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In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”[2]. 
During 3GPP RAN WG1 #98 meeting in Prague the calibration and link budget framework for single satellite simulations has been agreed and captured in [2] and [3].
This document include a summary of the TDOCs submitted to RAN1#98bis under agenda item 7.2.5.1 and some proposal for considerations.
Calibration results : Second stage
10 organizations have provided calibration results in Excel format.
ZTE provided new excel file results.
CATT & Ericsson provided their results in a word document.
The calibration results 
· for VSAT terminals are aligned in Ka band cases.
· for handhed (HH) terminals show a 3dB mismatch between Thales/ESA/SONY versus Nomor/Huawei/Panasonic/Nokia/ZTE/Ericsson results most probably due to misinterpretation on how to compute the depolarization loss 
ESA recomputed HH cases calibrations without depolarization loss and the results are matching with Nomor/Huawei/Panasonic/Nokia/ZTE/Ericsson results demonstrating that the mismatch originates from a misunderstanding on how to compute the depolarization loss.
[image: ]
Figure 1 : Example on case 9 showing the 3dB difference on coupling loss
According to RAN#98 final report [4]:
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


1. Depolarization loss is not considered by the organizations in the same way. According to RAN1#98 agreement above, depolarization loss should not be taken into account.
1. Calibration results should be computed assuming no depolarization loss. 
·  “For handheld use cases, on the downlink, it is assumed that a combination scheme between the two Rx branches allows to prevent depolarization loss”.
· “For handheld use cases, on the uplink, it is assumed 3dB depolarization loss”.

An Excel file capturing all calibration results will be provided in a TDoc and referenced in TR38.821. In addition, the results of first priority cases will be incorporated in the TR 38.821 and standard deviation for the comparison will be provided.
Companies can express below their views on the proposal above:
	Company
	Comments and Views

	Thales
	Thales, Sony and ESA (but already verified in new submission) calibration results should be revised accordingly

	
	



Link budget analysis
6 organizations (Thales, ZTE, Sony, Panasonic, Nokia and Huawei) provided link budget results in an Excel format.
Ericsson provided their results in a word format.
Mediatek used 1MHz bandwidth on S band cases uplink rather than 360kHz.

Comparing CNR, CIR and CNIR values
Comparing CNR values show similar results. However CIR values especially on UL are significantly different between the organizations. Consequently the same discrepancy in CNIR results is observed.
It appears that the following CIR computation methods have been used:
· ESA computes CNR & CIR at the center of the reference beam.
· Thales computes CNR at the center of the reference beam and a mean CIR in the reference beam. 
· Mediatek uses 20 or 30 UEs dropped per beam and average the UE’s CNR and CIR values respectively.
· Huawei uses random dropping of 100k UEs on the earth sphere of the 19 beams surface and average the UE’s CNR and CIR values respectively.
CIR computation method is not aligned 
Compute CIR for uplink averaging over 10 UEs randomly distributed over the reference beam (UE coverage assumption of table 6.1.1-5 in TR 38.821) and apply Monte Carlo simulation scheme to obtain necessary statistical effect. 
Compute CIR for downlink averaging over UEs randomly distributed over the reference beam.

Companies can express their views below if they do not agree with the proposal:
	Company
	Comments and Views

	
	

	
	




Discarding beams without footprint on Earth

At edge of the satellite field of view, the projected foot print of some beams may be not on Earth and should be discarded in the CIR/CNIR value computations. In the LEO case, at 10° elevation, even the reference beam may not be illuminating the Earth.
At low elevation angle (e.g. 10°), the foot print of beams may not be on Earth and hence should be discarded in the CIR/CNIR value computation 

In the CIR/CNR/CNIR value computation only for link budgets, 
· Option1:  discards beams which foot print are totally not on the Earth. Moreover the UE coverage distribution should take this into account by distributing on the footprint part that is on Earth (option supported by Nokia/Samsung/Huawei/Panasonic)
· Option 2: increase minimum elevation angle for GEO case to 12.5° instead of 10° to ensure that the reference beam footprint is completely on Earth. The GEO link budgets will be computed with this new minimum elevation angle (option supported by ZTE/ESA/Ericsson/THALES/Mediatek).
Some discussions with ESA and Panasonic showed that 12.5° is not sufficient.
Following agreement in [5] shall be reviewedAgreement:
For the CIR/CNR/CNIR value computation for link budgets, the minimum elevation angle of the reference beam boresight should be set to 12.5° for the GEO case, to ensure that the reference beam footprint is completely on Earth. 
Update this agreement with a minimum elevation angle of 20° for GEO Set-2
CNR computation for VSAT was aligned between organizations but the rational of the methodology was not clear enough.
Add a note in TR38.821 to clarify the rational of the methodology of CNR computation.
Companies can express their views below if they do not agree with the proposal:

	Company
	Comments and Views

	Thales
	

	
	




Rx & TX antenna diagram mismatch in Ka band case

In the case of Ka band, there is a significant separation in frequency band between the downlink (~20 GHz) and the uplink (~30 GHz). Hence this create a mismatch in antenna diagram when the same on board antenna is used to generate both Rx and Tx beams.

