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1	Introduction
[bookmark: _Hlk528680199]Regarding the UE demodulation requirements, following the conclusion of the last RAN4 #110 meeting in Athens, the testing scope has been established as introducing new requirements for PDSCH and PDCCH for the frequency bands exceeding 10GHz. Several test parameters have been agreed as following configurations:
	Issue 2-2-1: Channel bandwidth
· Agreement
· 200MHz
Issue 2-2-3: Beamforming and beam steering
· Agreements
· Do not consider beamforming and beam steering for FR2 NTN demodulation requirements.
Issue 2-2-4: Rx phase noise
· Agreements
· Do not consider PN impact in ideal simulation results alignment. The phase noise impact can be considered in impairment results
Issue 2-3-1: MCS for PDSCH
· Agreement
· MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48)



In this contribution, we discussed the left open issues for the general part, then discussed the parameter assumptions and provided possible test cases for both PDSCH and PDCCH.
2	Discussion
2.1 General
From our understanding, similar approach as Rel-17 FR1 NTN can be applied so that it is the process that after the pre-compensation we consider for introducing demodulation requirement. The exact value of Doppler should be derived from the residual frequency error 0.1ppm, which is 2000Hz as option 3.
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] 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, for which only 0.5dB loss is observed in comparison to lower Doppler candidates. 
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Figure 2.1-1 Performance comparison among three Doppler candidates (QPSK)
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Figure 2.1-2 Performance comparison among three Doppler candidates (16QAM)
We don’t see any reason not following the same approach as Rel-17 FR1 NTN, since the UE pre-compensation mechanism is the same and the performance in our simulation looks normal. 
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 1: Consider Doppler value 2000Hz for DL and 3000Hz for UL for defining requirements.
2.2 Parameter assumption 
In this section, we discussed the following three issues that related to the UE demodulation requirements:
· Test scope (How to define requirements for GSO and NGSO for above 10GHz bands)
· Antenna configuration
· Test applicability 
2.2.1 Test scope 
Previously RAN4 agreed to introduce demodulation requirements for both GSO and NGSO scenario [2]:
	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.



Following two proposals [1] have been discussed focusing on whether RAN4 should define only one set of requirements to cover both GSO and NGSO.
	Issue 2-1-2: How to define requirements for GSO and NGSO for above 10 GHz bands
· Way forward
· Option 1: Consider 32 HARQ processes for GSO scenarios and 16 HARQ processes for NGSO scenarios.
· Option 2: Consider one set of requirements for both NGSO and GSO.



From our simulation results [3], there is no performance difference for 16 and 32 HARQ process cases, which seems hard to have differentiated requirements for 16 and 32 HARQ process cases. 
Though the HARQ process can be configured as different when testing, in our view, one requirement is sufficient given that there is no baseband processing difference between receiving NGSO and GSO. Therefore, we propose option 2: consider one set of requirements for both NGSO and GSO.
Observation 3: There is no performance difference between 16 and 32 HARQ process.
Observation 4: There is no baseband processing difference between receiving GSO and NGSO.
Proposal 2: Option 2, consider one set of requirements for both NGSO and GSO.
2.2.2 Antenna configuration
As for the antenna configuration, there are three candidates based on the WF [1]:
	Issue 2-2-2: Antenna configuration
· Way forward
· Option 1: 1Tx1Rx
· Option 1a: Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed
· Option 2: 1Tx2Rx
· Option 2a: 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 conclusion in the UE RF session, following UE types have been agreed in RAN4 #110 meeting:
	
	UE class
	UE type
	Type description

	Fixed VSAT
	1
	Fixed VSAT supporting GSO and LEO with mechanical steering antenna.

	
	2
	Fixed VSAT supporting GSO and LEO with electronical steering antenna.

	
	3
	Fixed VSAT supporting LEO only with electronical steering antenna.

	Mobile VSAT
	4
	Mobile VSAT supporting GSO with mechanical steering antenna.

	
	5
	Mobile VSAT supporting GSO with electronical steering antenna.

	Note: Assuming that UE has single beam towards one single satellite at a given time.






