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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. During the last RAN4 meeting, there were some initial discussions for NTN UE in Ka-band with some high level agreement reached in [9]. In this contribution, we want to share some further understandings for NTN UE in Ka-band.
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2.1. The minimum EIRP requirement
From our understanding, the minimum EIRP requirement should be decided by both link budget, system performance and also realistic assumption. 
In the previous RAN4 meeting, we made the assumption with Tx gain as 43.2dBm and Rx gain as 39.7dBi with total transmission power 33dBm. However if we want to achieve the assumed antenna gain in phase antenna array assumption. Then it would be basically requiring around 10000 antenna elements in total to cover both DL and UL, this might be not realistic assumption. 
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Figure 1. illustration of phase antenna array to achieve the Rx/Tx gain assumption in the co-existence study.
Based on above consideration, we propose to have the following assumption for phase antenna array:
Proposal 1: for VSAT with phase antenna array antenna if introduced, antenna array size should be limited as 1024 in the UL direction. 
2.2. The transmitter signal quality
In the previous RAN4 meeting, there are no discussion about Pi/2 BPSK, RAN4 need to confirm whether this modulation order should be supported or not for NTN VSAT. However from our understanding, it’s better to postpone the Pi/2 BSPK requirement to future release. If it’s agreed to introduce this modulation order in Rel-18, we need to consider other requirement related with Pi/2 BPSK, e.g. EVM spectral flatness for Pi/2 BPSK modulation for NTN VSAT. At current late stage, it might be too late to further discuss this requirement especially considering more link level simulation results are needed. 
Proposal 2: postpone the support of Pi/2 BPSK for NTN VSAT in Rel-18 into future release. 

In addition, RAN4 need to further discuss the following requirement for NTN VSAT:
· the necessity of carrier leakage requirement for NTN VSAT
· the necessity of in-band emission for NTN VSAT
· the necessity of EVM equalizer spectrum flatness requirement for NTN VSAT
Proposal 3: RAN4 need to further discuss the following transmitter signal quality requirement:
· the necessity of carrier leakage requirement for NTN VSAT
· the necessity of in-band emission for NTN VSAT
· the necessity of EVM equalizer spectrum flatness requirement for NTN VSAT

2.3. Transmitter output power dynamics 
In the previous RAN4 meeting, we don’t have time to discuss the transmitter output power dynamic requirement, however if to be specified, then we need to discuss the following requirement at least:
· [The minimum output power] 
· The OFF output power 
· The transition period requirement 
· Power control requirement.
It should be noted that the minimum output power could be derived based on the best side condition to achieve the target SNR. 
Proposal 4: to further discuss the the following requirement for NTN VSAT.
· [The minimum output power] 
· The OFF output power 
· The transition period requirement 
· Power control requirement, 
2.4. Transmitter out-of-band emission and spurious emission requirement
Regarding the out-of-band emission requirement, we propose to use the ITU-R SM.1541-6, Annex 5 OoB domain emission limits for space services (earth and space stations) as starting point and further discuss any modification if necessary (e.g. to keep consistency with other regional out-of-band emission requirement).
Proposal 5: for the out-of-band emission requirement, propose to use the ITU-R SM.1541-6, Annex 5 OoB domain emission limits for space services (earth and space stations) as starting point and further discuss any modification if necessary (e.g. to keep consistency with other regional out-of-band emission requirement).
Regarding the general transmitter spurious emission requirement on top of on-axis and off-axis spurious emission requirement, we propose to follow the legacy approach to follow the ITU-R SM.329 as below:
TABLE  2 [ITU-R SM.329]
	Space services (mobile earth stations)(3), (4)
	43  10 log P, or 60 dBc, whichever is less stringent

	Space services (fixed earth stations)(3), (4)
	43  10 log P, or 60 dBc, whichever is less stringent



