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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 discuss issues and potential solutions not addressed in Agenda Items 8.15.2, 8.15.3, and 8.15.4 for Release-17 IoT NTN Study Item. 
[bookmark: _Ref481671177]Synergies between Rel-17 NR NTN WI and IoT NTN SI
The potential solutions discussed in Agenda Items 8.15.2, 8.15.3, and 8.15.4 for Release-17 IoT NTN Study Item for solving issues associated with satellite propagation delays and Doppler shift that are common for NR NTN and IoT NTN are listed in Table 1. 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 1: 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
	UE predicts satellite Position and Velocity (PV)  based on serving satellite PV broadcast on SIB and pre-compensates satellite delay and Doppler shift for UL synchronization for UL transmission in idle and connected modes
	  γ
	  γ
	  γ
	  γ

	
	Full UE-autonomous TA (including broadcast common timing offset and common timing drift rate) for MAC timers, TA margin for over compensation
	  γ
	  γ
	  γ
	  γ

	
Timing enhancements
	Koffset broadcast on SIB per cases for IoT NTN. Cell specific Koffset for NR, Beam-specific Koffset for IoT
	  γ
	  γ
	  γ
	  γ

	
	Update of Koffset based on UE TA report
	  γ
	  γ
	  γ
	  γ

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

	
Mobility
	Idle UE monitor Initial BWP#0 / “anchor carrier” for access on (wider) beam
	  γ
	  γ
	  γ
	  γ

	
	Connected UE transfer data  on UE-specific BWP#1,2,3 / “non-anchor” carrier on (narrow) beam
	γ
	γ
	γ
	γ


Table 1: Summary of common solutions for NR NTN and IoT NTN

DL Synchronization
Eutelsat set 3 (234km) is very close to the maximum beam size that can be supported. Sateliot Set 4 (e.g. 1000km) beam sizes @Nadir point cannot be supported with current CS algorithms. Current Doppler maximum NB-IoT budget for 2.17GHz:
· ±50KHz: Half Tone raster for Initial Cell Search for NB-IoT
· ±10 ppm, ± 20 ppm: typical free running oscillator accuracy
· ± 1ppm : margin. E.g to account for overlapping coverage at beam edge. 
· [bookmark: _GoBack]Doppler budget: ±50 kHz - ±11ppm (or ±20 ppm) *2.17GHz = ± 26.13 kHz (or 6.6 kHz)
The nominal frequency of DL signal is not broadcast. It needs to be determined using a frequency grid with 100 kHz sync raster.  If the uncertainty on DL raster is +/-Raster/2=+/-50 kHz, the UE can know exactly the DL frequency. It will first determine in which frequency grid the DL signal can be found, and then can synchronize with great accuracy on DL signal.  If the uncertainty > +/-Raster/2, then the UE cannot know its DL frequency. If the UE does not know the DL frequency it does not have a DL synchronization source to use the right sampling rate and correctly generate the UL frequency. A new Channel Raster of 200 kHz could be potential solution to support beam diameter size with ±20 ppm. Another alternative is to broadcast the DL frequency, e.g. as part of the NTN SIB. 
Observation 2: A larger beam diameter size and crystal accuracy of up to ±20 ppm may benefit from a new Channel Raster of 200 kHz for NB-IoT and eMTC to support DL synchronization for LEO. 
Observation 3: A larger beam diameter size and crystal accuracy of up to ±20 ppm may benefit from support of DL frequency broadcast as part of the NTN SIB to support DL synchronization for LEO.

	Beam diameter size @Nadir point
	93 km
	234 km
	1000 km
	2000 km

	3dB Beam-width in degrees (2γ)
	8.86 deg
	22.03 deg
	77.7 deg
	111.5 deg

	Elevation angle at beam edge
	85.15 deg
	77.93 deg
	46.63 deg
	25.26 deg

	Maximum Differential Doppler @fc=2GHz
	± 3.89 kHz
	± 9.63 kHz
	± 31.63 kHz
	± 41.65 kHz

	Maximum Differential Doppler @fc=2.17GHz
	± 4.22 kHz
	± 10.44 kHz
	± 34.32 kHz
	± 45.19 kHz