When same on board antenna generate both Rx and Tx beams in Ka band, there is a mismatch between Rx & Tx antenna diagrams due to difference in frequencies (respectively 20 and 30 GHz). 
Modify Rx & Tx antenna diagram to obtain similar equivalent antenna aperture as captured in R1-1911202 by modifying TR38.821 accordingly. This is for calibration purposes. It does not preclude different implementation that lead to Rx & Tx diagram mismatch.
CATT observed an unbalance between downlink and uplink link budgets in term of CNR. This modification (described in proposal 6) will contribute to reduce this CNR unbalance. 
Furthermore, an unbalance between uplink and downlink CNR is not uncommon in typical legacy satellite systems and is not an issue.
Companies can express their views below if they do not agree with the proposal:

	Company
	Comments and Views

	Thales
	The Rx/Tx antenna diagram mismatch should appear in Ka band

	
	




Inter-satellite interference

In R1-1910062, Huawei provided a contribution on inter-satellite interference. Note however, that 
Inter-satellite interference is highly system (e.g. radio resource management) and constellation layout dependent.

Link level simulations: Throughput
Based on calibration Huawei and Mediatek proposed a first throughput analysis.
One of the principal finding in LEO case, is that despite the difference of frequency reuse scheme, FRF1 and FRF3 options exhibit a comparable throughput. Poor CINR seems to be somehow compensated by additional bandwidth.

PAPR
Several contributions (Ericsson, Huawei, ZTE) show that it is possible with different technics to have comparable PAPR between NR and TDM type waveforms, such as the legacy ones (e.g. DVB) used in operational satellite communication systems.
PAPR related issue is left for implementation

Companies can express their views below if they do not agree with the proposal:

	Company
	Comments and Views

	
	



RAN2 modifications on Doppler values
RAN2 updated max cell/beam sizes and the values of max differential delay are updated to 10.3 ms for GEO and 3.18 ms for LEO, respectively.

To be consistent, there is also a need to update max Doppler shift and max residual Doppler shift values in the TR.

From TR38.821:
	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km



Update TR38.821 with values of max Doppler shift reflecting RAN2 changes
Calibration and link budget alignement
The following agreements on polarization loss was made for calibration. It may worth clarifying if the same assumptions should carry over to link budget calculation.

Agreement:
Calibration results should be computed assuming no depolarization loss. 
       For handheld use cases, on the downlink, it is assumed that a combination of the two Rx branches allows to prevent depolarization loss.

Agreement:
For handheld use cases, on the uplink, 
       A 3dB depolarization loss should be taken into account assuming polarization reuse is applied and satellite reception implements circular polarization (e.g., for frequency reuse 4 case)
       A 0dB depolarization loss can be assumed when satellite reception implements dual polarization per beam (e.g., for the frequency reuse 1 and 3 cases)
Add an agreement to state it is also applicable to link budgets.
Conclusion
1. Depolarization loss is not considered by the organizations in the same way. According to RAN1#98 agreement above, depolarization loss should not be taken into account.
1. Calibration results should be computed assuming no depolarization loss. 
·  “For handheld use cases, on the downlink, it is assumed that a combination scheme between the two Rx branches allows to prevent depolarization loss”.
· “For handheld use cases, on the uplink, it is assumed 3dB depolarization loss”.

An Excel file capturing all calibration results will be provided in a TDoc and referenced in TR38.821. In addition, the results of first priority cases will be incorporated in the TR 38.821 and standard deviation for the comparison will be provided.
CIR computation method is not aligned 
Compute CIR for uplink averaging over 10 UEs randomly distributed over the reference beam (UE coverage assumption of table 6.1.1-5 in TR 38.821) and apply Monte Carlo simulation scheme to obtain necessary statistical effect. 
Compute CIR for downlink averaging over UEs randomly distributed over the reference beam.
At low elevation angle (e.g. 10°), the foot print of beams may not be on Earth and hence should be discarded in the CIR/CNIR value computation 

