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1.1.1 Study on solutions for NR to support Non Terrestrial Network (NTN)
FS_NR_NTN_solutions; SID in RP-190710. Please refer to the SID for detailed scoping
1.1.1.1 Link-Level and System-Level Evaluations

Including evaluation methodology, deployment scenarios, etc.
R1-1909515
Summary on simulation assumptions for NTN
Thales
Agreement:
Adopt the list of calibration study cases captured in Table Y.1. This table should be captured in TR 38.821. Only 1st priority cases will be considered for calibration phase 1. 
Table Y.1 : List of calibration study cases

	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 1

	2
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 2

	3*
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 3

	4*
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 1

	5*
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 2

	6
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	7
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	8*
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3

	9
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	11*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	12*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	13*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3

	14
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	15
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	16**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 1

	17**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 2

	18**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 3

	19**
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 1

	20**
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 2

	21**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1

	22**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2

	23**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3

	24**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	25**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	26**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1

	27**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2

	28**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3

	29**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	30**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	Note 1 : no star = 1st priority, * = second priority scenario, ** = third priority scenario 


Agreement:
The notes at the end of Table 6.1.1-1 and Table 6.1.1-2 are modified as follows:
	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR 38.811 REF _Ref718682 \r \h  \* MERGEFORMAT 
.

Note 2: This beam size refers to the Nadir pointing of the satellite

Note 3: All these satellite parameters are applied per beam.

Note 4: The EIRP density values are considered identical for all frequency re-use factor options.


Agreement:
For beam layout definition, among the several parameters presented in section 6.1.1 of TR 38.821, only the 3dB beam width parameters should be used. The beam diameter and beam spacing values can be computed directly from the 3 dB beam width assumptions and should be considered as informative. The informative values captured in the TR should be updated accordingly.
Agreement:
Update the Table 6.1.1-3 of TR38.821 as shown below.

Table 6.1.1-3 : UE characteristics for system level simulations
	Characteristics
	VSAT
	Handheld
	Other (Note 1)

	Frequency band
	Ka band (i.e. 30 GHz UL and 20 GHz DL)
	S band (i.e. 2 GHz)
	Ka band (i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of TR 38.811 with 60 cm equivalent aperture diameter
	(1, 1, 2) with omni-directional antenna element


	Directional

(M,N,P,Mg,Ng) = (TBC,TBC,2,1,1); (dV,dH) = (TBC, TBC)λ with directional antenna element (HPBW=65 deg)

	Polarisation
	circular
	Linear: +/-45°X-pol
	Linear: +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	0 dBi per element
	TBCdBi per element

	Antenna temperature
	150 K
	290 K
	TBCK

	Noise figure
	1.2 dB
	7 dB
	TBC dB

	Tx transmit power
	2 W (33 dBm)
	200 mW (23 dBm)
	[TBC W (TBC dBm)]

	Tx antenna gain
	43.2 dBi
	0 dBi per element
	TBC dBi per element

	Note 1: Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
Note 2: VSAT terminal characteristics could be implemented with phased array antenna


Agreement:
Update Table 6.1.1-5 of TR 38.821 V0.7.0 as follows.

Table 6.1.1-5 : System Level Simulation assumptions for calibration

	Configuration scenario
	A, C2 and D2

	Frequency band
	S-band (i.e. 2 GHz)  / Ka- Band (i.e. 20 GHz DL, 30 GHz UL)

	Maximum Bandwidth per beam (DL + UL)
	S-band: DL 30 MHz and UL 30 MHz

Ka-band: DL 400 MHz and UL 400 MHz

The bandwidth per beam must be adapted based on the frequency factor and the polarization re-use option considered.

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	See Table 6.1.1-1 and Table 6.1.1-2 

Note: Same satellite characteristics should be considered for both single and multi-satellite simulations

	Satellite antenna pattern
	TR 38.811 section 6.4.1 Bessel function

	Satellite polarization configuration
	Circular

	Beam layout definition
	For singles satellite simulation: See Table 6.1.1-4

For multi satellites simulation: FFS

	Frequency re-use factor
	Option 1: 1
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Option 2: 3
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Option 3: 2 if polarization re-use is enabled
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	Polarization re-use
	Option 1: Disable

Option 2: Enable

Note: Polarization re-use should apply only if circular polarization for terminal antenna is considered 

	Channel model
	Large scale model of TR 38.811 V15.1.0 (Note 2)

	Deployment scenarios
	Base-line: Rural

Additional deployment scenario results can be provided

	Propagation conditions
	Base-line : 
· Clear Sky
· Line Of Sight

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	Base-line for UL calibration: at least X=10 UEs per beam with uniform distribution in all the cell area associated to each beam.
For uplink, the cell area associated to a given beam is defined as the Voronoi cell associated with the corresponding beam centers.

