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1	Introduction
For the past RAN4 103-e meeting, companies carefully discussed the detailed assumptions of PDSCH demodulation requirement. A way forward was approved carrying all the agreements and guide the future simulations. However, there are still some issues left FFS. 
In this contribution, we also shared our proposed test cases and initial simulation results for both NLOS and LOS scenarios. 
2	Discussion
2.1 Scenario
According to the last meeting’s agreement, the issue of scenario of PDSCH requirement will be further discussed in next meeting. 
	Issue 2-1-1: PDSCH requirements for GEO and LEO
· Proposals
· Option 1: Define the requirements for LEO only
· Option 2: Define the requirements for LEO and GEO separately if time-varying propagation delay is assumed
· Agreements: 
· Further discuss in next meeting.



With the agreement on issue 1-2-2: Doppler shift due to satellite motion DL in service link that do not verify the UE compensation prior to the baseband processing, we think there is no difference between GEO and LEO from demodulation point of view. 
	Issue 1-2-2: Doppler shift due to satellite motion for DL in service link
· Proposals
· Option 1: Do not verify the UE compensation prior to the baseband processing. The maximum doppler shift is residual frequency offset, i.e., 0.1ppm.
· Option 2: If no other test cases (including Demod/RRM/RF) cover the frequency error after UE compensation, consider the maximum doppler shift 24ppm, i.e., 48 cos⁡〖α_model 〗 (kHz) , where α_model is the chosen satellite elevation angle, to verify the UE compensation prior to the baseband processing.
· Agreements: 
· Option 1 under the assumption UE compensation functionality will be covered by other requirements i.e., RF requirements.
· It’s FFS whether this already covered by other requirement (RF and or RRM); RAN4 can further discuss whether this need to be verified by demodulation requirements if RAN4 conclude it’s not covered by other requirements (RF and or RRM).



In this case, we support open 1 in issue 2-1-1: PDSCH requirements for GEO and LEO that define the requirements for LEO only.
Proposal 1: Define the requirements for LEO only
As for the applicability rules, most of them were agreed except for the UE capability of GSO only. 
	· Further discuss the applicability of GSO only in the next meeting.



To our understanding, the channel model for GEO is similar to that of TN scenario. UEs that pass the TN demodulation requirements are expected to pass the NTN GEO test (if any). In this case, the applicability for GSO only is proposed to be the same as ‘nonTerrestrialNetwork-r17’: UE needs to pass TS38.101-4 requirements only.
It was left open also because in the last RAN4 103-e meeting, whether to define requirements for GEO was not decided. With the agreements on having the assumption of delay spread and Doppler shift will be based on the residual frequency error after the compensation prior to baseband processing, we think there is no need for an additional requirement for GEO (GSO) scenario.  
Proposal 2: The applicability for GSO only is proposed to be the same as ‘nonTerrestrialNetwork-r17’: UE needs to pass TS38.101-4 requirements only.
2.2 Open issues
2.2.1 k_offset value
From the last meeting’s agreements [1], the k_offset shall be selected as equal to or greater than twice the satellite-UE one-way delay. 
	Issue 2-2-1: K_offset value
· Proposals
· Option 1: To discuss the specific K_offset values based on the elevation angle
· Option 2: Define the requirements for LEO and GEO separately if time-varying propagation delay is assumed
· Agreements: 
· Select the K_offset value equal to or greater than twice the satellite-UE one-way delay
· Further discuss the specific K_offset values based on the elevation angle.



For NLOS channel NTN-TDLA, we can select k_offset corresponding to the elevation angle 30o, since it can be considered as the worst case from link budget [2]. 
For LOS channel NTN-TDLC, based on our discussion paper [2], smaller K-factor leads to worse performance for LOS NTN channel. Delay spread impact is very small regarding to NTN LOS scenarios.  In this case, we propose to consider k_offset corresponding to the elevation angle 90°, to reflect the worst case.
However, our understanding the k_offset will not affect much on the demodulation performance, but we still need to specify it in the simulation assumption for information. 
Proposal 3: k_offset refers to 30o elevation angle for NTN-TDLA test cases and refers to 90° elevation angle for NTN-TDLC test cases 
2.3 Test case design and simulation results
2.3.1 Requirement with NTN-TDLA
In the previous meeting companies agreed to consider defining requirement with NTN-TDLA channel model. Meanwhile, QPSK and 16QAM were also agreed to be selected as modulation configurations. Based on that, we share our suggested test cases and simulation results. 
We also verify the impact of different delay spread. For each modulation order configuration there will be three test cases comparing delay spread: 100ns, 150ns and 200ns. Test cases and simulation results are summarized below:
Configuring QPSK
Table 2.1.1-1: Test cases for NLOS, NTN-TDLA, QPSK
	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) 
DMRS 