In the CIR/CNR/CNIR value computation only for link budgets, 
· Option1:  discards beams which foot print are totally not on the Earth. Moreover the UE coverage distribution should take this into account by distributing on the footprint part that is on Earth (option supported by Nokia/Samsung/Huawei/Panasonic)
· Option 2: increase minimum elevation angle for GEO case to 12.5° instead of 10° to ensure that the reference beam footprint is completely on Earth. The GEO link budgets will be computed with this new minimum elevation angle (option supported by ZTE/ESA/Ericsson/THALES/Mediatek).
CNR computation for VSAT was aligned between organizations but the rational of the methodology was not clear enough.
Add a note in TR38.821 to clarify the rational of the methodology of CNR computation.
Update this agreement with a minimum elevation angle of 20° for GEO Set-2

When same on board antenna generate both Rx and Tx beams in Ka band, there is a mismatch between Rx & Tx antenna diagrams due to difference in frequencies (respectively 20 and 30 GHz). 
Modify Rx & Tx antenna diagram to obtain similar equivalent antenna aperture as captured in R1-1911202 by modifying TR38.821 accordingly. This is for calibration purposes. It does not preclude different implementation that lead to Rx & Tx diagram mismatch.
PAPR related issue is left for implementation
Update TR38.821 with values of max Doppler shift reflecting RAN2 changes
Modify agreement to state it is also applicable to link budgets.
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Annex
	Contribution
	Observation/Proposals

	R1-1911255
ESA
	

	R1- 1911254
ESA
	Observation 1: Handheld have been assumed with only one RX-branch, therefore only one linearized antenna element having 3dB polarization loss.
Observation 2: Handheld have been assumed with only one TX-branch and a single antenna element, therefore 3dB polarization loss has been considered at the input of the circular-based satellite receiving antenna.
Proposal 1: For Ka-band analysis, the equivalent satellite antenna aperture shall be scaled by 2/3 in order to get the same radiation pattern.
Proposal 2: Consider all shown CDFs for the inclusion in the calibration exercise among all companies.

	R1-1911218
Nokia
	Observation 1: Inter-cell interference mitigation may be beneficial in NTN. 
Proposal 1: Capture the calibration results above into TR 38.821.
Proposal 2: Capture the link budget analysis results in Table 1 and Table 2 into TR 38.821.
Observation 2: In Ka-band, if UE uses shift operation to obtain UL Tx carrier frequency from DL synchronized frequency, then the Doppler shift is smaller.

	R1-1911214
Nomor
	Proposal 1: 	In case of FRF=1, use a bandwidth per beam of 30MHz for S-band and 400MHz and 300MHz for K-band for system level simulations.
Proposal 2: 	In case of FRF=2 use a bandwidth per beam of 200MHz for Ka-band for system level simulations.
Proposal 3: 	In case of FRF=3 use a bandwidth per beam of 10MHz for S-band and 100MHz for Ka-band for system level simulations.

	R1-1911202
THALES
	Proposal : It is proposed to update Tables 6.1.1-1 and Tables 6.1.162 of TR38.821 as depicted in Section 2.1 of the document.
Proposal : It is proposed to update Section 6.1.3.1 of TR38.821 as depicted in Section 2.2 of the document.
Proposal : It is proposed to update Table 6.1.1-5 of TR38.821 as depicted in Section 2.3 of the document.
Proposal : It is proposed to update Sections 6.1.2 and 6.3 of TR38.821 as depicted in Section 2.4 of the document.

	R1-1911213
THALES
	Observation 1	Calibration results show that some trade-offs should be carried between the frequency reuse factor and the bandwidth available in order to optimize the system capacity.
Observation 2	For GEO study cases in S-Band involving handheld terminals, throughput performance is limited by the terminals’ RF capabilities.
Observation 3	The calibration results are representative of the CINR experienced at the input of one RX branch. In other words, the potential gain obtained after the coherent recombination of the multiple RX branches is not taken into account in the calibration results presented here.
Observation 4	The CINR values presented in the link budget analysis tends to be pessimistic but they are not representative of the worst case scenarios.
Observation 5	The link budget results are representative of the CINR experienced at the input of one RX branch. In other words, the potential gain obtained after the coherent recombination of the multiple RX branches is not taken into account in the ling budget results presented here.

Proposal 1	RAN1 WG should clarify the procedure to decide whether a beam should be discarded or not. In particular, it should be clarify if the beam is considered discarded when its Voronoï cell is not properly defined (i.e. boundless).
Proposal 2	RAN1 WG should clarify what should be done when the Voronoi cell associated to the only beam of interest is not properly defined (i.e. boundless).

	R1-1911113
Qualcomm
	Observation 1: The 2-rooted PRACH preamble design allows estimation of delay up to the CP duration and frequency offset up to half of the preamble bandwidth.

