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Introduction
The current paper is to discuss the ACS remaining issue for VSAT UE requirement definition in above 10 GHz applicable to TS 38.101-5. 
At RAN4#109, the following agreements have been made:
· SAN ACLR:
· [12] dB for both GEO and LEO
· UE ACLR:
· [14] dB for both fixed VSAT and mobile VSAT
· SAN ACS:
· For GEO: [18] dB,
· For LEO: [24] dB.
· VSAT ACS:
· Considering below candidate values as starting point for VSAT ACS
· Option 1: 23 dB
· Option 2: 30 dB
· Option 3: 35 dB 
· FFS for the additional means to address the co-existence issue, candidate options for further discussion 
· Option 1: Limit the elevation angles on DL side for VSAT UE 
· Option 2: Configure additional guard-band 
· Other options not precluded 

From all investigated scenarios, the only scenario that requiring very strict NTN VSAT UE implementation considering a non-realistic deployment scenario close to hypothetical TN deployment at 17 GHz is scenario #5. 
(see RAN4#106)
Agreement 1: Study NTN-TN coexistence by assuming a reference frequency of 17 GHz for NTN DL cases and 27 GHz NTN UL cases, as well as the consideration of ACLR and ACS assumptions as following:  
	No.
	Combination
	Aggressor
	Victim
	Scope of Coexistence Simulation

	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.
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Coexistence scenarios for use cases 5-8 (in above 10 GHz)


As explained below and in several parts of this technical document, VSAT UE ACS has to be relaxed to a more reasonable value supported by satellite ecosystem.





Then, at RAN4#110, the following agreement has been made:


With the following notes:


It has also been agreed that the respective notes should be included in the TR 38.863.

For the time being the complete text can be found in the approved Way Forward R4-2403092, “WF on [110][307] NR_NTN_enh_Part3” from RAN4#110:


Issue 3-5: UE ACS
Further investigate and check the current TN FR2 ACS test methodology/configuration and conclude a single ACS value from Option 1 and Option 2 in the next meeting 
· Option 1: [27.5]dBc
· Option 2: [23-28]dBc
NOTE 1:              At the time of this 3GPP co-existence study, there is no TN band defined or planned near 17 GHz. The parameters are derived based on 3GPP coexistence scenarios in which a TN system is simulated to be operating in the band directly adjacent to the proposed NTN system as well as technical assumptions that may or may not be applicable in practice. The results of the study are not intended to address coexistence issues from a regulatory standpoint.
NOTE 2:             There are existing non-3GPP VSAT UE operating in Ka band at present and will likely continue operating in the future, with ACS performance lower than the values proposed.
NOTE 3:              Additional solutions could be further considered to address coexistence issues if and when TN is deployed in 17 GHz.

For a better reading, latest agreement/WF of Issue 3-2 to Issue 3-5 are summarized in the table below for reference.  
	
	SAN
	UE

	
	GEO
	LEO
	Fixed
	Mobile

	ACLR (dBc)
	12
	12
	14
	14

	ACS
(dBc)
	18
	24
	[See Issue 3-5]1, 2, 3
	[See Issue 3-5]1, 2, 3

	NOTE 1: 	At the time of this 3GPP co-existence study, there is no TN band defined or planned near 17 GHz. The parameters are derived based on 3GPP coexistence scenarios in which a TN system is simulated to be operating in the band directly adjacent to the proposed NTN system as well as technical assumptions that may or may not be applicable in practice. The results of the study are not intended to address coexistence issues from a regulatory standpoint.
NOTE 2:  	There are existing non-3GPP VSAT UE operating in Ka band at present and will likely continue operating in the future, with ACS performance lower than the values proposed.
NOTE 3:   	Additional solutions could be further considered to address coexistence issues if and when TN is deployed in 17 GHz.


	









Proposals for ACS requirements for VSAT UE 

Extra simulations and other alternatives are provided in a separate contribution to show that lower ACS values are possible and achievable. This proposal is also motivated by the fact that there is no TN deployment at 17 GHz and therefore it does not make sense to increase the protection with respect to an inexistent/fictitious potential interferer.