	1-1 
	R.PDSCH.1-1.1 FDD (QPSK) 
	10 / 15 
	QPSK, 0.30 
	NTN-TDLA100(delay)-200(doppler) 
	1x2, ULA Low 
	70 
	-2.5

	1-2 
	R.PDSCH.1-1.1 FDD (QPSK) 
	10 / 15 
	QPSK, 0.30 
	NTN-TDLA150-200 
	1x2, ULA Low 
	70 
	-2.5

	1-3 
	R.PDSCH.1-1.1 FDD (QPSK) 
	10 / 15 
	QPSK, 0.30 
	NTN-TDLA200-200 
	1x2, ULA Low 
	70 
	-2.5



Configuring 16QAM
Table 2.1-2-1: Simulation results for NLOS, NTN-TDLA, 16QAM
	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) 
DMRS 

	1-4 
	R.PDSCH.1-2.1 FDD (16QAM) 
	10 / 15 
	16QAM, 0.48 
	NTN-TDLA100-200 
	1x2, ULA Low 
	70 
	5.9

	1-5 
	R.PDSCH.1-2.1 FDD (16QAM) 
	10 / 15 
	16QAM, 0.48 
	NTN-TDLA150-200 
	1x2, ULA Low 
	70 
	5.9

	1-6 
	R.PDSCH.1-2.1 FDD (16QAM) 
	10 / 15 
	16QAM, 0.48 
	NTN-TDLA200-200 
	1x2, ULA Low 
	70 
	5.9



From the simulation results above, we can conclude that for NTN-TDLA channel, there is no obvious performance difference between configuring delay spread 100ns, 150ns and 200ns. We can only select 100ns as the delay spread to design the test case and to define requirement. 
Observation 1: No obvious performance difference between configuring delay spread 100ns, 150ns and 200ns for NTN-TDLA
Proposal 4: Consider the following test cases for NTN-TDLA channel model:
	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) 
DMRS 

	1-1 
	R.PDSCH.1-1.1 FDD (QPSK) 
	10 / 15 
	QPSK, 0.30 
	NTN-TDLA100-200 
	1x2, ULA Low 
	70 
	TBD

	1-2
	R.PDSCH.1-2.1 FDD (16QAM) 
	10 / 15 
	16QAM, 0.48 
	NTN-TDLA100-200 
	1x2, ULA Low 
	70 
	TBD



2.3.2 Requirement with NTN-TDLC
As for NTN-TDLC channel model, following tables are showing different delay and k-factor configurations for each elevation angle:
Table 2.3.2-1 NTN-TDL-C normalized tap Delay, tap power and K-factor for Suburban LOS on S-band  
	Scenario 
	Suburban LOS  

	Angle 
	 
	Tap#1 
	Tap#2 
	K-factor [dB] 
	Delay spread [ns] 
	LOS probability 

	10o 
	Norm Delay  
	0 
	0 
	118.82 
	11.4 
	6.9 
	78.2% 

	
	Power [dB] 
	-0.39 
	-12.02 
	-24.77 
	
	
	

	20o 
	Norm Delay  
	0 
	0 
	115.89 
	19.45 
	2.8 
	86.9% 

	
	Power [dB] 
	-0.39 
	-20.07 
	-32.82 
	
	
	

	30o 
	Norm Delay  
	0 
	0 
	93.51 
	20.8 
	1.9 
	91.9% 

	
	Power [dB] 
	-0.39 
	-21.42 
	-34.17 
	
	
	

	40o 
	Norm Delay  
	0 
	0 
	100.16 
	21.2 
	1.9 
	92.9% 
 

	
	Power [dB] 
	-0.39 
	-21.82 
	-34.57 
	
	
	