	R1-1911002
Panasonic
	

	R1-1910980
Ericsson
	Observation 1	For Ka-band GEO in both Case 1 and Case 2, the coupling loss ranges from ~104 dB to ~122 dB and is independent of frequency reuse option.
Observation 2	For Ka-band GEO in Case 1, the geometry SIR ranges from ~-3.8 dB to ~1.5 dB, demonstrating that with frequency reuse 1, interference could be a limiting factor for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.2 dB, demonstrating that noise effect is negligible in this interference-limited scenario.
Observation 3	For Ka-band GEO in Case 2, the geometry SIR ranges from ~7.6 dB to ~9.3 dB, demonstrating that with frequency reuse 3, interference is much mitigated (versus frequency reuse 1) for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~1.3 dB, demonstrating that noise effect is not negligible in this scenario.
Observation 4	For Ka-band LEO-600 in both Case 6 and Case 7, the coupling loss ranges from ~94 dB to ~100 dB and is independent of frequency reuse option.
Observation 5	For Ka-band LEO-600 in Case 6, the geometry SIR ranges from ~-3.8 dB to ~1.3 dB, demonstrating that with frequency reuse 1, interference could be a limiting factor for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.1 dB, demonstrating that noise effect is negligible in this interference-limited scenario.
Observation 6	For Ka-band LEO-600 in Case 6, the geometry SIR ranges from ~7.6 dB to ~9.3 dB, demonstrating that with frequency reuse 3, interference is much mitigated (versus frequency reuse 1) for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~1.3 dB, demonstrating that noise effect is not negligible in this scenario.
Observation 7	For S-band LEO-600 in both Case 9 and Case 10, the coupling loss ranges from ~122 dB to ~129 dB and is independent of frequency reuse option.
Observation 8	For S-band LEO-600 in Case 9, the geometry SIR ranges from ~-3.8 dB to ~1.3 dB, demonstrating that with frequency reuse 1, interference could be a limiting factor for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.1 dB, demonstrating that noise effect is negligible in this interference-limited scenario.
Observation 9	For S-band LEO-600 in Case 10, the geometry SIR ranges from ~7.6 dB to ~9.3 dB, demonstrating that with frequency reuse 3, interference is much mitigated (versus frequency reuse 1) for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.8 dB, demonstrating that noise effect is not negligible in this scenario.
Observation 10	For S-band LEO-1200 in both Case 14 and Case 15, the coupling loss ranges from ~128 dB to ~135 dB and is independent of frequency reuse option. Note that this range is 6 dB larger than the counterpart in S-band LEO-600, mainly due to the increased free-space pathloss.
Observation 11	For S-band LEO-1200 in Case 14, the geometry SIR ranges from ~-3.8 dB to ~1.3 dB, demonstrating that with frequency reuse 1, interference could be a limiting factor for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.1 dB, demonstrating that noise effect is negligible in this interference-limited scenario.
Observation 12	For S-band LEO-1200 in Case 15, the geometry SIR ranges from ~7.6 dB to ~9.3 dB, demonstrating that with frequency reuse 3, interference is much mitigated (versus frequency reuse 1) for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.8 dB, demonstrating that noise effect is not negligible in this scenario.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to prioritize LEO bent-pipe/transparent architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation.
Proposal 2	RAN1 to prioritize the use cases of eMBB, fixed wireless and backhauling in Rel-16 NTN.
Proposal 3	For UL power control setting for calibration, it is assumed that (1) handheld UE in S band transmits with 23 dBm power, equally distributed over the channel bandwidth of 360 kHz and that (2) VSAT UE in Ka band transmits with 33 dBm power, equally distributed over the channel bandwidth equal to the system bandwidth allocated to each beam divided by 10.
Proposal 4	The VSAT UE RX/TX beam should be configured to point directly towards the serving satellite.
Proposal 5	RAN1 to clarify the definition of “geometry SINR” and discuss if it should be one of the calibration metrics.
Proposal 6	RAN1 to re-examine the agreed BS and UE configurations and adjust parameters as appropriate.

	R1-1910745
Sony
	Proposal 1: Capture the SLS calibration results in Fig. 1-4 into TR 38.821.
Observation 1: For UL, large CNR can be achieved because VSAT UE has enough Tx power against channel bandwidth in study case 1,2,6,7. on the other hand, only small CNR can be achieved because handheld UE does not have enough Tx power against channel bandwidth in study case 9,10,14,15.
Observation 2: For UL in study case 1,2,6,7, larger CNR can be achieved when using option 2 than option 1 because channel bandwidth of option 2 is narrower than that of option 1.
Proposal 2: Capture the link budget results in table 1-4 into TR 38.821.