While in the agreement, ‘electronical steering antenna’ refers to the phase array and ‘mechanical steering antenna’ refers to the parabolic.
Given the agreements in the UE RF above, we prefer option 3 to consider both 1Tx1Rx and 1Tx2Rx for defining UE demodulation requirements, which can be applied to different UE types by test claiming. 
Proposal 3: Option 3, consider both 1Tx1Rx and 1Tx2Rx
2.3 Test case 
In this section, we shared our proposals on the test cases for PDSCH and PDCCH. 
2.3.1 PDSCH
To better cover more modulation orders and antenna configurations while avoiding duplicate testing, we propose the following test cases for PDSCH:
Proposal 4: Consider following test cases in Table 2.3.1-1 for PDSCH requirements:
Table 2.3.1-1 Proposed test cases for NR NTN PDSCH
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	TBD
	200/120
	QPSK, 
0.30
	NTN-TDLC5-[2000]
	1x1
	70
	

	1-2
	TBD
	200/120
	16QAM, 0.48
	NTN-TDLC5-[2000]
	1x1
	70
	

	1-3
	TBD
	200/120
	QPSK, 
0.30
	NTN-TDLC5-[2000]
	1x1
	70
	

	1-4
	TBD
	200/120
	QPSK, 
0.30
	NTN-TDLC5-[2000]
	1x2 Low
	70
	

	1-5
	TBD
	200/120
	16QAM, 0.48
	NTN-TDLC5-[2000]
	1x2 Low
	70
	

	1-6
	TBD
	200/120
	QPSK, 
0.30
	NTN-TDLC5-[2000]
	1x2 Low
	70
	

	Note 1: 16HAQR for test case 1_2 and 1_5
Note 2: Disabled HARQ feedback for test 1_1 and 1_4, Increasing HARQ for test 1_3 and 1_6




2.3.2 PDCCH
Proposal 5: Consider following test cases in Table 2.3.2-1 for PDCCH requirements:
Table 2.3.2-1 Proposed test cases for NR NTN PDCCH
	Test num.
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	200
	60
	1
	4
	TBD
	NTN-TDLC5-[2000]
	1x1
	1
	

	2
	200
	60
	1
	8
	TBD
	NTN-TDLC5-[2000]
	1x1
	1
	

	3
	200
	60
	1
	4
	TBD
	NTN-TDLC5-[2000]
	1x2 Low
	1
	

	4
	200
	60
	1
	8
	TBD
	NTN-TDLC5-[2000]
	1x2 Low
	1
	



2.4 Test applicability
In Rel-17 FR1 NTN, the following test applicability rule has been agreed and captured in TS38.101-5:
	
	UE feature/capability [TBD]
	Test type
	Test list
	Applicability notes

	NR NTN access (nonTerrestrialNetwork-r17)
	FR1 FDD
	PDSCH
	Clause 8.2.1.2.2.1 (Test 1-1, Test 1-2, Test 1-3, Test 1-4)
	

	NR NTN scenario support (ntn-ScenarioSupport-r17)
	FR1 FDD
	PDSCH
	Clause 8.2.1.2.2.1 (Test 1-1, Test 1-2, Test 1-3, Test 1-4)
	The requirements apply only when ntn-ScenarioSupport-r17 is “ngso” or is not configured.

	Increasing the number of HARQ processes (max-HARQ-ProcessNumber-r17)
	FR1 FDD
	PDSCH
	Clause 8.2.1.2.2.1 (Test 1-3)
	

	Disabled HARQ feedback for downlink transmission (harq-FeedbackDisabled-r17)
	FR1 FDD
	PDSCH
	Clause 8.2.1.2.2.1 (Test 1-4)
	

	Note:	For UE supporting NR NTN access (nonTerrestrialNetwork-r17), the requirements in TS38.101-4 also applies to UE according to applicability rules in TS38.101-4 Clause 5.1, 6.1, 7.1 and 8.1






In our view, for Rel-18 FR2, requirements in TS38.101-4 can not apply to NTN since there is no corresponding FDD FR2 requirements, which is one of the reasons why we need new demodulation requirements in Rel-18 NTN enhancement. Thus, for the new test applicability, we propose to first follow the similar approach in Rel-17 but to remove the bottom Note: For UE supporting NR NTN access (nonTerrestrialNetwork-r17), the requirements in TS38.101-4 also applies to UE according to applicability rules in TS38.101-4 Clause 5.1, 6.1, 7.1 and 8.1. 
The following applicability rule has been proposed for discussion:
Table 2.4-1 Proposed test applicability rule
	UE feature/capability [TBD]
	Test type
	Test list
	Applicability notes

	NR NTN access (nonTerrestrialNetwork-r17)
	FR2 NTN
	PDSCH
	Clause x (Test 1-1, Test 1-2, Test 1-3, Test 1-4, Test 1-5, Test 1-6)
	

	
	
	PDCCH
	Clause y (Test 1, Test 2, Test 3, Test 4)
	

	Increasing the number of HARQ processes (max-HARQ-ProcessNumber-r17) and mechanical steering antenna
	FR2 NTN
	PDSCH
	Clause x (Test 1-3)
	

	
	
	PDCCH
	Test 1 and Test 2 in Clause y ()
	

	Increasing the number of HARQ processes (max-HARQ-ProcessNumber-r17) and electronical steering antenna
	FR2 NTN
	PDSCH
	Clause x (Test 1-6)
	

	
	