	UE configuration
	S-band :

· Handheld (optional for scenario A)

Ka-band :

· VSAT

· Others  (optional for scenario A)

See Table 6.1.1-3

	UE orientation
	VSAT and Others: Ideal Tracking serving beam;

Handheld: Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Metrics for calibration
	Base-line : Coupling loss, Geometry

Note : Coupling loss is defined as the signal loss from the antenna port to the antenna port

	Note 1 : Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.
Note 2 : For the calibration purpose, 
· The ionospheric scintillation loss shall be considered equal to zero (i.e., the UEs are located between 20 and 60 degrees of latitude).
· The atmospheric absorptions loss shall be considered.


Agreement:
The following wrap around mechanism should be adopted for calibration and captured in TR 38.821:

· For FRF = 1, two additional tiers beams are considered in the simulation for wrapping around the 19-beam layout.

· For FRF > 1, four additional tiers beams are considered in the simulation for wrapping around the 19-beam layout.

· For UE associated to each beam, the remaining beams are treated as interference in case of sharing same frequency band/polarization.

· For calibration and evaluations, only the UEs allocated in the inner-19 beams are considered.

Agreement:
Update Table 6.1.1-6 of TR 38.821 V0.7.0 as follows:

Table 6.1.1-6 : Beam layout parameters for single satellite simulation

	Scenario
	Scenario A
	Scenario C2/D2

	Carrier frequency
	S-band : 2 GHz

Ka-band : 20 GHz for DL
	S-band : 2 GHz

Ka-band : 20 GHz for DL

	Adjacent beam spacing (ABS) on UV plane
	

S-band : 

· Set 1 : ABS = 0.0061

· Set 2 :ABS = 0.0111
Ka-band : 

· Set 1 : ABS = 0.0027
· Set 2 : ABS = 0.0067
	

S-band : 

· Set 1 : ABS = 0.0668

· Set 2 : ABS = 0.1334
Ka-band : 

· Set 1 : ABS = 0.0267

· Set 2 : ABS = 0.0667

	Satellite location
	Any position on the geostationary orbit
	Any position on the LEO orbit

	Central beam center elevation angle target
	Baseline : 45 deg


	Baseline : 90 deg



	Central beam bore sight direction coordinates in UV plane
	Baseline : (0.107,0)


	Baseline : (0,0)



	Gateway direction coordinates in UV plane
	Baseline : Same as central beam bore sight direction coordinates in UV plane

Note : Not needed for calibration


Agreement:
For handheld terminal, the following association between antenna port and antenna element is used for calibration and evaluations:

· 1 TX with one antenna element associated to one Tx branch.

· 2 RX with each antenna element associated to one Rx branch.

Note: Implementations without the above association can be evaluated in addition

Agreement:
HPA non-linearity modeling is not considered as part of the baseline for link level simulations.

Agreement:
Add the following note to Table 6.1.1-1 and Table 6.1.2-2 in TR 38.821
Note 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.
Agreement:
Update Table 6.1.2-1 of TR38.821 as follows:

Table 6.1.2-1 : LLS parameters for DL synchronization evaluation

	
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	For GEO (optional) :

Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg

For LEO :

Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

	Subcarrier Spacing(s)
	15kHz, 30kHz
	 120kHz, 240kHz

	DL RS
	SSB

	Antenna Configuration at the TRP (satellite)
	1Tx
	1Tx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element


	VSAT with 60 cm equivalent aperture diameter




	UE speed
	3 km/h
	0 km/h, 1000 km/h

	UE elevation angle
	For GEO (optional) : 10°,

For LEO : 30°

	Frequency Offset
	· UE crystal accuracy: 10 ppm
· Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8
· Doppler shift in channel due to UE movement :  max. value to be computed based on the UE speed and the elevation angle

Note 1 : The final frequency offset is computed as follows: 
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 denotes the final frequency offset in Hz
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A uniform distribution in [ - FO max value, + FO max value] shall be assumed.
Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)

Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	Frequency drift
	[Doppler rate values provided in Table 6.1.1-8]

	Phase noise model
	S-band phase noise modeling (optional) 

Ka-band phase noise modeling: phase noise profile according to in TR38.803 section 6.1.9.5.