With respect to scenario 5 (see also contribution R4-2320970 - NTN-TN co-existence simulations results in above 10 GHz bands, THALES, Magister Solutions Ltd), several solutions have been investigated such as:
1/ VSAT UE alone/default (which requires/indicates an ACS of 30-35 dBs as also confirmed/found in the simulations by other companies as well, with the current hypothesis)
2/ Increasing Tx SAN power by 6 dB (e.g. 10 dBW/MHz EIRP density instead of 4 dBW/MHz)
3/ Increasing TN gNB antenna gain by increasing the number of antenna elements (8x16 AAS -> 16x32 AAS, which corresponds to about 6dB antenna gain);
4/ Decreasing TN gNB transmission power by 6dB (Total TXP – 6dB  = 35 dBm);
5/ Using a frequency guard band for a better protection from the TN gNB (at least 5dB interference decrease from TN BS to NTN UE VSAT can be easily obtained as OFDM spectrum decreases with the increase of the guard band);
6/ Increasing antenna gain of the VSAT UE (e.g. by using a higher aperture such as 0.6 m -> 1.2 m NTN VSAT antenna diameter for instance or lower; in practice lower aperture can be also considered e.g. 0.8m or lower).

It can be found that among all these (new) solutions, several are viable in combination or alone. For exemplification one may find a description of the solutions as explained below:
	Name of the solution
	Detail
	Comment

	sc5_22m
	Default solution
22 m NTN UE height with VSAT antenna of 0.6 m
	-

	sc5_22m_ntn_txp+6dB
	Tx SAN power by 6 dB (e.g. 10 dBW/MHz EIRP density instead of 4 dBW/MHz)
	Increasing SAN transmission power/EIRP density

	sc5_22m_tn_aas
	Increasing TN gNB antenna gain by increasing the number of antenna elements (8x16 AAS -> 16x32 AAS, which corresponds to about 6dB antenna gain);
	Peak gain increases from 26.5 to 32.6 dBi

	sc5_22m_tn_aas_txp-6dB
	Increasing TN gNB antenna gain by increasing the number of antenna elements (8x16 AAS -> 16x32 AAS, which corresponds to about 6dB antenna gain);
Decreasing TN gNB transmission power by 6dB (Total TXP – 6dB  = 35 dBm);
	Combination of sc5_22m_aas with TN gNB power degrease

	sc5_22m_vsat1.2m
	22 m NTN UE height with VSAT antenna of 1.2 m
Increasing antenna gain of the VSAT UE (e.g. by using a higher aperture such as 0.6 m -> 1.2 m NTN VSAT antenna diameter).
	In practice, 0.8 m could also be used

	sc5_1.5m
	Default solution
1.5 m NTN UE height with VSAT antenna of 0.6 m
	This would correspond to a terminal mounted on car or other vehicle, which was not studied by all the companies.

	sc5_1.5m_vsat1.2m
	1.5 m NTN UE height with VSAT antenna of 1.2 m
Increasing antenna gain of the VSAT UE (e.g. by using a higher aperture such as 0.6 m -> 1.2 m NTN VSAT antenna diameter).
	




Results with no isolation (without any guardband):

	LEO600
	Total ACIR
	
	
	
	
	

	No guardband, no isolation (dB)
	90°
	25°
	45°

	
	Mean
	5%-tile
	Mean
	5%-tile
	Mean
	5%-tile

	sc5_22m
	28
	30
	30
	36
	28
	32

	sc5_22m_ntn_txp+6dB
	22
	30
	28
	34
	
	

	sc5_22m_tn_aas
	24
	30
	28
	36
	26
	30

	sc5_22m_tn_aas_txp-6dB
	18
	20
	20
	28
	20
	24

	sc5_22m_vsat1.2m
	18
	24
	20
	20
	20
	26

	sc5_1.5m
	20
	32
	28
	36
	24
	28

	sc5_1.5m_vsat1.2m
	10
	18
	18
	22
	16
	24

	
	
	
	
	
	
	

	
	Required NTN UE ACS
	
	
	
	
	

	TN gNB ACLR
	90°
	25°
	45°

	30
	Mean
	5%-tile
	Mean
	5%-tile
	Mean
	5%-tile

	sc5_22m
	33
	#NUM!
	#NUM!
	#NUM!
	33
	#NUM!

	sc5_22m_ntn_txp+6dB
	23
	#NUM!
	33
	#NUM!
	