	PDCCH
	Test 3 and Test 4 in Clause y ()
	

	Disabled HARQ feedback for downlink transmission (harq-FeedbackDisabled-r17) and mechanical steering antenna
	FR2 NTN
	PDSCH
	Clause x (Test 1-1)
	

	
	
	PDCCH
	Test 1 and Test 2 in Clause y ()
	

	Disabled HARQ feedback for downlink transmission (harq-FeedbackDisabled-r17) and electronical steering antenna
	FR2 NTN
	PDSCH
	Clause x (Test 1-4)
	

	
	
	PDCCH
	Test 3 and Test 4 in Clause y ()
	

	



Proposal 6: Consider table 2.4-1 as the baseline of test applicability rule 
3	Summary
In this contribution, we provided our simulation results for NR NTN PDSCH and PDCCH demodulation requirements.
We summarized our observations as follows:
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 1: Consider Doppler value 2000Hz for DL and 3000Hz for UL for defining requirements.
Observation 3: There is no performance difference between 16 and 32 HARQ process.
Observation 4: There is no baseband processing difference between receiving GSO and NGSO.
Proposal 2: Option 2, consider one set of requirements for both NGSO and GSO.
Proposal 3: Option 3, consider both 1Tx1Rx and 1Tx2Rx
Proposal 4: Consider following test cases in Table 2.3.1-1 for PDSCH requirements:
Table 2.3.1-1 Proposed test cases for NR NTN PDSCH
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	TBD
	200/120
	QPSK, 
0.30
	NTN-TDLC5-[2000]
	1x1
	70
	

	1-2
	TBD
	200/120
	16QAM, 0.48
	NTN-TDLC5-[2000]
	1x1
	70
	

	1-3
	TBD
	200/120
	QPSK, 
0.30
	NTN-TDLC5-[2000]
	1x1
	70
	

	1-4
	TBD
	200/120
	QPSK, 
0.30
	NTN-TDLC5-[2000]
	1x2 Low
	70
	

	1-5
	TBD
	200/120
	16QAM, 0.48
	NTN-TDLC5-[2000]
	1x2 Low
	70
	

	1-6
	TBD
	200/120
	QPSK, 
0.30
	NTN-TDLC5-[2000]
	1x2 Low
	70
	

	Note 1: 16HAQR for test case 1_2 and 1_5
Note 2: Disabled HARQ feedback for test 1_1 and 1_4, Increasing HARQ for test 1_3 and 1_6




Proposal 5: Consider following test cases in Table 2.3.2-1 for PDCCH requirements:
Table 2.3.2-1 Proposed test cases for NR NTN PDCCH
	Test num.
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	200
	60
	1
	4
	TBD
	NTN-TDLC5-[2000]
	1x1
	1
	

	2
	200
	60
	1
	8
	TBD
	NTN-TDLC5-[2000]
	1x1
	1
	

	3
	200
	60
	1
	4
	TBD
	NTN-TDLC5-[2000]
	1x2 Low
	1
	

	4
	200
	60
	1
	8
	TBD
	NTN-TDLC5-[2000]
	1x2 Low
	1
	



Proposal 6: Consider table 2.4-1 as the baseline of test applicability rule 
Table 2.4-1 Proposed test applicability rule
	UE feature/capability [TBD]
	Test type
	Test list
	Applicability notes

	NR NTN access (nonTerrestrialNetwork-r17)
	FR2 NTN

	PDSCH
	Clause x (Test 1-1, Test 1-2, Test 1-3, Test 1-4, Test 1-5, Test 1-6)
	

	
	
	PDCCH
	Clause y (Test 1, Test 2, Test 3, Test 4)
	

	Increasing the number of HARQ processes (max-HARQ-ProcessNumber-r17) and mechanical steering antenna
	FR2 NTN

	PDSCH
	Clause x (Test 1-3)
	

	
	
	PDCCH
	Test 1 and Test 2 in Clause y ()
	

	Increasing the number of HARQ processes (max-HARQ-ProcessNumber-r17) and electronical steering antenna
	FR2 NTN

	PDSCH
	Clause x (Test 1-6)
	

	
	
	PDCCH
	Test 3 and Test 4 in Clause y ()
	

	Disabled HARQ feedback for downlink transmission (harq-FeedbackDisabled-r17) and mechanical steering antenna
	FR2 NTN

	PDSCH
	Clause x (Test 1-1)
	

	
	
	PDCCH
	Test 1 and Test 2 in Clause y ()
	

	Disabled HARQ feedback for downlink transmission (harq-FeedbackDisabled-r17) and electronical steering antenna
	FR2 NTN

	PDSCH
	Clause x (Test 1-4)
	

	
	
	PDCCH
	Test 3 and Test 4 in Clause y ()
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