Table 2: Maximum Doppler shift at LEO 600 km for IoT NTN

Beam switching for NB-IoT NTN
Figure 1 illustrate a hierarchical beam layout with a wide beam spot used for access and N narrow beam spots used for data transfer with N=2 and N=7 as examples. The narrow beam spot fall within the wider beam spot. Synchronization signals and cell-specific System Information is broadcast on wider beam for access.
· At SNR < 0 dB, the interference in C/(N+I) is not a dominant issue and FRF=1 on wider beam for access could be used. For data, assuming SNR > 0dB for high spectral efficiency FRF = 3 could be used to mitigate interference. C/N(access)  can be lower than C/N(data), which improves EIRP splitting 
· Using FRF=1 instead of FRF=3 on wider beam reduces the total number of carriers needed to support access on wider beam and data on narrow beam – e.g. N=7 requires 4 carriers instead of 6 carriers.
NOTE: This solution can apply to Rel-16 NB-IoT, where it is specified that  the eNB can configure a UE in IDLE mode to report the downlink channel quality in Msg3 for non-anchor access. It also allows the UE to report the downlink channel quality in connected mode other than Msg3 for anchor and non-anchor carriers. This allows the eNB to schedule NPDCCH and NPDSCH more accurately, especially in cases with mismatch between coverage level and channel quality.
The total EIRP budget is split between the wider beam for access and the N narrow beams for data. 
· The L1 + SI overhead for access ~40% of carrier in wide beam spot scales by 1/(N+1), where N is the number of narrow bean spots per cell
· Wide beam Antenna Gain = G, Narrow beams Antenna Gain = G + 10log(N)
· Satellite amplifier output power Pout(dB)
· Satellite EIRP=Pout*G, Wide beam EIRP = EIRP – 10*log(N+1), Narrow beam EIRP = EIRP + 10*log(N/[N+1])
· Satellite C/N, Wide beam C/N = C/N – 10*log(N+1), Narrow beam C/N = C/N + 10*log(N/[N+1])
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Figure 1: Wide beam access for NB-IoT NTN

Consider an example with wide beam spot for access and N=7 narrow beam spots for data:
· Eutelsat Set 3: 
· EIRP density=30.3 dBW/MHz gives  EIRP per narrow spot = 22.9 dBW = 52.9 dBm, and the power per narrow beam spot P=0.758W, TX ant gain G=24.1 dBi  = 257 on narrow beam. 
· N=7 narrow beam spots, total power for the wide beam spot and the 7 narrow beam spots is P(total)=(7+1) *0.758W= 6.06 W
· the power for the wide beam spot for access is P(access)=0.758W, 
· the power for each individual narrow beam spot for data is P(data)=0.758W, 
· EIRP(data)=EIRP+10*log(7/(7+1)=EIRP-0.58 dB, 
· EIRP(access)=EIRP-10*log(7+1)=EIRP-9.03 dB, 
· We assume satellite target C/N = 0 dB without wide beam, then re-calculate C/N with wide beam 
· C/N(data)=-0.58 dB, 
· C/N(access)=-9.03 dB
· N=7 narrow beam spots, total power for the wide beam spot and the 7 narrow beam spots is P(total)=(7+1) *0.758W= 6.06 W. We now assume more power allocated to wide beam for access i.e. 1.516W instead of 0.758 W and less power per narrow beam for data i.e. 0.649 W instead of 0.758 W 
· the power for the wide beam spot for access is P(access)=1.516W, 
· the power for each individual narrow beam spot for data is P(data)=0.649W, 
· EIRP(data)=EIRP+10*log(7/(7+1) - 10*log(0.758/0.649)=EIRP-1.25 dB, 
· EIRP(access)=EIRP-10*log(7+1) +10*log(1.516/0.758)=EIRP-6.03 dB, 
· We assume satellite target C/N = 0 dB without wide beam, then re-calculate C/N with wide beam 
· C/N(data)=-1.25 dB, 
· C/N(access)=-6.03 dB
NOTE: Increasing power per narrow beam spot P=2 W, would improve C/N and EIRP figures by 4.21 dB as shown in Table 3 below 
	P(Data) Per beamspot
	P(access) Per beamspot
	N
	C/N (Data)
	C/N (Access)
	Power share for access
(%total,       P,            EIRP)
	Power share for data
(%total,        P,            EIRP)