	

	sc5_22m_tn_aas
	26
	#NUM!
	33
	#NUM!
	29
	#NUM!

	sc5_22m_tn_aas_txp-6dB
	19
	21
	21
	33
	21
	26

	sc5_22m_vsat1.2m
	19
	26
	21
	21
	21
	29

	sc5_1.5m
	21
	#NUM!
	33
	#NUM!
	26
	33

	sc5_1.5m_vsat1.2m
	11
	19
	19
	23
	17
	26

	
	
	
	
	
	
	

	GEO
	
	
	
	
	
	

	TN gNB ACLR
	90°
	25°
	45°

	30
	Mean
	5%-tile
	Mean
	5%-tile
	Mean
	5%-tile

	sc5_22m
	28
	40
	30
	36
	28
	38

	sc5_22m_ntn_txp+6dB
	22
	36
	26
	32
	
	

	sc5_22m_tn_aas
	24
	30
	28
	34
	26
	36

	sc5_22m_tn_aas_txp-6dB
	18
	30
	20
	26
	20
	30

	
	
	
	
	
	
	

	TN gNB ACLR
	90°
	25°
	45°

	30
	Mean
	5%-tile
	Mean
	5%-tile
	Mean
	5%-tile

	sc5_22m
	33
	#NUM!
	#NUM!
	#NUM!
	33
	#NUM!

	sc5_22m_ntn_txp+6dB
	23
	#NUM!
	29
	#NUM!
	
	

	sc5_22m_tn_aas
	26
	#NUM!
	33
	#NUM!
	29
	#NUM!

	sc5_22m_tn_aas_txp-6dB
	19
	#NUM!
	21
	29
	21
	#NUM!




Results with isolation (extra guardband with 5dB ACIR decrease has been considered):

	LEO600
	Total ACIR with extra ACIR isolation

	Extra ACIR isolation (dB)
	90°
	25°
	45°

	5
	Mean
	5%-tile
	Mean
	5%-tile
	Mean
	5%-tile

	sc5_22m
	23
	25
	25
	31
	23
	27

	sc5_22m_ntn_txp+6dB
	17
	25
	23
	29
	 
	 

	sc5_22m_tn_aas
	19
	25
	23
	31
	21
	25

	sc5_22m_tn_aas_txp-6dB
	13
	15
	15
	23
	15
	19

	sc5_22m_vsat1.2m
	13
	19
	15
	15
	15
	21

	sc5_1.5m
	15
	27
	23
	31
	19
	23

	sc5_1.5m_vsat1.2m
	5
	13
	13
	17
	11
	19

	
	
	
	
	
	
	

	
	Required NTN UE ACS with extra ACIR isolation

	TN gNB ACLR
	90°
	25°
	45°

	30
	Mean
	5%-tile
	Mean
	5%-tile
	Mean
	5%-tile

	sc5_22m
	24
	27
	27
	#NUM!
	24
	31

	sc5_22m_ntn_txp-6dB
	18
	27
	24
	36
	 
	 

	sc5_22m_tn_aas
	20
	27
	24
	#NUM!
	22
	27

	sc5_22m_tn_aas_txp+6dB
	14
	16
	16
	24
	16
	20

	sc5_22m_vsat1.2m
	14
	20
	16
	16
	16
	22

	sc5_1.5m
	16
	31
	24
	#NUM!
	20
	24

	sc5_1.5m_vsat1.2m
	6
	14
	14
	18
	12
	20

	
	
	
	
	
	
	

	GEO
	Total ACIR with extra ACIR isolation

	Extra ACIR isolation (dB)
	90°
	25°
	45°

	5
	Mean
	5%-tile
	Mean
	5%-tile
	Mean
	5%-tile

	sc5_22m
	23
	35
	25
	31
	23
	33

	sc5_22m_ntn_txp+6dB
	17
	31
	21
	27
	-5
	 

	sc5_22m_tn_aas
	19
	25
	23
	29
	21
	31

	sc5_22m_tn_aas_txp-6dB
	13
	25
	15
	21
	15
	25

	
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	

	
	Required NTN UE ACS with extra ACIR isolation

	TN gNB ACLR
	90°
	25°
	45°

	30
	Mean
	5%-tile
	Mean
	5%-tile
	Mean
	5%-tile

	sc5_22m
	24
	#NUM!
	27
	#NUM!
	24
	#NUM!

	sc5_22m_ntn_txp+6dB
	18
	#NUM!
	22
	31
	 
	 

	sc5_22m_tn_aas
	20
	27
	24
	36
	22
	#NUM!

	sc5_22m_tn_aas_txp-6dB
	14
	27
	16
	22
	16
	27

	
	 
	 
	 
	 
	 
	 



Observation 1: For all these reasons, solutions to bring VSAT UE ACS down to [23-24] dB exist and are reasonable, for both LEO & GEO configurations, at different elevation angles.

