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1	Introduction
[bookmark: _Hlk528680199]According to the agreed WF [1], the following agreements have been made related to the scenario and channel model:
	Issue 1-1-1: Scenario
· Agreement:
· For UE side
· Define requirements for NGSO and GSO. FFS whether one or two sets of requirements are specified for NGSO and GSO.
· For SAN side
· Define one set of requirements for both NGSO and GSO.
Issue 1-1-2: Channel model
· Agreement:
· Only NTN-TDLC will be considered.
Issue 1-1-3: Doppler
· Agreement: Consider the following Doppler value for initial evaluation
· UE: [600Hz, 1200HZ, 2000Hz]
· SAN: [600Hz, 3000Hz]
· Leave some margin with respect to 0.1ppm requirement if all of them found to be feasible. Margin to be discussed.
Issue 1-1-4: Delay spread
· Agreement:
· 5ns for NTN-TDLC



The following agreements have been made related to UE demodulation performance requirements:
	Issue 2-1-1: HARQ processes for above 10 GHz bands
· Agreement
· Consider both 16 and 32 HARQ processes; need further consideration on how to apply these to GSO and NGSO. Disabled HARQ requires further discussion.
Issue 2-1-3: Whether to define UE PBCH demodulation requirements for above 10 GHz bands?
· Agreement:
· Don’t define PBCH requirement for NR NTN enhancements.
Issue 2-1-4: Whether to define UE CQI reporting requirements for above 10 GHz bands?
· Agreement:
· Do not define UE CQI reporting requirements for above 10 GHz bands
Issue 2-3-2: Rank for PDSCH
· Agreement
· Consider Rank 1 only.
Issue 2-3-3: PDSCH mapping type
· Agreement
· PDSCH mapping type A
Issue 2-3-5: Configuration for PBCH test (If agreed to be introduced)
· Agreement
· Not applicable (PBCH requirement will not be introduced)
Issue 2-3-6: Configuration for CQI reporting test (If agreed to be introduced)
· Agreement
· Not applicable (CQI requirement will not be introduced)



Except the agreements reached above, there are still many open issues with several candidate options, for which we provided our views in this contribution for discussion. Supporting simulation results are also available for information.
2	Discussion
2.1 Scenario and channel model
Channel model
According to TR38.811 Table 6.7.2-7b and together considering the elevation angle equals to 30o, the corresponding average K-factor = 8.4dB. In Rel-17, however, we already defined NTN-TDLC3.5-200 channel model with k-factor 8.04. To avoid defining new channel model profile with the only difference k-factor, we have studied the performance difference with two k-factor values. Based on the simulation results in [2], minor performance difference has been observed for configuring different k-factors. Therefore, we propose to reuse NTN-TDLC5 channel model profile defined in NTN FR1.
Proposal 1: Reuse NTN-TDLC5 channel model profile defined in Rel-17 NTN FR1 requirements for defining demodulation requirements for NTN >10GHz bands. 
Doppler
In previous meeting, some candidate options are agreed to be considered for Doppler used by NTN FR2 channel model. 
	Issue 1-1-3: Doppler
· Agreement: Consider the following Doppler value for initial evaluation
· UE: [600Hz, 1200HZ, 2000Hz]
· SAN: [600Hz, 3000Hz]
· Leave some margin with respect to 0.1ppm requirement if all of them found to be feasible. Margin to be discussed.



