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0	Introduction
This document provides the way forward on co-existence study NR NTN enhancement work item in Rel-18.
1	Topic #1 Co-existence scenarios
1.1	Agreement
Following agreements have been made: 
1. Consideration of requirements defined in FCC rules and ITU-R Radio Regulations, resolutions and recommendations for NTN UE will discussed in UE RF part, [140] in this meeting. 
2. RAN4 can further discuss and address Off-axis EIRP requirements in UE RF requirements if needed. From generic co-existence study perspective, no need to consider such aspect. This issue will be further discussed and handled in thread [140].
3. For calibration phase, assuming FRF=1 with single polarization
· This assumption has no linkage/restriction on real network deployment
· Further discuss other values and the impact on co-existence study 
4. RAN4 to update the coexistence simulations TDoc with the simulation scope mentioned below.
	No.
	Combination
	Aggressor
	Victim
	Scope of Coexistence Simulation
	Study Phase

	1 
	TN with NTN
	NTN UL
	TN UL
	ACLR NTN UE to be varied/defined
ACS TN gNB fixed
	

	2
	TN with NTN
	TN UL
	NTN UL
	ACLR TN UE fixed
ACS NTN SAN to be varied/defined
	

	3
	TN with NTN
	NTN UL
	TN DL
	ACLR NTN UE to be varied/defined
ACS TN UE fixed
	

	4 
	TN with NTN
	TN DL
	NTN UL
	ACLR TN gNB fixed
ACS NTN SAN to be varied/defined
	

	5
	TN with NTN
	TN DL
	NTN DL
	ACLR TN gNB fixed
ACS NTN UE to be varied/defined
	

	6
	TN with NTN
	NTN DL
	TN DL
	ACLR NTN SAN to be varied/defined
ACS TN UE fixed
	

	7
	TN with NTN
	NTN DL
	TN UL
	ACLR NTN SAN to be varied/defined
ACS TN gNB fixed
	

	8
	TN with NTN
	TN UL
	NTN DL
	ACLR TN UE fixed
ACS NTN UE to be varied/defined
	

	NOTE 1: For coexistence between Ka-Band DL and adjacent TN bands, there are no 3GPP defined/specified TN bands.



5. Use TN urban macro scenarios (and no TN dense urban) for the calibration and the coexistence analysis with NTN in above 10 GHz.
1.2	Open issues
N/A
2	Topic #2 Network layout model
2.1	Agreement
Following agreements have been made: 
1. Drop NTN UE inside the TN cluster as a starting point as the worst case.
2. Active ratio of TN (Urban) is 20%
3. 90 degree will be used as Elevation angle of NTN UE. Further discuss other values including 10, 30 etc. 
4. To simplify the discussion on joint issues 2-3, 2-4 & 3-1, consider following approaches for the deployment of NTN UE and satellite
a) The Satellite should be generated in the visible area/sky of NTN UE;
b) NTN UEs point to the satellite accurately or with a deviation provided by satellite vendors;
· To simplify the work in calibration phase, NTN UEs point to the satellite accurately without any deviations.
· Further discuss the deviation for co-existence simulation, satellite vendors and operators are encouraged to provide a vertical angle value and a deviation value.
c) The position of the satellite should guarantee that NTN UE vertical angle towards the satellite is with certain value(s) or within the range of [10, 20, 30 or other numbers] degree to 90 degree;
· For calibration, use 30 degree and 90 degree instead of the range.
· Further discuss the range and/or the value for co-existence simulation.
d) Horizontal angle of NTN UEs should be calculated based on the satellite position
2.2	Open issues
Issue 2-4 Deployment Table
· Proposals
· Option 1: See Annex 1
· Option 2: See Annex 1 
· Option 3: See Annex 1
· Recommended WF
· Pending on discussion on Issue 2-3 & Issue 3-1

3	Topic #3 System parameters
3.1	Agreement
Following agreements have been made: 
1. Take 5.9 dB as the Noise Figure for all Satellite types for calibration purpose. 
2. Use following NTN Ka-band uplink parameters:
Ka-Band DownLink (i.e. ~17 GHz for DL) for different satellite orbits
	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m) 
	5,9
	0,6
	0,6

	Satellite EIRP density (dBW/MHz)
	40
	10
	4

	Satellite Tx max Gain (dBi)
	58,5
	38,5
	38,5



3. For NTN UE Noise Figure, take 4 dB for calibration purpose only and further discuss the value for co-existence simulation.
4. Use the following parabolic antenna model for SAN and NTN UE