Proposal 1: ACS value of VSAT NTN at 17 GHz (DL Ka-band) shall not be higher than [23] dB and include the agreed notes at RAN4#110 to provide context of the coexistence studies.
Proposal 2: The VSAT NTN ACS shall be tested with TDD type of interferer (to model interference of TN BS).

Moreover, in EN 303 978 for instance, the following information can be found for the existent terminals operating in harmonized Ka-band (Technical requirements specifications).
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Therefore, previous design of VSAT UE operating at DL 17GHz is considering an ACS of 7 dBsd (ratio expressed in decibels relative to the spectral density). For this reason, many satellite companies consider that there is a huge discrepancy between 7 dB (of legacy existent VSAT UE) and proposed value of 27.5 dB ACS (from coexistence value with a non-existent TN system operating at 17 GHz).

Observation 2: Many satellite companies consider that there is a huge discrepancy between the 7 dB ACS applicable to legacy existing VSAT UE and a proposed value of 27.5 dB ACS (derived from coexistence value with hypothetical TN system operating at 17 GHz although there are no regulatory basis & no frequency band allocated to TN for the deployment of terrestrial network in these bands).
Observation 3: There are no regulatory basis to define ACS higher than 23 dB at 17 GHz for VSAT UE.
Moreover, similar as for the SAN ACS requirements (see endorsed R4-2402965), the following requirements may apply to NTN VSAT ACS (assuming 23dB + 10log10(133/64) = 26.17dB with e.g. 50 MHz interferer type instead of 200 MHz as in the coexistence studies, with other combination not precluded):
Table x.x.x.x-1: OTA ACS requirement for NTN VSAT
	NTN VSAT channel bandwidth of the lowest/highest carrier received (MHz)
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)

	50, 100, 200, 400
	EISREFSENS + 6 dB (Note 1)
	EISREFSENS_50M + 26.17+ ΔFR2_REFSENS 

	NOTE 1:	EISREFSENS is given in clause 10.3



Table x.x.x.x-2: OTA ACS interferer frequency offset for NTN VSAT
	NTN VSAT channel bandwidth of the lowest/highest carrier received (MHz)
	Interfering signal centre frequency offset from the lower/upper NTN VSAT RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of interfering signal

	50
	±24.29
	

	100
	±24.31
	50 MHz OFDM TDD NR

	200
	±24.29
	signal, 60 kHz SCS, 64 RBs

	400
	±24.31
	
















Conclusions
Observation 1: Solutions to bring VSAT UE ACS down to [23-24] dB exist and are reasonable, for both LEO & GEO configurations, at different elevation angles.
Proposal 1: ACS value of VSAT NTN at 17 GHz (DL Ka-band) shall not be higher than [23] dB and include the agreed notes at RAN4#110 to provide context of the coexistence studies.
Observation 2: Many satellite companies consider that there is a huge discrepancy between the 7 dB ACS applicable to legacy existing VSAT UE and a proposed value of 27.5 dB ACS (derived from coexistence value with hypothetical TN system operating at 17 GHz although there are no regulatory basis & no frequency band allocated to TN for the deployment of terrestrial network in these bands).
Observation 3: There are no regulatory basis to define ACS higher than 23 dB at 17 GHz for VSAT UE.
Proposal 2: The VSAT NTN ACS shall be tested with TDD type of interferer (to model interference of TN BS).
Proposal 3: Discuss to use NTN VSAT EISREFSENS + 6 dB value to define wanted signal mean power (dBm) and NTN VSAT EISREFSENS_50M + 26.17 + NTN VSAT ΔFR2_REFSENS value to define interfering signal mean power (dBm).

Table x.x.x.x-1: OTA ACS requirement for NTN VSAT
	NTN VSAT channel bandwidth of the lowest/highest carrier received (MHz)
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)

	50, 100, 200, 400
	EISREFSENS + 6 dB (Note 1)
	EISREFSENS_50M + 26.17+ ΔFR2_REFSENS 

	NOTE 1:	EISREFSENS is given in clause 10.3



Table x.x.x.x-2: OTA ACS interferer frequency offset for NTN VSAT
	NTN VSAT channel bandwidth of the lowest/highest carrier received (MHz)
	Interfering signal centre frequency offset from the lower/upper NTN VSAT RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of interfering signal

	50
	±24.29
	

	100
	±24.31
	50 MHz OFDM TDD NR

	200
	±24.29
	signal, 60 kHz SCS, 64 RBs

	400
	±24.31
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