
[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting#105                              R4-2219379                        
Toulouse, France,14th Nov – 18th Nov,2022
Agenda item:	8.23.2
Source: 	ZTE Corporation
Title: 	Further discussion on coexistence evaluation for NTN in Ka-band
[bookmark: DocumentFor]Document for:	Approval  
Introduction
In RAN#92e meeting, the work item [RP-221819] on NR NTN (Non-Terrestrial Networks) enhancements was approved as one of Rel-18 RAN1/2/3 package. In this contribution, we want to share some further views on the coexistence study for NTN in Ka-band.
The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
[bookmark: OLE_LINK13][bookmark: OLE_LINK10][bookmark: OLE_LINK14][bookmark: OLE_LINK20]Discussion  
2.1. Coexistence scenario
During the last RAN4 meeting, we have reached lots of consensus, however there are still some open issues left for further discussion. For coexistence scenario, the main controversial issue should be Case 5 and Case 6 for NTN DL part from 19.7-20.2GHz for MSS service.
At least from our understanding, if we don’t have any downlink coexistence study for NTN in Ka-band, the only approach to define the ACLR requirement of NTN SA, it could reply on the unwanted emission mask specified in  ITU-R recommendation SM.1541-6.
In addition, based on new agenda items for WRC-23 conference, resolution COM6/ including the following considerations: 
	1.2 to consider identification of the frequency bands 3 300-3 400 MHz, 3 600-3 800 MHz, 6 425-7 025 MHz, 7 025-7 125 MHz and 10.0-10.5 GHz for International Mobile Telecommunications (IMT), including possible additional allocations to the mobile service on a primary basis, in accordance with Resolution COM6/2 (WRC-19);


	
In other words, there are no surrounding spectrum allocated for TN except for 10-10.5GHz within 7-24GHz in near future. If there are any necessity to conduct the coexistence study for Ka-band DL part, then it should be NTN vs NTN instead of NTN vs TN.
Proposal 1: if necessary, conduct the coexistence study for Ka-band DL part with NTN vs NTN instead of NTN vs TN;
Observation 1: if there are no coexistence study conducted for Ka-band Dl part at the end, it could reply on the unwanted emission mask specified in ITU recommendation SM.1541-6 to define the corresponding ACLR requirement.

Issue 1-1: NTN DL simulation
· Option1: Consider NTN UL cases first and further discuss NTN DL cases

Issue 1-9: Aggressor and victim table
Further discuss cases in the table below. Noting that: 
· R4-2215352 (Thales et al): case 1, 3, 4, applicable for n258
· R4-2216557 (ZTE): case 1,2,3,4 applicable for n257, n258 and n261
· There’s also a proposal to remove the Notes.
	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1 
	TN with NTN
	NTN UL
	TN UL
	Applicable for n257, n258 and n261
	Phase 1

	2
	TN with NTN
	TN UL
	NTN UL
	Applicable for n257, n258 and n261
	Phase 1

	3
	TN with NTN
	NTN UL
	TN DL
	Applicable for n257, n258 and n261
	Phase 1

	4 
	TN with NTN
	TN DL
	NTN UL
	Applicable for n257, n258 and n261
	Phase 1

	5
	TN with NTN
	TN DL
	NTN DL
	FFS
	Phase 2

	6
	TN with NTN
	NTN DL
	TN DL
	FFS
	Phase 2

	7
	TN with NTN
	NTN DL
	TN UL
	
	

	8
	TN with NTN
	TN UL
	NTN DL
	
	

	9
	NTN with NTN
	NTN DL
	NTN DL
	FFS
	

	
	
	NTN UL
	NTN UL
	FFS
	

	NOTE 1: For coexistence between Ka band DL and surrounding TN bands, this need more discussions since currently there are no 3GPP defined TN bands specified.



2.2. System parameters
[bookmark: _Toc87889244][bookmark: _Toc104210155][bookmark: _Toc94170345][bookmark: _Toc104502867][bookmark: _Toc104122349]During the last RAN4 meeting, we have reached lots of consensus for system parameter for NTN coexistence study, however there are still lots of open issue left for further discussion. In the following section, we want to share some further understanding for them.
Issue 3-2: NRB configuration per BandWidth size and SCS
· Await relative discussion in [312]
From our understanding, we could start with 200MHz with 120kHz and 132PRB for initial coexistence study. If there are any updates in system parameter design, the corresponding configuration in the coexistence study could be updated as well.  
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N/A