	Metrics
	One-shot initial cell detection accuracy of PCID;
CDF of timing and frequency residual offset at SNR point corresponding to 90% likelihood for one-shot detection accuracy of cell ID..

Note 4: FAR of PCID detection requirement = 1%


Note: The SNR range to be evaluated should be based on the link budget analysis for each channel

Agreement:
Update the Table 6.1.2-2 for TR38.821 as follows:

Table 6.1.2-2 : LLS parameters for PRACH performance evaluation

	Configurations
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	For GEO (optional) :

Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg

For LEO :

Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

	Antenna Configuration at the TRP (satellite)
	1 Rx

2 Rx optional
	1 Rx

2 Rx optional

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element


	VSAT with 60 cm equivalent aperture diameter



	Frequency Offset
	
· Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8
· Doppler shift in channel due to UE movement : max. value to be computed based on the UE speed and the elevation angle 

· Residual frequency offset after synchronization: [0.1] ppm

Note 1 : The final frequency offset is computed as follow : 
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 denotes the final frequency offset in Hz
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 denotes the residual frequency offset after synchronization in ppm
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A uniform distribution in [ - FO max value, + FO max value] shall be assumed 
Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)

Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Initial timing Offset (Note 1)
	TBC

	Phase noise model 
	S-band phase noise modeling (optional) 

Ka-band phase noise modeling : phase noise profile according to in TR38.803 section 6.1.9.5.

	PRACH design
	Each company should provide details on configuration (i.e. format, SCS, N_CS, …). New formats are not precluded.

	Metric
	PRACH detection rate, FAR

	Note 1: Ideal common delay compensation is assumed.


R1-1909718
Summary#3 on simulation assumptions for NTN
Thales
Agreement:
In Table 6.1.2-1 of TR38.821, the following modifications are to be made

· References to TR38.811 should be updated to “TR38.811[v15.1.0]”

· Append “Pre/post common Doppler shift compensation can be assumed” to the description for the parameter 
[image: image16.wmf]sat
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Agreement:
In Table 6.1.2-2 of TR38.821, the following modifications are to be made

· References to TR38.811 should be updated to “TR38.811[v15.1.0]”

· Modify Note 1 for Frequency Offset to:
· “Note 1 : In case the network performs both pre and post common Doppler shift compensation, the final frequency offset is computed as follows”
· Modify the description for parameter 
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denotes the residual Doppler shift due to satellite movement in ppm after common Doppler compensation”
· Delete the rows for Initial Timing Offset and Note 1

Agreement:
Update Table 6.1.2-3 for TR38.821 as follows:

This table should be used as a baseline framework for link level data transmission evaluation. Additional parameters should be provided by the companies together with the simulation results.

Table 6.1.2-3 : LLS parameters for data transmission performance evaluation

	Parameters
	S-band
	Ka-band

	Carrier frequency
	2GHz 
	 DL 20GHz, UL 30 GHz 

	Channel coding scheme
	NR channel coding

	Subcarrier spacing
	15kHz, 30kHz
	 60kHz, 120kHz

	
	

	Channel estimation
	Realistic estimation

	Frequency offset 
	Residual Frequency error after DL synchronization: [0.1] ppm assuming UL pre-compensation 

	Frequency drift
	Doppler rate values provided in Table 6.1.1-8

	Frequency tracking
	Option 1 : drift pre-compensation is assumed

Option 2 : no pre-compensation is assumed

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Channel model
	For GEO (optional):

Baseline TDL/CDL model in TR38.811[v15.1.0], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions . These parameters should be provided by the companies.
For LEO:

Baseline TDL/CDL model in TR38.811[v15.1.0], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions . These parameters should be provided by the companies.

	satellite antenna configuration
	1Tx/Rx
	1Tx/Rx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element


	VSAT with 60 cm equivalent aperture diameter




	Phase noise Model
	S-band phase noise modeling (optional) 

Ka-band phase noise modeling : phase noise profile according to TR38.803 section 6.1.9.5.

	Metrics
	BLER, Throughput


Agreement:
Update Table 6.1.3.2-1 of TR38.821 as follows:

Table 6.1.3.2-1 Parameter configuration for link budget analysis

	Parameters
	Notes

	Carrier frequency
	2GHz for DL and UL (S band), 20 GHz for DL and 30GHz for UL (Ka band)

	System bandwidth
	30MHz (S band), 400MHz (Ka band)



	Channel bandwidth
	DL :
system bandwidth/ frequency reuse factor

UL:

· UL in S band (handheld UE):
· 360 kHz 
· Otherwise: system bandwidth/ frequency reuse factor
Note: The UL bandwidth may be challenge.