	R1-1910656
Intel Corporation
	Observation: 
The worst case differential delay for the agreed evaluation assumptions is lower comparing to the agreed maximum value for NTN deployment
Proposal: 
Capture the exact values of maximum differential delay and differential Doppler for PRACH link level evaluations (cases 1-3) according to the below table
	
	Elevation angle
	Differential delay (ms)

	UL Frequency offset (kHz)
(with compensation of common Doppler)
	Beam Set at satellite

	
	
	S-band
	Ka-band
	S-band
	Ka-band
	

	Case 1
	90 degree for LEO
	0.0062
	0.0015
	7.55
	56.70
	Set-2

	Case 2
	45 degree for LEO
	0.376
	0.221
	7.55
	56.70
	Set-2

	Case 3
	30 degree for LEO 
	0.884
	0.558
	7.55
	56.70
	Set-2

	
	10 degree for GEO
	5.225
	3.680
	[0]
	[0]
	Set-2




	R1-1910479
Samsung
	Observation 1: A remarkable performance degradation in the cell ID detection accuracy is observed if no pre-compensation of the Doppler shift is performed. The performance loss can be recovered by UE implementation, e.g. using a high complexity detector. 
Observation 2: Typical geometry SINR in NTN LEO is approximately 9 dB worse than conventional terrestrial networks.
Proposal 1: Capture the SLS results in TR 38.821. 
Proposal 2: Adopt the following template to capture companies’ LLS results for DL synchronization in TR 38.821. 
	Source X
Carrier frequency: [2 GHz or 20 GHz]; 
Satellite type: [GEO or LEO at 600 km or LEO at 1200 km]; 
Channel model: [TDL or CDL model]; 
SCS of SSB: [15 kHz or 30 kHz or 120 kHz or 240 kHz]; 
UE speed: [3 km/h or 0 km/hr or 1000 km/h];
Frequency offset: [with or without Doppler shift pre-compensation];
[Any other evaluation assumption company would like to clarify].

	SNR (dB)
	PCID accuracy
	CDF (%)
	timing residual offset (# samples)
	CDF (%)
	frequency residual offset (ppm)

	-10
	
	0
	
	0
	

	-9
	
	10
	
	10
	

	-8
	
	20
	
	20
	

	-7
	
	30
	
	30
	

	-6
	
	40
	
	40
	

	-5
	
	50
	
	50
	

	-4
	
	60
	
	60
	

	-3
	
	70
	
	70
	

	-2
	
	80
	
	80
	

	-1
	
	90
	
	90
	

	0
	
	100
	
	100
	




	R1-1910362
ZTE
	Observation 1: Significant improvement on the SINR can be achieved in NTN with frequency reuse factor>1;
Observation 2: Performance degradation occurs for the cases with satellite configuration set-2 comparing to set-1;
Observation 3: In DL, promising SINR can be achieved for GEO and LEO with VSAT and handheld, respectively.
Observation 4: Limited link budget for GEO with handheld is achieved with both satellite configuration set-1 and 2.
Observation 5: For the cases with FRF=1, the link budget is impacted by the interference, but with FRF=2 or 3, the DL performance is noise limited.
Observation 6: Poor link budget is achieved for GEO with handheld terminal.
Observation 7: Enhancements for UL coverage should be considered to improve the UL performance, especially for 
Proposal 1: Capturing the attached calibration results into TR38.821.	
Proposal 2: Capturing the attached link budget results into TR38.821.

	R1-1910336
CATT
	Observation1: The CNR of UL and DL is mismatched, where the underlying reason is that UL EIRP is constant regardless the distance change.
Observation2: When FR factor=1, the CNIR performance is far worse than that of CNR.
Proposal 1: Propose to modify UE transmission parameters to align CNR of DL and UL.
Proposal 2: Suggest not using frequency reuse factor 1 in NTN scenario.

	R1-1910062
Huawei
	Proposal 1: Uniformly random UE dropping on the earth sphere is adopted for SLS.
Observation 1: Reference satellite constellations for different scenarios are required for multi-satellite simulation.
Observation 2: To avoid large path loss variation, the minimum elevation angle can be set to 30 degree for LEO, and 10 degree for GEO, in the satellite reference constellation design.
Observation 3: To simplify the constellation design and have full coverage of the earth, the constellations can be assumed to be walker star constellation and the inclination can be set to 87.5 degree.
Observation 4: Reference constellation defined in Table 3.2 can be considered for Set-1 satellite parameters in multi-satellite SLS.
Observation 5: Reference constellation defined in Table 3.3 can be considered for Set-2 satellite parameters in multi-satellite SLS. 
Observation 6: 2-layer edge beams or 25 corner beams can be used for system simulation calibration and evaluation of multi-satellite cases.
Observation 7: For multiple satellite cases, 61 beams with highest interference power used for interference calculation is enough and 127 can be chosen for FRF=2 or 3.
Observation 8: The beam layout definition in Table 3.4 can be considered as the starting point for multiple satellites SLS.
Observation 9: The cases listed in Table A.1 can be considered for multiple satellite SLS calibration with case 4, case 5, case 21 and case 23 as the first priority.
Observation 10: The parameters listed in Table A.2 and Table A.3 can be considered for multiple satellite SLS calibration.