	120
	32
	66
	132
	264



Proposal 2: to start with 200MHz with 120kHz SCS and 132PRBs to initialize the coexistence study and to further updates if any agreement achieved in system parameter part.
Issue 3-4: Number of active UE (UL)
· Option 1: 9 UEs and nRBs per UE for GEO and LEO
· Option 2: FFS
The 9 UEs are coming from Rel-17 handled smartphone, however whether this could be also applicable for NTN UE in Ka-band,, this is still questionable. We would like to seek more clarifications from satellite vendors for the potential active UEs at the same time. From our understanding, the power control could be enabled for VSAT or ESIM in Ka-band, then the number of active UEs might not have big impacts at the end. This is somehow similar as FR2 coexistence study with single UEs assumed while multiple UEs could be scheduled at the same time for FR2 in practice.
Proposal 3: see more clarify from satellite vendors for potential active UEs at the same time;

Issue 3-5: NTN Fixed VSAT UE
Further discuss Option 1 & Option 2
	Characteristics
	Option 1 (Ericsson, Samsung, ZTE)
	Option 2 (Thales)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter
	Directional
(see [2]) with 60 cm equivalent aperture diameter (R4-2215348)

	Polarisation
	Circular
	Circular

	Efficiency
	
	UL 60%, DL 57%

	Rx Antenna gain 
	39.7 dBi 
	39 dBi

	Noise figure
	1.2 dB
	1.2 dB

	Rx Feeder loss
	
	-0.5 dB

	Antenna temperature
	150 K
	40K

	Sky temperature
	
	30 K

	Ground temperature
	
	10

	G/T figure of merit
	
	16.5 (dB/K)

	Rx Feeder loss
	
	-0.5 dB

	Tx transmit power
	2 W (33 dBm)
	2W (3dBW)

	Tx antenna gain
	43.2 dBi
	42.9 dBi

	Output loss
	
	-1.0

	EIRP
	
	44.9 dBm

	UE height
	FFS
	FFS

	
	NOTE:	VSAT terminal characteristics could be implemented with phased array antenna
	



In the last meeting, there are two options left for further discussion of NTN fixed VSAT UE, indeed the difference are quite minor. Even though without no strong opinions on it, however it might be better to go with option 1 which is aligned with TR 38.821 section 6.1.1.1, or satellite vendors could further clarify the option 2, it should be also fine for us.
Proposal 4: prefer to go with option 1 which are coming from TR38.821 section 6.1.1.1 

Issue 3-6: NTN movable VSAT UE
· Option 1:
	Characteristics
	ESIM (TR 38.821)
	ESIM (ITU)

	Antenna type and configuration
	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); 
(dV,dH) = (TBD, TBD)λ with directional antenna element (HPBW=65 deg)
	Antenna pattern: S.580-6

	Polarisation
	Linear: +/-45°X-pol
	

	Rx Antenna gain 
	TBD dBi per element
	45 dBi

	Antenna temperature
	TBD K
	

	Noise figure
	TBD dB
	

	Tx transmit power
	[TBD W (TBD dBm)]
	Transmit power density（dBW/Hz）-46.3

	Tx antenna gain
	TBD dBi per element
	45 dBi



· Option 2: With respect to VSAT UE secondary lobes and related coexistence analysis, RAN4 to use the recommendation from ITU-R S.465-5:
[image: cid:image040.png@01D8CE6D.E85A78B0]
· FFS: UE height
From our understanding, option 2 is not complete antenna pattern assumption, therefore the option 1 is more preferred. From Option 1 with ITU-R recommendation S.580-6, from our understanding, it might be okay for passive phased antenna array however this antenna pattern cannot enable active phased antenna array assumption. In short, option 1 with exact antenna configuration is more preferable. The antenna array configuration should be achieved the similar antenna gain or EIRP similar as VSAT terminals with parabolic antenna configuration.
Proposal 5: prefer to go with option 1 with exact antenna configuration assumed for ESIM or VSAT with phased antenna array. The detailed configuration could be found as following to achieve similar EIRP value as VSAT terminals with parabolic antenna configuration.

	Characteristics
	ESIM (TR 38.821)
	

	Antenna type and configuration
	Directional
(M,N,P,Mg,Ng) = (64,32,2,1,1); 
(dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=65 deg)
	

	Polarisation
	Linear: +/-45°X-pol
	

	Rx Antenna gain 
	3 dBi per element
	

	Noise figure
	11/13 dB
	

	Tx transmit power
	10*log10(64*32)+7 dBm)
	