	Satellite altitude
	600km, 1200km, 35786km

	Target elevation angle
	30( (LEO), 10( (GEO)

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

	Shadowing margin
	0 dB for VSAT as terminal and 3 dB for others

	Scintillation loss
	Section 6.6.6 in TR 38.811
· Ionospheric loss: 
[image: image19.wmf]IS
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= 2.2 dB (note 1)

· Tropospheric loss : Table 6.6.6.2.1-1 of TR38.811

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Frequency reuse factor
	1, 2, 3

	Average CIR within a satellite beam
	Based on single satellite system-level calibration methodology, statistics are only collected for the UEs located in the central beam of the 19-beamlayout. 
The central beam boresight direction is computed based on the target elevation angle assumption.

When the generated beam has a partial or full coverage outside the earth, it is discarded.

For UL calibration, 

· For Handheld device, the channel bandwidth is 360 kHz.

· For VSAT, the channel bandwidth equals the system bandwidth allocated to each beam divided by 10.

· The devices  in one beam are allocated on adjacent frequency resources. The same resource allocation is assumed for all the beams.

 

	Satellite antenna polarization
	Circular polarization

	Polarization reuse
	Enable if frequency reuse factor = 2 is considered.

	Terminal type
	· Ka band: VSAT
· S band: (M, N, P) = (1,1,2)

	Free space path loss
	Equation (6.6-2) in TR 38.811

	Terminal RF parameters
	Table 6.1.1-3

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 and Set-2 in Table 6.1.1-2

	Polarization loss
	· 3dB per linear polarization receive antenna

· 0dB for circular polarization antenna receiver

	Outcome
	CNIR

	Note 1 : Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of TR38.811 after frequency scaling.
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Proposal:

Update section 6.1.3.1 of TR38.821 as follows:

======================== Start of TP for TR 38.821 =============================

============================== Text Omitted ================================

6.1.3.1

Link Budget Calculation

Carrier-to-noise-and-interference ratio (CNIR) of transmission link between satellite and UE can be derived by carrier-to-noise ratio (CNR) and carrier-to-interference ratio (CIR) as follows

	
	[image: image21.png]CNIR [dB] = —10log, (10~ 0-1CNR [dB] 4 1(~0.1CIR [dB])




	(6.1.3.1-1)


The formula for CNR calculation is

	
	[image: image22.png]CNR [dB] = EIRP [dBW] + ; [dB/K] — k [dBW/K/Hz] — PLgs [dB] — PLy [dB] — PLgy [dB] — PLg; [dB]
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	(6.1.3.1-2)


where EIRP is effective isotropic radiated power (EIRP), [image: image24.png]G/T



 is antenna-gain-to-noise-temperature, [image: image26.png]


 is Boltzmann constant and equals to -228.6 dBW/K/Hz,  [image: image28.png]PL..



 is free space path loss, [image: image30.png]PL,



 is atmospheric path loss due to gases and rain fades, [image: image32.png]PL,,



 is shadowing margin, [image: image34.png]PL.,[dB]



 is scintillation loss, [image: image36.png]PL,,



 is additional loss, for example degradation due to feeder links in case of non-regenerative systems, and [image: image38.png]


 is channel bandwidth.
============================== Text Omitted ================================

========================= End of TP for TR 38.821 =============================
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Calibration results of system level simulation
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R1-1908993
Preliminary Calibration Results for NTN System-Level Evaluations
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On Downlink Performance in NTN
Fraunhofer IIS, Fraunhofer HHI

R1-1908999
NTN LLS Calibration Assumptions
Fraunhofer IIS, Fraunhofer HHI

R1-1909110
On NTN link level and system level evaluations
Ericsson

R1-1909372
NTN link budget calibration: downlink numerical results
ESA

R1-1909398
Discussion on the simulation for NTN
ZTE

1.1.1.2 Physical layer control procedures
R1-1909485
FL summary#0 for physical layer control procedures for NTN
Ericsson
Agreement:
For UL transmission timing, introduce an offset Koffset  for NR NTN.

· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.

· For UL transmission on PUSCH, where PUSCH is transmitted on slot [image: image40.png]|n - 2#pUscH—HPDCCH
|+ Ko+ Koo



 when a scheduling DCI is received in slot n.

· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref[image: image42.png]—Koffset
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[image: image43.wmf]2

'

2

DL

UL

nn

m

m

êú

=×

êú

ëû

 and nCSI_ref is as defined in 38.214.
· Koffset  is per beam or per-cell 
· FFS: Whether Koffset is derived from broadcast information or is signaled by higher layers
R1-1908014
Physical layer control procedure in NR-NTN
MediaTek Inc.

R1-1908048
Discussion on physical layer control procedures for NTN
Huawei, HiSilicon, CAICT

R1-1908129
Discussion on physical control procedure for NTN
Pengcheng laboratory

R1-1908251
Considerations on Physical Layer Control Procedure in NTN
Nokia, Nokia Shanghai Bell

R1-1908487
Physical layer control procedures in NTN
Samsung

R1-1908590
Further discussion on physical layer control procedures
CATT, CAICT

R1-1908642
On physical layer control procedures for NTN
Intel Corporation

R1-1909506
Discussion on physical layer control procedures
Sony

Revision of R1-1908774
R1-1908934
Discussion on physical layer control procedures for NTN
Asia Pacific Telecom co. Ltd

R1-1908938
On physical layer control procedures for NTN
Panasonic

R1-1909000
NTN Regulatory Aspects
Fraunhofer IIS, Fraunhofer HHI

R1-1909507
On physical layer control procedures for NTN
Ericsson

Revision of R1-1909111
R1-1909260
Physical Layer Procedures for NTN
Qualcomm Incorporated

R1-1909399
Discussion on the physical control procedure NTN
ZTE

1.1.1.3 Uplink timing advance/RACH procedure
Including PRACH sequence/format/message
R1-1909479
Summary of 7.2.5.3 on UL timing and PRACH for NTN
ZTE

Agreement:
For DL initial synchronization in NTN, 

· SSB design in Rel-15 can provide robust performance in the following cases

· GEO

· With pre-compensation for LEO 

· Note: The above observation can be revised if proved by other results

· FFS: Whether SSB design in Rel-15 can provide robust performance for LEO without Doppler pre-compensation

· Factors that need to be considered include at least latency and complexity for SSB detection

Agreement:
Companies are encouraged to evaluate whether Rel-15 mechanisms are sufficient for time/frequency tracking

R1-1909676
Summary of 7.2.5.3 on UL timing and PRACH for NTN
ZTE

Agreement:
Companies are encouraged to provide the evaluations based on agreed assumptions for the following cases to justify their proposed PRACH design: 

	
	Elevation angle
	Differential delay


	UL Frequency offset (Both S- and Ka-band)

(with compensation of common Doppler)
	Beam Set at satellite

	Case 1
	90 degree for LEO
	Small
	Large
	Set-2

	Case 2
	45 degree for LEO
	Medium
	Medium
	Set-2

	Case 3
	10 degree for GEO and 30 degree for LEO
	Large
	Small
	Set-2

	Case 4
	With both open loop timing and frequency compensation
	Small
	Small
	Set-2

	Note 1: For channel model, NTN TDL-D is considered. Delay scaling factors equals to the mean delay spread and mean K factor for suburban LOS at corresponding elevation angle for each case. Omni-directional antenna with single antenna element is considered for UL transmission.
Note 2: Companies are encouraged to report the receiver for PRACH detection.

Note 3: As the baseline, the number of UEs that simultaneously access the network in a single random access occasion (RO) is 2.

The two UEs may have different timing offsets/Doppler, which are randomly picked within the [0 Max_differential_delay]/[-max_UL_frequency_offset  max_UL_frequency_offset] per case;

Note 4: Fixed power offset between UEs is 3dB.

Note 5: Metrics including CDF of estimation error for frequency/timing, FAR (Based on the preamble pool size is not less than 64), MDR, are considered.

Note 6: The SINR of the stronger UE for simulation is based on the SNR from link budget (with bandwidth for UL = 1MHz for VSAT in Ka, and Handheld for S) with additional offset (e.g., [-6 - log10(Bandwidth [MHz])] dB) per case.


R1-1908015
PRACH analysis under NR-NTN scenario
MediaTek Inc.

