kbps and UL 58.8 kbps. This results in much lower data rates for DL and UL for LEO and GEO, but still sufficient to meet the requirement of 160 bps. In case of firmware update over the air, since there is only one HARQ process in Rel-13 NB-IoT device it may be necessary to disable UL HARQ feedback and to rely on RLC ARQ re-transmissions for reliability. 
Only data rates for NB-IoT NTN are shown above, Data rates for eMTC NTN are higher than NB-IoT NTN, since cellular eMTC data rates are higher than cellular NB-IoT NTN. In the specifications, eMTC has 10 HARQ processes and it will be increased to 14 HARQ processes in Rel-17. This is sufficient for IoT NTN.  
Observation 4: Agreement on timing enhancements for NR NTN to introduce K_offset (based on satellite RTD) can be reused for IoT NTN.
Observation 5: HARQ may not be disabled for IoT NTN as IoT applications are not delay-sensitive – i.e. 10 seconds delay requirement.
Observation 6: In case HARQ is disabled for IoT NTN, RLC ARQ re-transmissions may be used for reliability – e.g. Rel-13 NB-IoT device for firmware update over the air.

Synergies between Rel-17 NR NTN WI and IoT NTN SI
The potential solutions discussed in previous sections are needed for solving issues associated with satellite propagation delays and Doppler shift. As these issues are common to NR NTN and IoT NTN, and also apply whether the satellite constellation is LEO (larger Doppler shift due to satellite velocity) or GEO (longer propagation delay), they would all require similar solutions at higher level (i.e. Stage 2). The detailed implementation of the solutions in the specifications would naturally be RAT specific  (i.e. Stage 3). 
Observation 7: The potential solutions needed for solving issues associated with satellite propagation delays and Doppler shift are common to NR NTN and IoT NTN, and also apply whether the satellite constellation is LEO (larger Doppler shift due to satellite velocity) or GEO (longer propagation delay).

	Sub Features
	Description
	NR NTN
	IoT NTN

	
	
	LEO
	GEO
	LEO
	GEO

	

UE pre-compensation for UL sync
	Predict satellite Position and Velocity (PV)  with propagation algorithm based on serving satellite PV broadcast on SIB
	  γ
	  γ
	  γ
	  γ

	
	UE pre-compensation of satellite delay and Doppler shift using device position and serving satellite PV broadcast on SIB
	  γ
	  γ
	  γ
	  γ

	Timing enhancements
	Device include Koffset obtained via configuration for UL scheduling to accommodate large satellite RTD
	  γ
	  γ
	  γ
	  γ

	HARQ
	Enable/Disable HARQ feedback per UE per HARQ process.
	  γ
	  γ
	  γ
	  γ


Table 4: Summary of common solutions for NR NTN and IoT NTN


Conclusion
In this contribution, we summarize issues and discuss potential solutions for IoT NTN that are common to NR-NTN and IoT NTN for LEO and GEO. 
Observation 1: The target requirements to achieve for UE uplink pre-compensation assuming access link is in S band could be very low – i.e.:
· Timing error at the satellite  < ± 50 µs 
· Frequency error at the satellite  < ±0.02 ppm or ± 40 Hz at fc = 2 GHz
It is assumed that gNB does pre-compensation and post-compensation of Doppler shift over the feeder link 
For other bands, the proposal above can be readily applied with Frequency error at the satellite  < ±0.02 ppm of carrier frequency in these bands.
Observation 2: The connected UE can autonomously adjust the TA to compensate the impact of the timing drift within specified maximum initial transmission timing error ±Te = ± 2.6 μs corresponding to a position error of ±780 m for NB-IoT and ±Te = ± 0.78μs corresponding to a position error of ±234m for eMTC. 
Observation 3: The connected UE can autonomously predict and pre-compensate  the Doppler shift drift before transmitting on the UL
Observation 4: Agreement on timing enhancements for NR NTN to introduce K_offset (based on satellite RTD) can be reused for IoT NTN.
Observation 5: HARQ may not be disabled for IoT NTN as IoT applications are not delay-sensitive – i.e. 10 seconds delay requirement.
Observation 6: In case HARQ is disabled for IoT NTN, RLC ARQ re-transmissions may be used for reliability – e.g. Rel-13 NB-IoT device for firmware update over the air.
Observation 7: The potential solutions needed for solving issues associated with satellite propagation delays and Doppler shift are common to NR NTN and IoT NTN, and also apply whether the satellite constellation is LEO (larger Doppler shift due to satellite velocity) or GEO (longer propagation delay).

[bookmark: _Ref54279514]ANNEX A
Serving Cell ephemeris 
· Satellite Position vector  =(Sx, Sy, Sz) 
· Satellite Velocity vector 𝑉 ⃗=(Vx, Vy, Vz)
· Time reference for real-time Satellite position and Velocity is the end of frame where SIB was transmitted at the satellite side
· UE propagate satellite position and velocity between SIB transmissions to track satellite delay drift and Doppler drift
UE acquires its position  using its GNSS receiver
Calculated satellite delay:
·  ,   
· /c
Calculated satellite Doppler:
· 
The UE Propagate the satellite position and velocity in an inertial referential using canonical laws of mechanics:
· 
· 
·     is the gravity force vector with Gravity constant GM = 3.986004418e14  
The propagated satellite position and velocity errors and corresponding satellite Doppler shift and delay errors are shown in Figure A-1 with SIB Periodicity 10 s.   
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Figure A-1 Propagation method based on gravity with SIB Periodicity 10 s
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