	Tx antenna gain
	3 dBi per element
	



In addition, UE height for fixed VSAT or ESIM are still left for further discussions. From our understanding, this should be dependent on the supported service types or VSAT or ESIM types. For fixed VSAT mounted on the roof of building for the backhaul transmission for some important public service, then its height could be assumed up to 22.5m similar as legacy TN assumptions. For ESIM mounted on that cruise ship or fish boat, the UE height could be also up to 22.5m. 
In addition, it should be noted that A-ESM mounted on top of aircraft, its height could be up to 3km to 14km.
For other L-ESIM, its height could be assumed between 1.5m to 22.5m from our understanding which highly depends on its use case. 
[image: ]
Figure 1. The commercial deployment for Fixed VSAT and mobile ESIM 
Proposal 6: for fixed VSAT mounted on the roof of building or M-ESIM mounted on cruise ship or fish boat, its height could be assumed as 22.5m as highest value; For A-ESIM mounted on top of aircraft, its height could be assumed for 3km to 14km. For L-ESIM, its height could be assumed between 1.5m to 22.5m which highly depends on its use case. 

Issue 3-7: Horizontal boresight and Vertical tilt assumptions of NTN UEs 
· Option 1: 
	
	GEO
	LEO

	Antenna vertical tilt 
	20 degree above horizontal
	30 degree above horizontal

	Antenna horizontal boresight
	FFS
	FFS



· Option 2: Other values
First of all, we might have two different UE types, one is for VSAT or ESIM with parabolic antenna as shown in Figure 2. The beam tracking for parabolic antenna could be maintained by 2/3-Axis Stabilized + Auto Skew operation platform with assistance information Built in Gyro or GPS information. Basically, the beam steering capability is mechanical steering which is expected to be slower than digital beam steering. From our understanding, the fixed antenna vertical tilt or horizontal tilt is not needed at least. 
For A-ESIM with phased antenna array, during the landing or taking off period, some vertical tilt might be still useful, however for level flight period, the phase antenna array could steer upward to the sky. In other words, we don’t need to consider the fixed antenna vertical tilt or horizontal tiltat least. FFS for portable satellite mobile station. 
[image: ]
Figure 2. The illustration of dish antenna for ESIM [7]
[image: ]
Figure 3. The illustration of phase antenna array for ESIM [8]

Proposal 7: for VSAT or ESIM with parabolic antenna, the fixed antenna vertical tilt or horizontal tilt is not needed since antenna direction could be adjusted by operation platform with 2/3-Axis Stabilized + Auto Skew. For ESIM with phased antenna array for A-ESIM, the fixed antenna vertical tilt or horizontal tilt is not needed during the level flight period least and FFS for taking off and landing period. FFS for portable satellite mobile station. 

Issue 3-10: Satellite and UE Antenna and beam forming pattern modelling
Please see the analysis for issue 3-5 and Issue 3-6

Issue 3-11-1 Horizontal 3dB /vertical 3dB 3 dB beam width of single element (degree)
· Option1: 65
· Option2: 90
Please see the following proposal, open for 90 degree if any concrete proposal from satellite vendors. It should be known that for TN UE side, it should be option 2 which is captured in TR 38.803.

	Characteristics
	ESIM (TR 38.821)
	

	Antenna type and configuration
	Directional
(M,N,P,Mg,Ng) = (64,32,2,1,1); 
(dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=65 deg)
	

	Polarisation
	Linear: +/-45°X-pol
	

	Rx Antenna gain 
	3 dBi per element
	

	Noise figure
	11/13 dB
	

	Tx transmit power
	10*log10(64*32)+7 dBm)
	

	Tx antenna gain
	3 dBi per element
	




Issue 3-11-2 Maximum directional gain of an antenna element GE,max
· Option1: 5.5 dBi
· Option2: 8 dBi
If we go with option 1 in Issue 3-11-1, then its assumed element gain should be 3 dBi (assuming 5dBi directivity and 2dB loss)
	Characteristics
	ESIM (TR 38.821)
	

	Antenna type and configuration
	Directional
(M,N,P,Mg,Ng) = (64,32,2,1,1); 
(dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=65 deg)
	

	Polarisation
	Linear: +/-45°X-pol
	

	Rx Antenna gain 
	3 dBi per element
	

	Noise figure
	11/13 dB
	

	Tx transmit power
	10*log10(64*32)+7 dBm)
	

	Tx antenna gain
	3 dBi per element
	



[bookmark: _Toc94170347][bookmark: _Toc104502869][bookmark: _Toc104210157][bookmark: _Toc87889246][bookmark: _Toc104122351]2.2.3	TN parameters
TN parameters for co-existence study are given in Table 2.2.3-1, 2.2.3-2 and 2.2.3-3.
	-Parameters
	Urban macro
	Dense Urban
	Indoor

	Channel bandwidth
	200MHz
	200MHz
	             NA

	Scheduled channel bandwidth per UE (DL)
	200MHz
	200MHz
	 NA

	Scheduled channel bandwidth per UE (UL)
	200MHz
	200MHz
	

	The number of active UE (DL)
	Same as the number of BS beam
	Same as the number of BS beam
	