R1-1908049
Discussion on Doppler compensation, timing advance and RACH for NTN
Huawei, HiSilicon, CAICT

R1-1908128
Discussion on timing advance and PRACH for NTN
Pengcheng laboratory

R1-1908229
Considerations on Doppler shift and Doppler pre-post compensation mechanism
THALES

R1-1908250
Doppler Compensation, Uplink Timing Advance and Random Access in NTN
Nokia, Nokia Shanghai Bell

R1-1908488
Uplink timing advance/RACH procedure and Initial Access for NTN
Samsung

R1-1908591
PRACH design and timing advance
CATT, CAICT

R1-1908643
Discussion on TA and PRACH for NTN
Intel Corporation

R1-1908674
Discussion on UL Timing Advance and RACH
Mitsubishi Electric RCE

R1-1908775
Discussion on uplink timing advance and RACH procedure
Sony

R1-1908812
Discussion on Timing Advance for NTN
ETRI

R1-1908818
Timing advance and RACH aspect for NTN
Panasonic Corporation

R1-1908865
Considerations on Timing Advance for Non-Terrestrial Networks
CMCC

R1-1908984
NTN operation for Doppler and Timing Advance
OPPO

R1-1909107
On frequency compensation, uplink timing and random access in NTN
Ericsson

R1-1909261
RACH Procedure and UL Timing Control for NTN
Qualcomm Incorporated

R1-1909400
Discussion on the TA and PRACH for NTN
ZTE

R1-1909782
Summary#3 of 7.2.5.3 on UL timing and PRACH for NTN
ZTE

Agreement:
For UL frequency compensation at least in LEO systems, parameter(s) for frequency correction can be indicated by gNB to UE

· FFS: Signaling details including whether signalling is broadcast or UE specific, and which parameter(s) are signalled.

Agreement:
Following options can be considered to support TA adjustment for UL transmission:

· Option 1
· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   
· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 
· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.
· FFS: additional TA signalling from BS considering the potential inaccuracy.
· Option 2
· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB
· FFS: additional UE-specific differential TA signalling from BS.
· FFS: the reference point(s)  for common TA calculation
· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance

· Parameters indicated by gNB to enable the TA adjustment

· Cell/UE-group specific signalling

1.1.1.4 More delay-tolerant re-transmission mechanisms

Include capability to deactivate the HARQ mechanisms
R1-1909484
Summary of 7.2.5.4 on more delay-tolerant re-transmission mechanisms in NR-NTN
MediaTek

R1-1908016
Delay-tolerant re-transmission mechanisms
MediaTek Inc.

R1-1908050
Discussion on HARQ for NTN
Huawei, HiSilicon, CAICT

R1-1908252
Considerations on HARQ in NTN
Nokia, Nokia Shanghai Bell

R1-1908489
HARQ procedure in NTN
Samsung

R1-1908592
Further consideration on HARQ operation
CATT, CAICT

R1-1908644
Discussion on HARQ for NTN
Intel Corporation

R1-1908776
Consideration on delay-tolerant HARQ for NTN
Sony

R1-1908819
HARQ and blind retransmission for NTN
Panasonic Corporation

R1-1908866
Considerations on HARQ for Non-Terrestrial Networks
CMCC

R1-1908933
Discussion on delay-tolerant re-transmission mechanisms for NTN
Asia Pacific Telecom co. Ltd

R1-1908985
Delay-tolerant HARQ operation for NTN
OPPO

R1-1909109
On more delay-tolerant re-transmission mechanisms for NTN
Ericsson

R1-1909262
Delay-tolerant Retransmission Mechanisms for NTN
Qualcomm Incorporated

R1-1909401
Discussion on the HARQ procedure for NTN
ZTE

R1-1909783
Summary of 7.2.5.4 on more delay-tolerant re-transmission mechanisms in NR-NTN
MediaTek Inc.
Conclusion:

RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following

· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis

1.1.1.5 Others

R1-1908017
Link budget analysis of NR NTN
MediaTek Inc.

R1-1908228
Link budget analysis
THALES

R1-1908253
UE Positioning in NTN
Nokia, Nokia Shanghai Bell

R1-1908593
On the usage of Ephemeris and UE location information
CATT, CAICT

R1-1908994
Corrections for TR38.811 Section 6.8.2 Non-Terrestrial Networks channel models
Nomor Research GmbH, Fraunhofer HHI, Fraunhofer IIS

R1-1908995
Corrections for TR38.811 Section 6.7.2 Non-Terrestrial Networks channel models
Nomor Research GmbH, Fraunhofer HHI, Fraunhofer IIS

R1-1909114
On NTN PAPR reduction and measurement metrics
Ericsson

R1-1909263
On NTN Initial Search and Handover
Qualcomm Incorporated

R1-1909321
Remaining design aspects for NTN
Huawei, HiSilicon, CAICT

R1-1909402
Discussion on physical aspects for NTN
ZTE
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