	R1-1909981
Mediatek
	Observation 1: For [LEO-600, S-band], for 80% percentile UE, we have 8.6 dB SINR gain by using FRF = 3 instead of FRF = 1 deployment. In average, we have 7.78 dB SINR gain by using FRF = 3 in comparison with FRF = 1.  However, there is no significant difference between throughput distributions of FRF = 3 and FRF = 1
Observation 2: For [LEO-1200, S-band], for 80% percentile UE, we have 8.24 dB SINR gain by using FRF = 3 instead of FRF = 1 deployment. In average, we have 7.62 dB SINR gain by using FRF = 3 in comparison with FRF = 1.  Again, there is no significant difference between throughput distributions of FRF = 3 and FRF = 1
Observation 3: For [LEO-1200, S-band], with FRF 1, approximately 68% of UEs are with SINR ≤-2 dB. These UEs are unlikely to get much throughput due to poor synchronization, AFC, and channel estimation. In addition, such UEs may suffer high latency if many HARQ re-transmissions are required
Proposal 1: The concept of BWP can be used for frequency resource allocation among NTN beams. Network may configure a specific active BWP for UEs in a beam (all UEs in a beam are associated with the same active BWP). Different beams may be associated with different active BWPs

	R1-1911223
Nokia
	Observation 1: The UE-specific differential delay in NTN can be estimated based on 2 parts: the first relying on UE positioning information and the second based on the the random access preamble.
Proposal 1:  Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 
Proposal 2: Study UE positioning techniques in NTN for Doppler pre-compensation.  
Proposal 3: Study UE positioning techniques in NTN for mobility support.  
Proposal 4: Study UE positioning techniques in NTN for country identification. 
Observation 2: With GNSS information, the network can identify the country the UE is located in, and the UE can derive Doppler information and delay information for Doppler compensation and delay compensation plus use the information for supporting mobility events.
Observation 3: Not all UEs support GNSS or may fake their GNSS position.
Observation 4: OTDOA does not function well for NTN networks.
Proposal 5: Study positioning methods in NTN SI in RAN1 with the consideration of additional requirements from RAN3.
Proposal 6: Include the track based positioning method for NTN into TR 38.821.
Proposal 7: Include the TOA based positioning method for NTN into TR 38.821.

	R1-1910366
ZTE
	Observation 1: Fasting beam quality degradation will appear within the several seconds, which is not impractical for handover-alike operation.
Observation 2: Existing requirements on the measurement accuracy is not sufficient to support the timely beams management in NTN system.
Observation 3: Comparable PAPR can be achieved via DFT-S-OFDM to the traditional DVB system for NTN. 
Proposal 1: The one to X (X>1) mapping between the satellite cell and beams are preferred.
Proposal 2: Extension of supported number of SSB for S-band in NTN can be considered.
Proposal 3: Additional enhancements can be considered to enhance the beam management if stricter requirement on the measurement accuracy cannot be achieved in NTN.
Proposal 4: Reuse the waveform design in existing NR should be considered for NTN.

	R1-1911117
Qualcomm
	Proposal 1: Study the feasibility and impacts on specification and implementation of the following mechanisms for reducing initial search time:
•	increased synchronization raster size, and
•	pre-compensate the Doppler shift of the beam center in SSB transmissions.
Proposal 2: Study and support enhanced intra-satellite cell handover and beam switch including both network and UE initiated handover and beam switch.

	R1-1910984
Ericsson
	In this contribution, we discuss PAPR reduction methods. We present results for a simple approach where the signal is clipped and filtered. We show that a reduction in PAPR by 5 dB is achievable with limited impact on the link level performance of a QPSK modulated PRB. We believe that this shows that proprietary means can provide the PAPR reduction desired in an NTN, and that 3GPP RAN1 should refrain from specifying methods beyond the already existing ones for reducing the NR PAPR.
We also discuss RSRP and RSRQ measurements. We focus on the GEO NTN case and the initial system level simulation traces presented. It is concluded that RAN1 needs to study measurement ranges and needed accuracy levels to determine if existing metrics are sufficient to provide support for robust mobility in an NTN.
We made the following observations and proposals:
Observation 1	3GPP implicitly supports proprietary means of limiting the PAPR through the specified EVM levels and through the specified performance requirements
Observation 2	There is a dependency between code rate and modulation order and acceptable level of PAPR compression.
Observation 3	Proprietary methods are needed to support an efficient handling of the PAPR. To specify methods that efficiently and in a flexible manner can cope with all supported NR signal configurations will be challenging.
Observation 4	In a GEO NTN the relative RSRP measurement accuracy needs to be within a limited range to facilitate efficient mobility. RAN1 should study the expected RSRP measurement accuracy achievable in an NTN.
Observation 5	In a GEO NTN the high path loss may, unless compensated for by the satellite output power and/or UE noise figure, impact the RSRP and RSRQ measurement. RAN1 should study the expected RSRP/RSRQ measurement ranges needed in an NTN and determine if the existing ranges are sufficient.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to leave PAPR compression up to implementation.

