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1. Introduction
In RAN4#101-bis, a text proposal for TR 38.863 regarding HAPS coexistence study [1] was agreed. In the meanwhile, some agreements were made in HAPS coexistence simulation assumptions [2]. The new agreements have been added to the latest HAPS coexistence simulation assumption document [3], but have not been incorporated in the TR 38.863. This contribution includes the latest agreed simulation assumptions of the previous agreed TP [1] as well as repeating the agreed changes as they have not been correctly captured after the previous meeting in the TR. The results included in this TP is based on agreed summary document [4].
2. Text proposal 
[bookmark: _Toc87889226][bookmark: _Toc87951963][bookmark: _Toc87889237][bookmark: _Toc87951974][bookmark: _Toc79091613]******************************* Start of TP ***************************************
2	Reference
[xx]		SoftBank, Loon LLC, Nokia, Ericsson, “Proposed deployment and system characteristics of HIBS in the working document towards a preliminary draft new Report ITU-R M.[HIBS-CHARACTERISTICS],” ITU WP-5D contribution, Sep. 28, 2020

**************************** Unchanged Section Omitted ****************************

[bookmark: _Toc87889238][bookmark: _Toc94170339][bookmark: _Toc94298489][bookmark: _Toc87889242][bookmark: _Toc87951979]6.1	Co-existence simulation scenario 
**************************** Unchanged Section Omitted ****************************
Scenarios for coexistence study are listed in Table 6.1-1. 
Table 6.1-1 Scenarios for NTN-NTN/TN co-existence
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]FR1: 2GHz
	NTN1,4,5
	
HAPS

	
	Set 1
	Set 22
	

	
	GEO3
	LEO 600km
	LEO 1200km
	GEO
	LEO 600km
	LEO 1200km
	

	NR / NB-IoT
	Rural
	X
	X
	X
	X
	X
	X
	FFSX

	
	Urban macro
	X
	X
	X
	X
	X
	X
	FFSX

	
	Dense Urban6
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	FFSN/A

	HAPS
	N/AFFS
	N/AFFS
	N/AFFS
	N/AFFS
	N/AFFS
	N/AFFS
	FFSX

	[Note 1:	Start with Earth Fixed beam first, Earth Moving Beams could be further discussed
[Note 2:	Use Set 1 satellite antenna as the starting point for co-existence study. Set 2 might be used if any worst case in associate with Set 2 is found. ]
Note 3:	GEO and LEO only operate at adjacent channel.
Note 4:	Use GEO and LEO@600km when TN is victim. 
Note 5:	The satellite to satellite coexistence scenarios are not in the scope of this study considering this is already addressed by ITU (ITU RR Article 9 etc.) and regional regulations (e.g. FCC rules).
[Note 6:	Rationale to exclude Dense Urban to be addressed in TR 38.863.] 



The aggressor and victim combination is listed in Table 6.1-2.
Table 6.1-2 Aggressor and victim 
	[bookmark: OLE_LINK6]No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1
	TN with NTN
	TN DL
	NTN DL
	Applicable for satellite operating in e.g. S-band, for e.g. coexistence with n1 FDD.
	Phase 1

	2
	TN with NTN
	TN UL
	NTN UL
	Applicable for satellite operating in e.g. S-band, for e.g. coexistence with n1 FDD.
	Phase 1

	3
	TN with NTN
	NTN DL
	TN DL
	Applicable for satellite operating in e.g. S-band, for e.g. coexistence with n1 FDD.
	Phase 1

	4
	TN with NTN
	NTN UL
	TN UL
	Applicable for satellite operating in e.g. S-band, for e.g. coexistence with n1 FDD.
	Phase 1

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S-band, for e.g. coexistence with n34 TDD. 
	Phase 1

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S-band, for e.g. coexistence with n34 TDD. 
	Phase 1

	7
	NTN with NTN
	NTN DL
	NTN DL
	HAPS-HAPS
	Phase 2

	
	