Generally, the Doppler value in 3GPP channel model is interpreted as Doppler spread caused by node movement under a multipath environment. But in FR2 NTN scenario, the LOS path is dominant due to typical SAN and UE deployment. Then the Doppler spread would be quite small due to the dominant LOS path. In that case, the Doppler value in channel model is mostly considered as the relative frequency shift. Regarding NTN UE capability of UL pre-compensation, the frequency shift at the SAN receiver side is residual Doppler error after compensation. 
Among these options, concerns have been raised on the feasibility of higher Doppler values to be used for defining demodulation requirements. However, if we look at the highest value within available options, it becomes evident that it is much lower than the Doppler value considered in FR2 HST scenario (9722Hz for DL and 19444Hz in for UL). In FR2 HST, the UE is unable to compensate Doppler shift, yet simulation results for the UL channels revealed that even one DM-RS is feasible for a Doppler shift of 19444Hz. 
Furthermore, our simulation results [2][3] also revealed that the SNR point of 70% of max throughput configuring the highest Doppler value within all candidates is reasonable for defining demodulation requirements. Besides, the performance degradation in comparison to results of 600Hz Doppler is quite minor so that the necessity of the margin mentioned in the agreed WF is questionable.  
Observation 1:  Much higher Doppler value (9233Hz for DL and 19444Hz for UL) is considered in FR2 HST requirements.
Observation 2: Simulation results showed that following Doppler values are feasible for NTN >10GHz deployment with NTN-TDLC5
· 2000Hz for DL
· 3000Hz for UL 
Proposal 2: Consider Doppler value 2000Hz for DL and 3000Hz for UL for defining requirements.
2.2 UE demodulation requirements 
HARQ process for above 10GHz bands
RAN4 demod session has already defined requirements for 16 HARQ, 32 HARQ and disable HARQ in Rel-17 with corresponding UE capability reporting. As for Rel-18 NTN with above 10GHz bands, we see the constant need on same set of requirements so that we propose to consider 16 HARQ, 32 HARQ and disable HARQ for defining PDSCH requirements.
Proposal 3: Consider 16 HARQ, 32 HARQ and disable HARQ for defining PDSCH requirements.
Whether to define PDCCH demodulation requirements for above 10GHz bands
To ensure the PDCCH performance for over 10GHz bands, we believe the corresponding requirements shall be defined. 
In Rel-17, RAN4 agreed to reuse TN PDCCH demodulation requirement since the NTN device is supposed to support TN network as well so that the performance can be guaranteed with such TN requirements. However, for FR2, considering there is no PDCCH demodulation requirements for FDD and 1T1R to be reused, we propose to define new requirements for Rel-18 PDCCH above 10GHz bands targeting 1T1R parabolic VSAT with circular polarization.
Proposal 4: Define new requirements for Rel-18 PDCCH above 10GHz bands.
Channel bandwidth
For the channel bandwidth there are two candidate options captured in the agreed WF [1]:
	Issue 2-2-2: Channel bandwidth
· Proposals
· Option 1: 100MHz
· Option 2: 200MHz



We prefer option 1: 100MHz.
The maximum channel bandwidth defined for FR2 is 200MHz. However, according to the spec. 38.101-4, RAN4 has already defined FR2 demodulation requirements mainly for 100MHz bandwidth at 120kHz SCS. Therefore, we propose to reuse 100MHz for defining NTN PDSCH requirement. We believe 100MHz bandwidth is more typical than the maximum 200MHz, plus there is no UE processing difference by only increasing the bandwidth.
Proposal 5: Option 1: 100MHz for channel bandwidth.
Antenna configuration
Following the discussion in RAN4 #109 meeting, we discussed candidate options considering different antenna configurations:
	Issue 2-2-3: Antenna configuration
· Proposals
· Option 1: 1Tx1Rx
· Option 1a: Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed
· Option 1b: Consider 1T1R parabolic VSAT as a starting point
· Option 2: Need further clarification on impact to demodulation performance with parabolic VSAT antenna configuration
· Option 3: Both 1Tx1Rx and 1Tx2Rx, with antenna type not limit to parabolic, but also phase antenna array