Proposal 6: for the general transmitter spurious emission requirement, propose to follow the ITU-R SM.39 recommendation.
2.5. Min EIS requirement for NTN VSAT
For Fixed VSAT connecting with LEO scenario only, if we need to ensure that 5% tile VSAT at the low elevation angle could also support the QPSK at least for basic communication, then the minimum required antenna gain could be derived in the following way. 
The required antenna gain= -174+10*log10(BW*10^6)+NF+IM+SNR- minimum input power
Where: 
· BW is assumed as 200MHz;
· NF is assumed as 6dB;
· IM is assumed as 2dB;
· SINR is assumed as -1dB for QPSK with coding rate as 1/3; 
· The OTA minimum input power is assumed as -126dBm @ 5% tile of all scheduled VSAT.
The required antenna gain should be around 42dB which is slightly higher than and also close to 39.7dB assumed in the coexistence assumption. 
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For VSAT connecting with GEO and LEO, then GEO with elevation angle as 25 degree should be the worst case, then the required antenna gain= -174+10*log10(BW*10^6)+NF+IM+SNR- minimum input power
Where: 
· BW is assumed as 200MHz;
· NF is assumed as 2.5dB;
· IM is assumed as 2dB;
· SINR is assumed as -1dB for QPSK with coding rate as 1/3; 
· The OTA minimum input power is assumed as -121dBm @ 5% tile of all scheduled VSAT.
The required antenna gain should be around 33.5dB which is slightly lower than and also close to 39.7dB assumed in the coexistence assumption. 
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Based on above analysis, regardless from VSAT connecting with GEO and LEO or VSAT connecting with LEO scenario only, the required antenna gain 39.7dBi should be reasonable assumption. If decreasing Rx antenna gain down to 20dBi, then lots of VSAT in the low elevation angle would lost the connection.
Observation 1: for parabolic antenna, Rx antenna gain as 39.7dBs seems to be reasonable assumption for both VSAT connecting with GEO/LEO with NF as 2.5dB and VSAT connecting with LEO with NF as 6dB;

In addition, regarding the necessity of considering the polarization gain within mini EIS requirement, from my understanding, if typical scenario for NTN in Ka-band for each beam is transmitted with single polarization e.g. LHCP or RHCP, then VSAT terminal would also typically work on single polarization, then it will be not necessary to consider the polarization gain within the mini EIS requirements since there are no such kind of RF combing or baseband combing to achieved the diversity gain.
Proposal 7: if typical scenario for NTN Ka-band for each beam is transmitted with single polarization, e.g. LHCP or RHCP, then polarization diversity gain.

2.6. Maximum input power for NTN VSAT
Based the initial simulation results obtained so far, the maximum input power received prior to antenna (only OTA input power is considered in the reception peak direction) is around -107dBm for both L-ESIM and Fixed VSAT.
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Figure 1. L-ESIM in GEO scenario with elevation angle as 90 degree [worst case]
[image: ]
Figure 2. Fixed VSAT in LEO600KM scenario with elevation angle as 90 degree [Worst case]
Observation 2: the OTA maximum input power is around -107dBm prior to antenna. 
2.7. ACLR requirement for NTN VSAT
	Scenario [Fixed VSAT]
	ACLR requirement [Case 1 for Fixed VSAT ACLR]

	
	Elevation angle =90
	Elevation angle =25

	GEO
	6
	8

	LEO-1200KM
	0
	4

	LEO-600KM
	0
	0



	Scenario [Fixed VSAT]
	ACLR requirement [Case 3 for Fixed VSAT ACLR]

	
	Elevation angle =90
	Elevation angle =25

	GEO
	0
	0

	LEO-1200KM
	0
	0

	LEO-600KM
	0
	[]



Observation 3: for Fixed VSAT, the 8dB ACIR requirement from transmitter perspective is enough. 

	Scenario [Mobile VSAT]
	ACLR requirement [Case 1 for Mobile VSAT ACLR]

	
	Elevation angle =90
	Elevation angle =25

	GEO
	0
	0



	Scenario [Mobile VSAT]
	ACLR requirement [Case 3 for Mobile VSAT ACLR]

	
	Elevation angle =90
	Elevation angle =25

	GEO
	0
	0



Observation 4: for L-ESIM, the 0dB ACIR requirement from transmitter perspective is workable due to high coupling loss between NTN VSAT and TN UL 
2.8. ACS requirement for NTN VSAT 
	Scenario  [Fixed VSAT]
	ACIR requirement [Case 5 for Fixed VSAT ACS]