	NTN UL
	NTN UL
	HAPS-HAPS
	Phase 2



The frequency and bandwidth are listed in table 6.1-3.
Table 6.1-3.  Proposed frequency and bandwidth for co-existence study
	
	Frequency
	Bandwidth
	Duplex mode
	Frequency reuse factor

	TN Rural
	2 GHz
	20MHz
	FDD, TDD
	1

	TN Urban macro
	2 GHz
	20MHz
	FDD, TDD
	1

	GEO
	2 GHz
	5/10/15/20 MHz for FR1
	FDD
	1, 31

	LEO
	2 GHz
	5/10/15/20 MHz for FR1
	FDD
	1, 31

	HAPS
	2 GHz
	20MHzTBD
	FDD
	[1]1

	Note 1:	2 phases will be considered for FRF: FRF=1 in phase 1 for simplification; FRF=3 in phase 2 or it is found FRF=1 is too stringent.



**************************** Unchanged Section Omitted ****************************
[bookmark: _Toc79091614]6.2	Co-existence simulation assumption
[bookmark: _Toc87889240][bookmark: _Toc87951977]6.2.1	Network layout model
[bookmark: _Toc87889241][bookmark: _Toc87951978]**************************** Unchanged Section Omitted ****************************
6.2.1.2	Co-existence between HAPS and TN
For simulations of HAPS and TN co-existence, a cluster of TN cells is randomly dropped in the HAPS coverage area as shown in Figure 6.2.1.2-1. The TN cell cluster consists of 19 sites, 57 sectors, with the same assumption described in Section 6.2.2.4. HAPS coverage and cell layout are described in Section 6.2.2.3. 
[image: ]
[bookmark: _Ref72747874]Figure 6.2.1.2-1 Simulation layout between HAPS and TN
6.2.1.3	Co-existence between HAPS and HAPS
HAPS and HAPS co-existence can be characterized by “center-to-center” inter-system distance (i.e., the distance between two coverage centers) as depicted in Figure 6.2.1.2-2. Since HAPS location is at the center of its coverage area, the inter-system distance is the separation of the two HAPS. Different inter-system distances may be simulated to evaluate the interference caused by antenna gain variation in the elevation domain.
[image: ]
Figure 6.2.1.2-2 Simulation layout between HAPS and HAPS

6.2.2	System parameters
**************************** Unchanged Section Omitted ****************************
[bookmark: _Toc87889245][bookmark: _Toc87951982][bookmark: _Toc87889247][bookmark: _Toc87951984]6.2.2.3	HAPS parameters
Using the antenna model in Section 6.2.3.3, HAPS deployed at 20 km altitude has a coverage radius of 100 km in a 7-cell layout. Two implementations of the layout are shown in Figure 6.2.2.3-1. The UEs in the HAPS system are assumed to be outdoor and uniformly distributed in the coverage area in the rural environment. The serving cell is selected by the strongest RSRP or least coupling loss. (Note: Calibration data show these two implementations yield similar results). HAPS system parameters for the co-existence study are listed in Table 6.2.2.3-1. 
For DL transmission, one UE is scheduled for the full bandwidth. For UL transmission, 9 UEs are scheduled, each using a bandwidth of 6 RBs. The scheduled UEs are evenly distributed in the frequency domain as shown in Figure 6.2.2.3-2. Note that the scheduled resources are aligned among different cells to model co-channel effect. Since the UE uses only part of the channel bandwidth in UL, the ACI impact may differ in the frequency domain of the adjacent channel. The ACIR model described in Section 6.2.4 should be used to model the ACI from aggressor UEs in UL, taking into account the UE’s transmission bandwidth.
	[image: Shape
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[bookmark: _Ref61200638]Figure 6.2.2.3-1 HAPS cell layout [Final layout TBD]
Table 6.2.2.3-1 HAPS system parameters
	HAPS altitude 
	20 Km