With:
  is the Bessel function of first type and  order with argument x
 is the angle in a  spherical coordinates system,

D: Antenna diameter
[bookmark: _GoBack]: Wavelength
5. Focus on circular aperture antenna pattern on SAN side and Ka Band NTN UE side from co-existence study perspective 
· FFS whether and how to consider phased array antenna pattern
· Not preclude to consider phased array antenna pattern in the future if needed
6. Prioritized L-ESIM and fixed VSAT scenarios for NTN-TN coexistence studies above 10 GHz.
7. Use following TN parameters 
· TN BS height is 25m
· TN BS NF: 10dB
· TN UE NF: 10dB
8. Use TR 38.803 for TN parameters related to calibration and coexistence analysis with NTN in above 10 GHz.
9. NTN UE antenna will be set to follow serving satellite in horizontal for simulation.
3.2	Open issues
Issue 3-2-1: NTN SAN UL parameters – NF
· Proposals
· Option 1: 3.5
· Option 2: 5.9
· Option 3: Other values
· Recommended WF
· Pause the discussion by this meeting
· Companies are encouraged to bring more technical analysis for this issue

Issue 3-4-1: NTN UE parameters - NF
· Proposals: 
· Option 1: 2.1 dB (baseline assumption)
· Option 2: 5.9 dB
· Option 3: Other values
· Recommended WF
· Further discuss the value for co-existence simulation. 

4	Topic #4 Evaluation methodology
4.1	Agreement
1. Use following models for calibration. Further discuss models for co-existence simulation.
	Link
	Propagation model

	TN BS to Fixed VSAT on roof
	Free space path loss

	TN BS to L-ESIM at 1.5 m
	UMa as in 3GPP TR 38.803

	TN BS to TN UE
	UMa as in 3GPP TR 38.803

	TN UE to Fixed VSAT on roof
	UMa as in 3GPP TR 38.803 (BS is to be replaced with VSAT)

	TN UE to L-ESIM
	Umi 

	Satellite to TN BS/UE
	3GPP TR 38.821

	Satellite to VSAT/ESIM
	3GPP TR 38.821

	TN BS to Satellite
	3GPP TR 38.821

	Note1: For the propagation models which use the 3GPP TR 38.821 [3], to use same assumptions as in [3] and consider the atmospheric losses and the scintillation losses.
Note2: TN BS height is 25m



2. To use 1 UE for both TN and NTN in the DL and 10 UEs for NTN and 1 UEs for TN in the UL. Further discuss ACLR2 for above 10GHz band.
4.2	Open issues
Issue 4-2: ACLR modelling
· Proposals
· Option 1 (Qualcomm): 
· To use clause 5.1.1.4.1 and 5.1.1.4.2 as in 3GPP TR 36.942 as baseline for the ACLR modelling. 
· Option 2 (Huawei): RAN4 further discuss how much value the ACLR2 for Ka band UE is higher than ACLR1.
· Recommended WF
· FFS

5	Topic #5 Initial results and calibration
5.1	Agreement
Following agreements have been made: 
1. RAN4 to start the calibration for the Ka-band NTN coexistence study. Coupling loss and geometry SINR in different scenarios should be calibrated.
· According to the approved work plan, the calibration phase shall be concluded before August meeting. 
· RAN4 target to finalize the simulation results collection activity in 2023 RAN4 October meeting.
· A calibration table will be provided by Samsung
2. Calibration table can be found in R4-2305929.
3. Assumptions for NTN co-existence study in above 10GHz bands agreed till this meeting have been captured in R4-2305930.
5.2	Open issues
N/A

Annex 1 Consideration of Network and UE deployment
· Option 1(Ericsson): NTN UE in TN cluster
	No.
	Combination
	Aggressor
	Victim
	Which NTN cell/UE to observe? 
	Which TN/UE to observe?
	Which TN cells in a TN to observe?

	1
	TN with NTN
	TN DL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped in TN clusters.
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beam
	
Only the active TN clusters which contain the NTN UE(s).