	
	Elevation angle =90
	Elevation angle =25

	GEO
	32
	36

	LEO-1200KM [2.5dB NF]
	34
	>40

	LEO-1200KM [6dB NF]
	30
	40

	LEO-600KM [2.5dB NF]
	36
	>40

	LEO-600KM [6dB NF]
	32
	38



	Scenario [Fixed VSAT]
	ACIR requirement [Case 8 for Fixed VSAT ACS]

	
	Elevation angle =90
	Elevation angle =25

	GEO
	0
	0

	LEO-1200KM [2.5dB NF]
	0
	0

	LEO-1200KM [6dB NF]
	>0dB
	0

	LEO-600KM [2.5dB NF]
	0
	0

	LEO-600KM [6dB NF]
	4
	0



Observation 5: for Fixed VSAT, more than 40dB ACIR requirement from receiver side is needed for some scenarios. 
	Scenario  [L- ESIM]
	ACIR requirement [Case 5 for Fixed VSAT ACS]

	
	Elevation angle =90
	Elevation angle =25

	GEO
	28
	32



	Scenario [Fixed VSAT]
	ACIR requirement [Case 8 for Fixed VSAT ACS]

	
	Elevation angle =90
	Elevation angle =25

	GEO
	0
	0



Observation 6: for L-ESIM, the 32dB ACIR requirement from transmitter perspective is enough. 
2.9. In-band blocking requirement for NTN VSAT
Regarding the in-band blocking requirement, we propose to have the similar approach as FR2 TN UE with its in-band blocking power level to align with power level of interfering signal of ACS requirement.
Proposal 8: for in-band blocking requirement for VSAT, propose to specify the power level of IBB to the same as power level of interfering signal of ACS requirement and reuse the freq offset of FR2 TN UE in-band blocking requirement. 
Conclusions
In this contribution, we want to share some further views on VSAT RF requirements for NTN in Ka-band.and proposals are made as following:
Proposal 1: for VSAT with phase antenna array antenna if introduced, antenna array size should be limited as 1024 in the UL direction. 
Proposal 2: postpone the support of Pi/2 BPSK for NTN VSAT in Rel-18 into future release. 
Proposal 3: RAN4 need to further discuss the following transmitter signal quality requirement:
· the necessity of carrier leakage requirement for NTN VSAT
· the necessity of in-band emission for NTN VSAT
· the necessity of EVM equalizer spectrum flatness requirement for NTN VSAT
Proposal 4: RAN4 need to further discuss the the following requirement for NTN VSAT.
· [The minimum output power] 
· The OFF output power 
· The transition period requirement 
· Power control requirement, 
Proposal 5: for the out-of-band emission requirement, propose to use the ITU-R SM.1541-6, Annex 5 OoB domain emission limits for space services (earth and space stations) as starting point and further discuss any modification if necessary (e.g. to keep consistency with other regional out-of-band emission requirement).
Proposal 6: for the general transmitter spurious emission requirement, propose to follow the ITU-R SM.39 recommendation.
Observation 1: for parabolic antenna, Rx antenna gain as 39.7dBs seems to be reasonable assumption for both VSAT connecting with GEO/LEO with NF as 2.5dB and VSAT connecting with LEO with NF as 6dB;
Proposal 7: if typical scenario for NTN Ka-band for each beam is transmitted with single polarization, e.g. LHCP or RHCP, then polarization diversity gain.
Observation 2: the OTA maximum input power is around -107dBm prior to antenna. 
Observation 3: for Fixed VSAT, the 8dB ACIR requirement from transmitter perspective is enough. 
Observation 4: for L-ESIM, the 0dB ACIR requirement from transmitter perspective is workable due to high coupling loss between NTN VSAT and TN UL 
Observation 5: for Fixed VSAT, more than 40dB ACIR requirement from receiver side is needed for some scenarios. 
Observation 6: for L-ESIM, the 32dB ACIR requirement from transmitter perspective is enough. 
Proposal 8: for in-band blocking requirement for VSAT, propose to specify the power level of IBB to the same as power level of interfering signal of ACS requirement and reuse the freq offset of FR2 TN UE in-band blocking requirement. 
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