	Carrier frequency 
	2 GHz

	Frequency reuse factor
	1

	Duplex scheme
	FDD

	Channel bandwidth
	20 MHz

	Subcarrier spacing (SCS)
	15 KHz

	Number of cells
	7

	Coverage area (7 cells combined)
	A 100 Km radius circular area centered by the serving HAPS

	Frequency reuse 
	1

	Environment (Note1)
	Rural

	UE distribution
	Uniformly distributed in the coverage area

	Indoor UE percentage
	0%

	Number of DL scheduled UEs per cell
	1

	Number of UL scheduled UEs per cell
	9

	DL scheduled bandwidth per UE
	20 MHz

	UL scheduled bandwidth per UE
	6 RBs

	DL power control
	No

	UL power control
	See section 6,2.6.3

	HAPS antenna
	See section 6.2.3.3

	HAPS noise figure
	5 dB

	HAPS-UE pathloss model
	See section 6.2.5.4

	HAPS UE assumption
	Same as TN UE in Table 6.2.2.4-1

	Note 1: HAPS is assumed to serve UEs in the rural environment, but the co-existed TN may be in the rural or urban macro environment.
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Description automatically generated]
[bookmark: _Ref93567517]Figure 6.2.2.3-2 UL scheduled UE bandwidth allocation
[To be updated]

[bookmark: _Toc87889251][bookmark: _Toc87951988]**************************** Unchanged Section Omitted ****************************
[bookmark: _Toc87889250][bookmark: _Toc94170351][bookmark: _Toc94298501]6.2.2.3	HAPS antenna model
HAPS antenna model is based on the proposal for HIBS (HAPS as IMT base stations) study in ITU WP-5D [xx]. The antenna array is composed of seven antenna panels (six side panels and one downward facing panel) as shown in Figure 6.2.3.3-1. Antenna elements on each panel are co-phased to form one beam in two crossed linear polarizations to serve one cell. There are a total of seven cells in two layers, one cell in the 1st layer and six cells in the 2nd layer. The antenna parameters are listed in Table 6.2.3.3-1. Note that a fixed beam in the direction of the panel boresight is formed by each panel to serve one cell. Figure 6.2.3.3-1 shows the antenna gain of the 1st layer cell and a 2nd layer cell projected on the ground. 
[image: ]
Figure 6.2.3.3-1 HAPS antenna model
[bookmark: _Ref61201481]Table 6.2.3.3-1 HAPS antenna parameters 
	Number of cells
	7

	Antenna array configuration (row x column)
	2 x 2 for 1st layer cell
4 x 2 for 2nd layer cell

	Antenna polarization
	Linear  

	Element gain (Note 1)
	7.8 dBi

	Element HPBW horizontal/vertical
	65⁰ for both H/V

	Element front-to-back ratio horizontal/vertical
	30 dB for both H/V

	Element spacing horizontal/vertical
	0.7 wavelength for both H/V

	Antenna panel tilt (from the horizon) (Note 2)
	90⁰ for 1st layer cell
23⁰for 2nd layer cell

	EIPR/cell
	56.8 dBm (1st layer cell), 
59.8 dBm (2nd layer cell)

	EIRP spectral density/cell
	43.8 dBm/MHz (1st layer cell),
46.8 dBm/MHz (2nd layer cell)

	Tx power per antenna panel 
	43 dBm

	Conducted power (before ohmic loss) per antenna element (dBm)
	34 dBm for 2 x 2 (x 2 polarizations for 1st layer cell)
31 dBm for 4 x 2 (x 2 polarizations for 2nd layer cell)

	Antenna weight (Note 3) 
	 for each of 1st layer cell element
 for each of 2nd layer cell element

	Polarization gain for SINR
	3 dB

	Note 1: The element gain includes the Ohmic loss of 2 dB.
Note 2: This is mechanical tilt only.
Note 3: These antenna weights create a fixed cell beam in the antenna panel’s boresight direction.
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Figure 6.2.3.3-2 HAPS antenna gain (in dB) in a 100 km radius area on the ground. (a) Antenna gain of the 1st layer cell. (b) Antenna gain of a 2nd layer cell.