	The number of active UE (UL)
	Same as the number of BS beam
	Same as the number of BS beam
	

	Traffic model
	Full buffer
	Full buffer
	

	DL power control
	NO
	NO
	

	UL power control
	YES
	YES
	

	BS max TX power in dBm
	30dBm
	[30dBm]
	

	UE Peak EIRP in dBm
	22.4dBm
	22.4dBm
	

	UE min TX power in dBm
	-40dBm
	-40dBm
	

	BS Noise figure in dB
	Note 1
	Note 1
	

	UE Noise figure in dB
	Note 1
	Note 1
	

	Handover margin
	3dB
	3dB
	

	Note 1:	For deriving ACIR/ACS values which are included in respond to WP5D, following NF are used in co-existence simulation study for both UE and BS. 30GHz: 9 and 11 dB



In the last RAN4 meeting, the UE maximum output power for FR2 is assumed as 23dBm which should be coming from TR38.803, however that is not correct and it should be 22.4dBm as UE peak EIRP which was used in CLI TR 38.828.
Proposal 8: to update the UE maximum output power from 23dBm to UE peak EIRP as 22.4dBm;
2.3. Evaluation methodology
For the channel model between NTN UE and TN UE, the following option 1 make sense to us since NTN UE could be also mounted on the roof of building in the urban macro scenario. In addition, for propagation model between A-ESIM and TN UE, it should follow NTN channel model and FFS for propagation model between M-ESIM and TN UE. 
· Option 1: Propagation model between NTN UE and TN UE should reference to the following propagation model,
	- UE-to-UE: Umi (h_BS=1.5 m ~ 22.5 m) 
	  + penetration loss see TR 38.803
Proposal 9: for propagation model between L-ESIM or fixed VSAT, to use the option 1; for propagation model between A-ESIM and TN UE, use the NTN channel model and FFS for propagation model between E-ESIM and TN UE; 
Conclusions
In this contribution, we shared further views on coexistence study for NTN coexistence in Ka-band and proposals are made as following:
Proposal 1: if necessary, conduct the coexistence study for Ka-band DL part with NTN vs NTN instead of NTN vs TN;
Observation 1: if there are no coexistence study conducted for Ka-band Dl part at the end, it could reply on the unwanted emission mask specified in ITU recommendation SM.1541-6 to define the corresponding ACLR requirement.
Proposal 2: to start with 200MHz with 120kHz SCS and 132PRBs to initialize the coexistence study and to further updates if any agreement achieved in system parameter part.
Proposal 3: see more clarify from satellite vendors for potential active UEs at the same time;
Proposal 4: prefer to go with option 1 which are coming from TR38.821 section 6.1.1.1 
Proposal 5: prefer to go with option 1 with exact antenna configuration assumed for ESIM or VSAT with phased antenna array. The detailed configuration could be found as following to achieve similar EIRP value as VSAT terminals with parabolic antenna configuration.

	Characteristics
	ESIM (TR 38.821)
	

	Antenna type and configuration
	Directional
(M,N,P,Mg,Ng) = (64,32,2,1,1); 
(dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=65 deg)
	

	Polarisation
	Linear: +/-45°X-pol
	

	Rx Antenna gain 
	3 dBi per element
	

	Noise figure
	11/13 dB
	

	Tx transmit power
	10*log10(64*32)+7 dBm)
	

	Tx antenna gain
	3 dBi per element
	



Proposal 6: for fixed VSAT mounted on the roof of building or M-ESIM mounted on cruise ship or fish boat, its height could be assumed as 22.5m as highest value; For A-ESIM mounted on top of aircraft, its height could be assumed for 3km to 14km. For L-ESIM, its height could be assumed between 1.5m to 22.5m which highly depends on its use case. 
Proposal 7: for VSAT or ESIM with parabolic antenna, the fixed antenna vertical tilt or horizontal tilt is not needed since antenna direction could be adjusted by operation platform with 2/3-Axis Stabilized + Auto Skew. For ESIM with phased antenna array for A-ESIM, the fixed antenna vertical tilt or horizontal tilt is not needed during the level flight period least and FFS for taking off and landing period. FFS for portable satellite mobile station. 
Proposal 8: to update the UE maximum output power from 23dBm to UE peak EIRP as 22.4dBm;
Proposal 9: for propagation model between L-ESIM or fixed VSAT, to use the option 1; for propagation model between A-ESIM and TN UE, use the NTN channel model and FFS for propagation model between E-ESIM and TN UE; 
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