	2
	TN with NTN
	TN UL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped in TN clusters
	Consider an active rate of 20% for TN.
	Only the active TN cells in central NTN beam



	3
	TN with NTN
	NTN DL
	TN DL
	NTN cell:
Nadir point.

NTN UE:
NTN UEs dropped in TN clusters, close by TN UEs.
	TN clusters randomly placed in this NTN beam
	All in central NTN beam

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (to be further discussed for GEO and LEO，interested companies can bring analysis and results for other values)

NTN UE:
NTN UEs dropped in TN clusters, close by TN UEs.
	TN clusters randomly placed in this NTN beam
	



	4
	TN with NTN
	NTN UL
	TN UL
	NTN cell:
Nadir point.

NTN UE:
NTN UEs dropped in TN clusters, close by TN BS.
	TN randomly placed in this NTN beam
	Only the active TN clusters which contain NTN UE(s) .



	5
	TN with NTN
	NTN UL
	TN DL
	NTN cell: 
Nadir point

NTN UE:
NTN UEs dropped in TN clusters, close by TN UEs.
	TN clusters randomly placed in this NTN beam
	All active TN clusters which contain NTN UE(s)

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (to be further discussed for GEO and LEO，interested companies can bring analysis and results for other values).

NTN UE:
NTN UEs dropped in TN clusters, close by TN UEs.
	TN clusters randomly placed in this NTN beam
	Only the active TN clusters which contain NTN UE(s).



	6
	TN with NTN
	TN DL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE NTN UEs dropped in TN clusters
	Consider the active rate of 20% for TN.
	All active TN cells in central NTN beam



	7
	TN with NTN
	NTN DL
	TN UL
	NTN cell: 
Nadir point

NTN UE:
NTN UEs dropped in TN clusters, close by TN BS.
	TN clusters randomly placed in this NTN beam
	Only the active TN clusters which contain NTN UE(s)

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (to be further discussed for GEO and LEO，interested companies can bring analysis and results for other values).

NTN UE:
NTN UEs dropped in TN clusters, close by TN BS.
	TN clusters randomly placed in this NTN beam
	Only the active TN clusters which contain NTN UE(s).



	8
	TN with NTN
	TN UL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped in TN clusters
	Consider the active rate of 20% for TN.
	All active TN cells in central NTN beam





· Option 2 (Huawei, HiSilicon): 
	Combination
	Aggressor
	Victim
	Which NTN cell/UE to observe? 
	Which TN/UE to observe?
	Which TN cells in a TN to observe?

	TN with NTN
	NTN UL
	TN UL
	NTN cell:
Nadir point.

NTN UE:
Option 1: NTN UEs dropped at the edge of TN clusters (NTN UE outside of the TN cluster)
Option 2: NTN UEs dropped in TN clusters (NTN UE inside TN cluster)
Option 3: NTN UEs dropped in or at the edge of TN clusters with a possibility (Random number). FFS on possibility.
	TN randomly placed in this NTN beam
	Option 1: All active TN clusters which has the NTN UE(s) at its edge.
Option 2: Only the active TN clusters which contain the NTN UE(s).
Option 3: All active TN clusters no matter whether the NTN UE(s) is (are) included in the TN cluster or at the edge of TN clusters.


	TN with NTN
	TN UL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Follow case 1.
	Consider an active rate of [20%] for TN.
	All active TN cells in central NTN beam

	TN with NTN
	NTN UL
	TN DL
	NTN cell: 
Nadir point

NTN UE:
Follow case 1.
	TN clusters randomly placed in this NTN beam
	Follow case 1.

	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
Follow case 1.
	TN clusters randomly placed in this NTN beam
	Follow case 1.

	TN with NTN
	TN DL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Follow case 1.
	Consider the active rate of [20%] for TN.
	Follow case 1.

	TN with NTN
	TN DL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Option 1: NTN UEs dropped at the edge of TN clusters (NTN UE outside of the TN cluster)
Option 2: NTN UEs dropped in TN clusters (NTN UE inside TN cluster)
Option 3: NTN UEs dropped in or at the edge of TN clusters with a possibility (Random number). FFS on possibility.
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beam
	
Option 1: All active TN clusters which has the NTN UE(s) at its edge.
Option 2: Only the active TN clusters which contain the NTN UE(s).
Option 3: All active TN clusters no matter whether the NTN UE(s) is (are) included in the TN cluster or at the edge of TN clusters.


	TN with NTN
	NTN DL
	TN DL
	NTN cell:
Nadir point.