	R1-1910397
Huawei, HiSilicon
	Based on the discussion in the previous sections, we made the following observations:
Observation 1: The cell measurement for NR mobility management (e.g., handover) is executed based on signal strength related parameters.
Observation 2: The near-far effect is not clearly exhibited in NTN compared with terrestrial network.
Observation 3: In an LEO based NTN cell, UEs with similar received signal strength can have distinct mobility management requirement.
Observation 4: Besides signal strength related physical layer measurements, other measurements can be exploited to enhance network mobility management. 
Observation 5: For different network scenarios (e.g., scenario A, C2 and D2), suitable combination of parameters (e.g., position and signal strength) should be chosen to facilitate efficient cell measurements. 
Observation 6: High PAPR of CP-OFDM signals would reduce the system BER performance because of non-linear distortions, and the power amplifier efficiency because of the large IBO for power-limited satellites in NTN.
Observation 7: Considering the trade-off between PAPR reduction and other performance, some criteria, e.g. PAPR reduction capability, BER performance, data rate and implementation complexity, should be considered before choosing a specific PAPR reduction technique for NTN.
Observation 8: The HPA power efficiency can be improved with PAPR reduction techniques at the cost of some other performance loss for NTN.
Observation 9: The PAPR reduction algorithm, which has smaller changes to 5G NR radio protocols, can be considered prior to others.
Observation 10: For GEO (set 1 in S-band, set 2 in S and Ka-band), partial coverage of central beams are outside the earth with 10°elevation.
Observation 11: UL transmission of handheld UE is challenging with high satellite orbit.
Observation 12: VSAT has better link-budgets in general (most are above 0dB and half are above 10dB) 
Proposal 1: Capture the link budget analysis results in this contribution into TR.

	R1-1910340
CATT
	Proposal 1: GNSS positioning capability should be one baseline assumption in NTN system design. 
Proposal 2: NTN UE should own ephemeris information processing capability. 	
Proposal 3: Define separate UE capability for NTN UE.

	R1-1909985
MediaTek
	Observation 1: There is unbalance between UL and DL link budget observed for LEO and GEO scenarios
Observation 2: With set 1 parameters, the UL link budget is not sufficient for GEO.
Proposal 1: Includes the formulas for max UEs per beam spot and UE density per km2 in TR 38.811
max UEs per beam spot=max⁡〖data rate in beam spot〗/(activity factor × experience data rate )

UE density per 〖km〗^2=max⁡〖UEs per beam spot〗/(π×〖beam spot radius〗^2 )  
Observation 3: Smaller UL BW per UE improves C/N value in all scenarios. 
Observation 4: NB-IoT radio access technology can provide relatively improved link budget in UL compare to New Radio radio access technology due to narrow band operations.