	0.758 W
	0.758 W
	7
	-0.58 dB
	-9.03 dB
	 12.5%,    0.758 W,   -9.03 dB
	 87.5%,   0.758 W,     -0.58 dB

	0.649 W
	1.516 W
	7
	-1.25 dB
	-6.03 dB 
	  25%,      1.516 W,   -6.03 dB
	 75%,      0.649 W,    -1.25 dB

	2 W
	2 W
	7
	3.68 dB
	-4.82 dB 
	 12.5%,    0.758 W,   -4.82 dB
	 87.5%,   0.758 W,    +3.69 dB

	1.71 W
	4 W
	7
	2.96 dB
	-1.82 dB
	 25%,       1.516 W,   -1.82 dB
	 75%,      0.649 W,    +2.96 dB


Table 3: EIRP splitting calculation with wide beam for access and N=7 narrow beams for data  for IoT NTN
The hierarchical beam layout arrangement greatly facilitates mobility as a UE only needs to access the satellite on the wide beam which can have a dwell time many times longer than the narrow beam spots depending on the number of narrow beam spots. The beam switching is also greatly facilitated. On RLF triggered by UE dropping out of coverage for data on the non-anchor carrier mapped to the serving narrow beam spot, a UE can switch back to anchor carrier mapped to the wide beam spot for access, report measurements for the target narrow beam spots for data, and switch to the non-anchor carrier mapped to the target narrow beam by an RRC reconfiguration message as in the legacy specifications for NB-IoT. 
Observation 4: The L1 + SI overhead for access ~40% of carrier in wide beam spot scales by 1/(N+1), where N is the number of narrow bean spots per cell. 
Observation 5: At SNR < 0 dB, the interference in C/(N+I) is not a dominant issue and FRF=1 on wider beam for access could be used. For data, assuming SNR > 0dB for high spectral efficiency FRF = 3 could be used to mitigate interference. 
Observation 6: C/N(access)  can be lower than C/N(data), which improves EIRP splitting 
Observation 7: Using Frequency Re-use Factor FRF=1 instead of FRF=3 on wider beam reduces the total number of carriers needed to support access on wider beam and data on narrow beam – e.g. N=7 requires 4 carriers instead of 6 carriers.
Observation 8: The beam switching is also greatly facilitated. On RLF triggered by UE dropping out of coverage for data on the non-anchor carrier mapped to the serving narrow beam spot, a UE can switch back to anchor carrier mapped to the wide beam spot for access, report measurements for the target narrow beam spots for data, and switch to the non-anchor carrier mapped to the target narrow beam by an RRC reconfiguration message as in the legacy specifications for NB-IoT.
Proposal 1: For beam switching, at least consider a hierarchical beam layout with an anchor carrier mapped to a wide beam spot used for access and non-anchor carrier(s) mapped to  narrow beam spot(s) used for data.


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 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).
Observation 2: A larger beam diameter size and crystal accuracy of up to ±20 ppm may benefit from a new Channel Raster of 200 kHz for NB-IoT and eMTC to support DL synchronization for LEO. 
Observation 3: A larger beam diameter size and crystal accuracy of up to ±20 ppm may benefit from support of DL frequency broadcast as part of the NTN SIB to support DL synchronization for LEO.
Observation 4: The L1 + SI overhead for access ~40% of carrier in wide beam spot scales by 1/(N+1), where N is the number of narrow bean spots per cell. 
Observation 5: At SNR < 0 dB, the interference in C/(N+I) is not a dominant issue and FRF=1 on wider beam for access could be used. For data, assuming SNR > 0dB for high spectral efficiency FRF = 3 could be used to mitigate interference. 
Observation 6: C/N(access)  can be lower than C/N(data), which improves EIRP splitting 
Observation 7: Using Frequency Re-use Factor FRF=1 instead of FRF=3 on wider beam reduces the total number of carriers needed to support access on wider beam and data on narrow beam – e.g. N=7 requires 4 carriers instead of 6 carriers.
Observation 8: The beam switching is also greatly facilitated. On RLF triggered by UE dropping out of coverage for data on the non-anchor carrier mapped to the serving narrow beam spot, a UE can switch back to anchor carrier mapped to the wide beam spot for access, report measurements for the target narrow beam spots for data, and switch to the non-anchor carrier mapped to the target narrow beam by an RRC reconfiguration message as in the legacy specifications for NB-IoT.
Proposal 1: For beam switching, at least consider a hierarchical beam layout with an anchor carrier mapped to a wide beam spot used for access and non-anchor carrier(s) mapped to  narrow beam spot(s) used for data.
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