NTN UE:
Follow case 5 conclusion
	TN clusters randomly placed in this NTN beam
	All in central NTN beam

	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values)

NTN UE:
Follow case 5 conclusion
	
	

	TN with NTN
	NTN DL
	TN UL
	NTN cell: 
Nadir point

NTN UE:
Follow case 5 conclusion
	TN clusters randomly placed in this NTN beam
	All in central NTN beam 

	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
Follow case 5 conclusion
	
	

	TN with NTN
	TN UL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Follow case 5 conclusion. 
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beam
	Follow case 5 conclusion 





Option 3 (Samsung):
NTN UE outside TN cluster
	No.
	Combination
	Aggressor
	Victim
	Which NTN cell/UE to observe? 
	Which TN/UE to observe?
	Which TN cells in a TN to observe?

	1
	TN with NTN
	TN DL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped at the edge of TN clusters
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beam
	
All active TN clusters which has the NTN UE(s) at its edge.



	2
	TN with NTN
	TN UL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped at the edge of TN clusters
	Consider an active rate of 20% for TN.
	All active TN cells in central NTN beam



	3
	TN with NTN
	NTN DL
	TN DL
	NTN cell:
Nadir point.

NTN UE:
NTN UEs dropped outside or at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All in central NTN beam

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values)

NTN UE:
NTN UEs dropped outside or at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	



	4
	TN with NTN
	NTN UL
	TN UL
	NTN cell:
Nadir point.

NTN UE:
NTN UEs dropped at the edge of TN clusters
	TN randomly placed in this NTN beam
	All active TN clusters which have the NTN UE(s) at its edge.



	5
	TN with NTN
	NTN UL
	TN DL
	NTN cell: 
Nadir point

NTN UE:
NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All active TN clusters which have the NTN UE(s) at its edge

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All active TN clusters which have the NTN UE(s) at its edge.



	6
	TN with NTN
	TN DL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped outside or at the edge of TN clusters
	Consider the active rate of 20% for TN.
	All active TN cells in central NTN beam



	7
	TN with NTN
	NTN DL
	TN UL
	NTN cell: 
Nadir point

NTN UE:
NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All active TN clusters which have the NTN UE(s) at its edge

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All active TN clusters which have the NTN UE(s) at its edge.



	8
	TN with NTN
	TN UL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped outside or at the edge of TN clusters
	Consider the active rate of 20% for TN.
	All active TN cells in central NTN beam



NTN UE inside TN cluster
	No.
	Combination
	Aggressor
	Victim
	Which NTN cell/UE to observe? 
	Which TN/UE to observe?
	Which TN cells in a TN to observe?

	1
	TN with NTN
	TN DL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped in TN clusters
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beam
	
Only the active TN clusters which contain the NTN UE(s).



	2
	TN with NTN
	TN UL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped in TN clusters
	Consider an active rate of 20% for TN.
	Only the active TN cells in central NTN beam



	3
	TN with NTN
	NTN DL
	TN DL
	NTN cell:
Nadir point.

NTN UE:
NTN UEs dropped in TN clusters
	TN clusters randomly placed in this NTN beam
	All in central NTN beam

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，interested companies can bring analysis and results for other values)

NTN UE:
NTN UEs dropped in TN clusters
	TN clusters randomly placed in this NTN beam
	



	4
	TN with NTN
	NTN UL
	TN UL
	NTN cell:
Nadir point.

NTN UE:
NTN UEs dropped in TN clusters
	TN randomly placed in this NTN beam
	Only the active TN clusters which contain NTN UE(s) .



	5
	TN with NTN
	NTN UL
	TN DL
	NTN cell: 
Nadir point

NTN UE:
NTN UEs dropped in TN clusters
	TN clusters randomly placed in this NTN beam
	All active TN clusters which contain NTN UE(s)

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，interested companies can bring analysis and results for other values).

NTN UE:
NTN UEs dropped in TN clusters
	TN clusters randomly placed in this NTN beam
	Only the active TN clusters which contain NTN UE(s).



	6
	TN with NTN
	TN DL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE NTN UEs dropped in TN clusters
	Consider the active rate of 20% for TN.
	All active TN cells in central NTN beam



	7
	TN with NTN
	NTN DL
	TN UL
	NTN cell: 
Nadir point

NTN UE:
NTN UEs dropped in TN clusters
	TN clusters randomly placed in this NTN beam
	Only the active TN clusters which contain NTN UE(s)

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，interested companies can bring analysis and results for other values).

NTN UE:
NTN UEs dropped in TN clusters
	TN clusters randomly placed in this NTN beam
	Only the active TN clusters which contain NTN UE(s).



	8
	TN with NTN
	TN UL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped in TN clusters
	Consider the active rate of 20% for TN.
	All active TN cells in central NTN beam