	R1-1911441 
(Revision of R1-1910980)
Ericsson
	In the previous sections, we discuss NTN link level and system level evaluations. We made the following observations: 
Observation 1	For Ka-band GEO in both Case 1 and Case 2, the coupling loss ranges from ~104 dB to ~122 dB and is independent of frequency reuse option.
Observation 2	For Ka-band GEO in Case 1, the geometry SIR ranges from ~-3.8 dB to ~1.5 dB, demonstrating that with frequency reuse 1, interference could be a limiting factor for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.2 dB, demonstrating that noise effect is negligible in this interference-limited scenario.
Observation 3	For Ka-band GEO in Case 2, the geometry SIR ranges from ~7.6 dB to ~9.3 dB, demonstrating that with frequency reuse 3, interference is much mitigated (versus frequency reuse 1) for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~1.3 dB, demonstrating that noise effect is not negligible in this scenario.
Observation 4	For Ka-band LEO-600 in both Case 6 and Case 7, the coupling loss ranges from ~94 dB to ~100 dB and is independent of frequency reuse option.
Observation 5	For Ka-band LEO-600 in Case 6, the geometry SIR ranges from ~-3.8 dB to ~1.3 dB, demonstrating that with frequency reuse 1, interference could be a limiting factor for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.1 dB, demonstrating that noise effect is negligible in this interference-limited scenario.
Observation 6	For Ka-band LEO-600 in Case 6, the geometry SIR ranges from ~7.6 dB to ~9.3 dB, demonstrating that with frequency reuse 3, interference is much mitigated (versus frequency reuse 1) for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~1.3 dB, demonstrating that noise effect is not negligible in this scenario.
Observation 7	For S-band LEO-600 in both Case 9 and Case 10, the coupling loss ranges from ~122 dB to ~129 dB and is independent of frequency reuse option.
Observation 8	For S-band LEO-600 in Case 9, the geometry SIR ranges from ~-3.8 dB to ~1.3 dB, demonstrating that with frequency reuse 1, interference could be a limiting factor for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.1 dB, demonstrating that noise effect is negligible in this interference-limited scenario.
Observation 9	For S-band LEO-600 in Case 10, the geometry SIR ranges from ~7.6 dB to ~9.3 dB, demonstrating that with frequency reuse 3, interference is much mitigated (versus frequency reuse 1) for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.8 dB, demonstrating that noise effect is not negligible in this scenario.
Observation 10	For S-band LEO-1200 in both Case 14 and Case 15, the coupling loss ranges from ~128 dB to ~135 dB and is independent of frequency reuse option. Note that this range is 6 dB larger than the counterpart in S-band LEO-600, mainly due to the increased free-space pathloss.
Observation 11	For S-band LEO-1200 in Case 14, the geometry SIR ranges from ~-3.8 dB to ~1.3 dB, demonstrating that with frequency reuse 1, interference could be a limiting factor for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.1 dB, demonstrating that noise effect is negligible in this interference-limited scenario.
Observation 12	For S-band LEO-1200 in Case 15, the geometry SIR ranges from ~7.6 dB to ~9.3 dB, demonstrating that with frequency reuse 3, interference is much mitigated (versus frequency reuse 1) for a fully loaded LEO system. Comparing geometry SIR to geometry SINR, the difference at 50th percentile is within ~0.8 dB, demonstrating that noise effect is not negligible in this scenario.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to prioritize LEO bent-pipe/transparent architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation.
Proposal 2	RAN1 to prioritize the use cases of eMBB, fixed wireless and backhauling in Rel-16 NTN.
Proposal 3	For UL power control setting for calibration, it is assumed that (1) handheld UE in S band transmits with 23 dBm power, equally distributed over the channel bandwidth of 360 kHz and that (2) VSAT UE in Ka band transmits with 33 dBm power, equally distributed over the channel bandwidth equal to the system bandwidth allocated to each beam divided by 10.
Proposal 4	The VSAT UE RX/TX beam should be configured to point directly towards the serving satellite.
Proposal 5	RAN1 to clarify the definition of “geometry SINR” and discuss if it should be one of the calibration metrics.
Proposal 6	RAN1 to revise the GEO elevation angle from 10 to 12.5 degrees for the link budget system level simulations.
Proposal 7	RAN1 to revise the assumption on CP satellite RX in case of 1- and 3-frequency reuse and handheld UE, and instead assume a LP satellite RX using cross polarized antenna elements.
Proposal 8	RAN1 to re-examine the agreed BS and UE configurations and adjust parameters as appropriate.

	R1-1911443
ZTE
	In this contribution, the preliminary calibration results and the link budget based on updated assumption are provided with following observations and proposals:
Observation 1: Significant improvement on the SINR can be achieved in NTN with frequency reuse factor>1;
Observation 2: Performance degradation occurs for the cases with satellite configuration set-2 comparing to set-1;
Observation 3: In DL, promising SINR can be achieved for GEO and LEO with VSAT and handheld, respectively.
Observation 4: Limited link budget for GEO with handheld is achieved with both satellite configuration set-1 and 2.
Observation 5: For the cases with FRF=1, the link budget is impacted by the interference, but with FRF=2 or 3, the DL performance is noise limited.
Observation 6: Poor link budget is achieved for GEO with handheld terminal.
Observation 7: Enhancements for UL coverage should be considered to improve the UL performance, especially for 
Proposal 1: Capturing the attached calibration results into TR38.821.	
Proposal 2: Capturing the attached link budget results into TR38.821.

	R1-1911446
Mediatek
	In this contribution, we discussed link budget of NR-NTN. We made the following observations and proposals.
Observation 1: There is unbalance between UL and DL link budget observed for LEO and GEO scenarios
Observation 2: With set 1 parameters, the UL link budget is not sufficient for GEO.
Proposal 1: Includes the formulas for max UEs per beam spot and UE density per km2 in TR 38.811
max UEs per beam spot=max⁡〖data rate in beam spot〗/(activity factor × experience data rate )

UE density per 〖km〗^2=max⁡〖UEs per beam spot〗/(π×〖beam spot radius〗^2 )  
Observation 3: Smaller UL BW per UE improves C/N value in all scenarios. 
Observation 4: NB-IoT radio access technology can provide relatively improved link budget in UL compare to New Radio radio access technology due to narrow band operations.
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