According to the input from satellite companies, parabolic VSAT is preferred to be deployed with circular polarization, which is the main focus in RF session as well.  Thus, 1T1R configuration shall be considered as the top priority. Given that it is unclear if the VSAT can deploy phase array with two linear-polarization at the same time and switch it on demand, we propose to consider option 1a to move forward.
Proposal 6: Option 1a: Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed.
Beamforming and beam steering
RAN4 demodulation seldom considers beamforming and beam steering in the way of introducing new requirements, as it’s considered to have no impact on the baseband processing. Although the beam steering model is specified in 38.101-4 (section b.2.3.2.3), the purpose is to verify PMI reporting performance for the massive 2D cross-polarized antenna array at gNB instead of PDSCH demodulation with single Tx. Thus, we propose not to consider beamforming and beam steering for FR2 NTN demodulation requirements.
Proposal 7: Do not consider beamforming and beam steering for FR2 NTN demodulation requirements.
Rx phase noise
During last RAN4 #109 meeting’s discussion, companies shared different views on whether to consider Rx phase noise impact in the simulation and results alignment:
	Issue 2-2-5: Rx phase noise
· Proposals
· Option 1: Take Rx phase noise impact into impairment results and companies could give proper values based on preferred PN model.
· Option 2: Do not consider any PN impact in the simulation and in ideal simulation results alignment



Following simulation results captured in our companion contribution [2] revealed our investigation on the impact from the assumed phase noise:
Table 2.2-1 Simulation results with phase noise model 1
	Propagation condition
	k-factor
(dB)
	MCS
	SNR (dB)     No PN         (50k Slots)
	SNR (dB)            
PN Model 1 with No Compensation   (50k Slots)
	Gap

	NTN-TDLC5- 2000Hz
	8,09
	4
	-0.73
	-0.58
	0.15

	
	
	13
	7.08
	7.36
	0.28

	
	
	18
	10.64
	10.99
	0.35

	NTN-TDLC5- 600Hz(doppler)
	8,09
	4
	-1.36
	-1.26
	0.1

	
	
	13
	6.35
	6.61
	0.26

	
	
	18
	9.85
	10.21
	0.36



Table 2.2-2 Simulation results with phase noise model 2
	Propagation condition
	k-factor
(dB)
	MCS
	SNR (dB)     No PN         (50k Slots)
	SNR (dB)            
PN Model 1 with No Compensation   (50k Slots)
	Gap

	NTN-TDLC5- 2000Hz
	8,09
	4
	-0.73
	-0.58
	0.15

	
	
	13
	7.08
	7.37
	0.29

	
	
	18
	10.64
	10.98
	0.34

	NTN-TDLC5- 600Hz(doppler)
	8,09
	4
	-1.36
	-1.25
	0.11

	
	
	13
	6.35
	6.62
	0.27

	
	
	18
	9.85
	10.21
	0.36



From the simulation results above, we can observe that the maximum gap between the SNR no phase noise and SNR with phase noise is 0.36dB, which is considered to be as minor impact on the PDSCH performance under the frequency of 20GHz.
Observation 3: The maximum gap between the SNR no phase noise and SNR with phase noise is 0.36dB 				
Observation 4: There is only minor impact to PDSCH performance from phase noise under the frequency of 20GHz. 
Proposal 8: Option 2: Do not consider any PN impact in the simulation and in ideal simulation results alignment.
MCS for PDSCH
Regarding the modulation order/MCS for PDSCH test cases, candidate options including: QPSK(MCS4), 16QAM(MCS13) and 64QAM:
	Issue 2-3-1: MCS for PDSCH
· Proposals
· [bookmark: _Hlk156567809]Option 1: MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48)
· Option 2: 16QAM as baseline, FFS 64QAM
· Option 3: QPSK, 16QAM



According to link budget in TR38.821 [4], the target SNR values are summarized in the following table.
Table 2.1.31 Link budget results for Ka band
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC1
	DL
	20.0
	96.0
	15.9
	400.0
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	400.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	0.5

	SC2
	DL
	20.0
	91.2
	15.9
	133.3
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	133.3
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	5.2

	SC3
	DL
	20.0
	93.0
	15.9
	200.0
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	200.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	3.5

	SC6
	DL
	20.0
	60.0
	15.9
	400.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	18.4

	SC7
	DL
	20.0
	55.2
	15.9
	133.3
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	23.1

	SC8
	DL
	20.0
	57.0
	15.9
	200.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	21.4

	SC11
	DL
	20.0
	66.0
	15.9
	400.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	13.0