**************************** Unchanged Section Omitted ****************************
[bookmark: _Toc87889256][bookmark: _Toc94170357][bookmark: _Toc94298507]6.2.5.4	Propagation model for HAPS
Propagation model between HAPS and UE, regardless of whether the UE is connected to HAPS or TN, shall reference to section 6.6 in TR 38.811. 
[To be updated]

**************************** Unchanged Section Omitted ****************************
[bookmark: _Toc87889257][bookmark: _Toc87951994][bookmark: _Toc494384421]6.2.6	Transmission power control model
**************************** Unchanged Section Omitted ****************************
[bookmark: _Toc87889260][bookmark: _Toc94170361][bookmark: _Toc94298511]6.2.6.3	NTN DL TPC
For downlink scenario, no power control scheme is applied.
6.2.6.4	HAPS UL TPC
HAPS uplink follows the TPC model in Section 6.2.6.1 with X = 1.08 (scheduled bandwidth 6 RBs) and Y = 5 (HAPS noise figure 5 dB).
[bookmark: _Toc87951997]6.2.6.5	HAPS DL TPC
For downlink scenario, no power control scheme is applied.

**************************** Unchanged Section Omitted ****************************
[bookmark: _Toc87889265][bookmark: _Toc94170366][bookmark: _Toc94298516]6.4	Co-existence simulation results
In order to process the co-existence simulation results received for all different scenarios and assumptions, the following steps are adopted:
-	Step 1: Discuss and agree on the most stringent scenario(s) for each scenario (Scenario 1, 2, 3…,6);
-	Step 2: Discuss and determine the required ACIR from results of the most stringent case(s) for each scenario;
-	Step 3: Use equation to derive corresponding ACLR or ACS from the agreed ACIR for each scenario
It is noted that the averaged ACIR for the most stringent case in each scenario would be derived by taking the average among the interpolated ACIR results derived from each company’s results for that case.
Moreover, the following considerations are adopted to deal with major disputes for the worst case results in each scenario:
-	If the required ACIR results, from the contributor who did not participate or their results is still not well-aligned in calibration table, has a difference larger than 10 dB with most others, this result can be not considered in the discussion.
-	If the required ACIR results, from one contributor, has a difference larger than 10 dB with most others, this result can be not considered in the discussion.
The following sub-clauses of this section captures the processed results by adopting above principles and methodologies for scenarios 1 to 6 which are identified in Table 6.1-2. It is noted that due to the space limitation, only part of the simulation results for each case are presented, the whole results for all studied options, as listed in Table 6.1-1 and section 6.2, can be found in Annex C.
Table 6.4-1 Worst case option for each scenario
	Scenario
	Aggressor system
	Victim system
	Environment
	Contributing

	1
	TN DL
	NTN GEO DL
	Urban
	NTN UE ACS

	2
	TN UL
	NTN GEO UL
	Urban
	NTN SAN ACS

	3
	NTN LEO-600 DL
	TN DL
	Rural
	NTN SAN ACLR

	4
	NTN GEO UL
	TN UL
	Urban
	NTN UE ACLR

	5
	NTN GEO UL
	TN DL
	Rural
	NTN UE ACLR

	6
	NR-TN DL
	NTN [TBD] UL
	[TBD]
	NTN SAN ACS

	7
	HAPS DL
	TN DL
	Rural
	HAPS ACLR

	8
	TN UL
	HAPS UL
	Rural
	HAPS ACS



**************************** Unchanged Section Omitted ****************************
[bookmark: _Toc94170367][bookmark: _Toc94298517]6.4.7	Scenario 7: HAPS DL interfering TN DL
The co-ex results contributred have been collected and compared in the following.
Table 6.4.7-1 Simulation results for average throughput loss
	ACIR[dB]
	5
	10
	15
	20
	25
	30
	35
	40

	Nokia
	28,80
	16,80
	8,10
	3,30
	1,10
	0,30
	0,10
	0,10

	Qualcomm
	38,41
	23,95
	12,26
	5,14
	1,86
	0,62
	0,20
	0,06




Figure 6.4.7-1 Simulation results for average throughput loss

Table 6.4.7-2 Simulation results for 5%-tile throughput loss
	ACIR[dB]
	5
	10
	15
	20
	25
	30
	35
	40

	Nokia
	77,10
	53,20
	26,60
	9,80
	1,80
	0,30
	0,20
	0,00

	Qualcomm
	100,00
	68,11
	39,34
	17,38
	6,66
	2,37
	0,77
	0,21




Figure 6.4.7-2 Simulation results for 5%-tile throughput loss

Table 6.4.7-3 Interpolated ACIR values for Scenario 7 to meet the 5% throughput loss criteria
	Source
	Interpolated ACIR[dB]

	Noka
	Average
	18.22

	
	5%-tile
	23.00

	Qualcomm
	Average
	20.10

	
	5%-tile
	26.93

	



Table 6.4.1-4 Average ACIR values in the above worse case for Scenario 7
	
	Scenario 1

	ACIR value [dB]
	24.97



6.4.8	Scenario 8: TN UL interfering HAPS UL
Table 6.4.8-1 Simulation results for average throughput loss
	ACIR[dB]
	5
	10
	15
	20
	25
	30
	35
	40

	Nokia
	14.4%
	7.2%
	3.0%
	1.4%
	0.7%
	0.6%
	0.1%
	0.0%




Figure 6.4.8-1 Simulation results for average throughput loss

Table 6.4.8-2 Simulation results for 5%-tile throughput loss
	ACIR[dB]
	5
	10
	15
	20
	25
	30
	35
	40

	Nokia
	35.4%
	22.6%
	12.6%
	11.5%
	7.5%
	5.0%
	4.5%
	1.1%




Figure 6.4.8-2 Simulation results for 5%-tile throughput loss

[bookmark: _Toc87889266][bookmark: _Toc94170373][bookmark: _Toc94298523]6.5	Summary of co-existence study
This sub-clause captures the summary of the co-existence studies. The averaged interpolate ACIR values for each scenario are presented in the table below.
Table 6.5-1 Average ACIR values for each scenario[
	Scenario
	1
	2
	3
	4
	5
	6
	7
	8

	ACIR value [dB]
	23.18
	28.03
	23.32
	28.11
	26.43
	[TBD]
	24.97
	[TBD]



Then, by considering the following ACLR and ACS of TN BS and UE in Table 6.5-2, the suggested ACLR and ACS of NTN SAN and UE from each scenario are given in Table 6.5-3. It should be noted that the values in Table 6.5-3 are directly derived from the worst case option of each scenario, and it is limited by the nature of assumptions and methodologies adopted in the co-ex studies.
Table 6.5-2 ACLR and ACS of TN
	TN
	Values

	BS
	ACLR
	45 dB

	
	ACS
	46 dB

	UE
	ACLR
	30 dB

	
	ACS
	33 dB



Table 6.5-3 Co-ex results suggested ACLR and ACS of NR-NTN
	Scenario
	Contributing
	ACLR ACS values

	1
	NTN UE ACS
	23.21 dB

	2
	NTN SAN ACS
	32.41 dB

	3
	NTN SAN ACLR
	23.81 dB

	4
	NTN UE ACLR
	28.18 dB

	5
	NTN UE ACLR
	27.51 dB

	6
	NTN SAN ACS
	[TBD]

	7
	HAPS ACLR
	24.97 dB

	8
	HAPS ACS
	[TBD]



Considering the above suggested values, the agreed ACLR and ACS of NR-NTN are given in Table 6.5-3.
Table 6.5-3 ACLR and ACS of NR-NTN
	NR-NTN
	Values

	SAN
	ACLR
	[TBD]

	
	ACS
	[TBD]

	HAPS
	ACLR
	[TBD]

	
	ACS
	[TBD]

	UE
	ACLR
	30 dB

	
	ACS
	33 dB




******************************* End of TP ***************************************
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