	SC12
	DL
	20.0
	61.2
	15.9
	133.3
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	17.8

	SC13
	DL
	20.0
	63.0
	15.9
	200.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	16.0

	SC16
	DL
	20.0
	88.0
	15.9
	400.0
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	400.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-6.3

	SC17
	DL
	20.0
	83.2
	15.9
	133.3
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	133.3
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-1.6

	SC18
	DL
	20.0
	85.0
	15.9
	200.0
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	200.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-3.3

	SC21
	DL
	20.0
	52.0
	15.9
	400.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	10.4

	SC22
	DL
	20.0
	47.2
	15.9
	133.3
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	15.1

	SC23
	DL
	20.0
	49.0
	15.9
	200.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	13.4

	SC26
	DL
	20.0
	58.0
	15.9
	400.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	5.0

	SC27
	DL
	20.0
	53.2
	15.9
	133.3
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	9.8

	SC28
	DL
	20.0
	55.0
	15.9
	200.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	8.0

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].



Observation 5: The DL CNR range is 0.5 ~ 11.6dB and UL CNR range is -3.3 ~ 21.4dB when channel bandwidth <=200MHz. 
Based on our initial simulations with LOS channel on 1T1R, the MCS17 would require around 10~11dB SNR. If NLOS channel and Rx PN impact are considered, 64QAM might not be feasible for DL but be feasible for UL on Ka band. In addition, RAN4 has defined requirements for both MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48) for Rel-17 NTN PDSCH demodulation. Thus, we propose option 1: MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48) for Rel-18 NTN PDSCH requirements.
Proposal 9: Option 1: MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48) for PDSCH requirements.
PDCCH aggregation level
Candidate options for PDCCH aggregation level:
	Issue 2-3-4: PDCCH aggregation level (If agreed to be introduced)
· Proposals
· Option 1: 8 as baseline
· Option 2: 2 and 4
· Option 3:4, 8 and 16



As for the PDCCH aggregation level, we are of the opinion to reuse the assumptions of FR2 PDCCH requirement in Table 7.3.2.2.1-1 in 38.101-4, which is to consider aggregation level 2 and 4 for 100MHz/120kHz scenario.
Proposal 10: Option 2: 2 and 4 for PDCCH aggregation level.
3	Summary
In this contribution, we provided our views on the open issues for the general and UE demodulation for Rel-18 NTN enhancement.
We summarized our observations and proposals as follows:
Proposal 1: Reuse NTN-TDLC5 channel model profile defined in Rel-17 NTN FR1 requirements for defining demodulation requirements for NTN >10GHz bands. 
Observation 1:  Much higher Doppler value (9233Hz for DL and 19444Hz for UL) is considered in FR2 HST requirements.
Observation 2: Simulation results showed that following Doppler values are feasible for NTN >10GHz deployment with NTN-TDLC5
· 2000Hz for DL
· 3000Hz for UL 
Proposal 2: Consider Doppler value 2000Hz for DL and 3000Hz for UL for defining requirements.
Proposal 3: Consider 16 HARQ, 32 HARQ and disable HARQ for defining PDSCH requirements.
Proposal 4: Define new requirements for Rel-18 PDCCH above 10GHz bands.
Proposal 5: Option 1: 100MHz for channel bandwidth.
Proposal 6: Option 1a: Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed.
Proposal 7: Do not consider beamforming and beam steering for FR2 NTN demodulation requirements.
Observation 3: The maximum gap between the SNR no phase noise and SNR with phase noise is 0.36dB 				
Observation 4: There is only minor impact to PDSCH performance from phase noise under the frequency of 20GHz. 
Proposal 8: Option 2: Do not consider any PN impact in the simulation and in ideal simulation results alignment.
Observation 5: The DL CNR range is 0.5 ~ 11.6dB and UL CNR range is -3.3 ~ 21.4dB when channel bandwidth <=200MHz. 
Proposal 9: Option 1: MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48) for PDSCH requirements.
Proposal 10: Option 2: 2 and 4 for PDCCH aggregation level.
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