	50o 
	Norm Delay  
	0 
	0 
	102.46 
	21.6 
	1.9 
	93.5% 

	
	Power [dB] 
	-0.39 
	-22.22 
	-34.97 
	
	
	

	60o 
	Norm Delay  
	0 
	0 
	95.25 
	19.75 
	2.2 
	94.0% 

	
	Power [dB] 
	-0.39 
	-20.37 
	-33.12 
	
	
	

	70o 
	Norm Delay  
	0 
	0 
	76.37 
	12 
	4.2 
	94.9% 

	
	Power [dB] 
	-0.39 
	-12.62 
	-25.37 
	
	
	

	80o 
	Norm Delay  
	0 
	0 
	91.83 
	12.85 
	4.6 
	95.2% 

	
	Power [dB] 
	-0.39 
	-13.47 
	-26.22 
	
	
	

	90o 
	Norm Delay  
	0 
	0 
	91.83 
	12.85 
	4.6 
	99.8% 

	
	Power [dB] 
	-0.39 
	-13.47 
	-26.22 
	
	
	


 
Table 2.3.2-2 NTN-TDL-C normalized tap Delay, K-factor and tap power for Urban LOS on S-band  
	Scenario 
	Urban LOS 

	Angle 
	 
	Tap#1 
	Tap#2 
	K-factor [dB] 
	Delay spread [ns] 
	LOS probability 

	10o 
	Norm Delay  
	0 
	0 
	1864.74 
	31.83 
	10.7 
	24.6% 

	
	Power [dB] 
	-0.39 
	-32.45 
	-45.2 
	
	
	

	20o 
	Norm Delay  
	0 
	0 
	295.78 
	18.78 
	7.6 
	38.6% 

	
	Power [dB] 
	-0.39 
	-19.4 
	-32.15 
	
	
	

	30o 
	Norm Delay  
	0 
	0 
	96.15 
	10.49 
	6.2 
	49.3% 

	
	Power [dB] 
	-0.39 
	-11.11 
	-23.86 
	
	
	

	40o 
	Norm Delay  
	0 
	0 
	56.17 
	7.46 
	4.9 
	61.3% 

	
	Power [dB] 
	-0.39 
	-8.08 
	-20.83 
	
	
	

	50o 
	Norm Delay  
	0 
	0 
	44.74 
	6.52 
	4.3 
	72.6% 

	
	Power [dB] 
	-0.39 
	-7.14 
	-19.89 
	
	
	

	60o 
	Norm Delay  
	0 
	0 
	38.83 
	5.47 
	4.1 
	80.5% 

	
	Power [dB] 
	-0.39 
	-6.09 
	-18.84 
	
	
	

	70o 
	Norm Delay  
	0 
	0 
	36.66 
	4.54 
	4.2 
	91.9% 

	
	Power [dB] 
	-0.39 
	-5.16 
	-17.91 
	
	
	

	80o 
	Norm Delay  
	0 
	0 
	37.66 
	4.03 
	4.5 
	96.8% 

	
	Power [dB] 
	-0.39 
	-4.65 
	-17.4 
	
	
	

	90o 
	Norm Delay  
	0 
	0 
	37.47 
	3.68 
	4.6 
	99.2% 

	
	Power [dB] 
	-0.39 
	-4.3 
	-17.05 
	
	
	



One left open issue for NTN-TDLC PDSCH demodulation requirement is to decide the elevation angle and its corresponding k-factor and delay spread. Here we shared our simulation results for comparing the impact of different delay spread and k-factor configurations:
Table 2.3.2-3 Simulation results for LOS, NTN-TDLC, QPSK
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Delay spread(ns)
	k-factor(dB)
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
DMRS 1+2 additional

	1-1
	R.PDSCH.1-1.1 FDD (QPSK)
	10 / 15
	QPSK, 0.30
	2
	3
	1x2, ULA Low
	70
	-2.76

	1-2
	
	
	
	6
	
	
	
	-2.78

	1-3
	
	
	
	10
	
	
	
	-2.80

	2-1
	
	
	
	2
	7
	
	
	-3.32

	2-2
	
	
	
	6
	
	
	
	-3.33

	2-3
	
	
	
	10
	
	
	
	-3.34

	3-1
	
	
	
	2
	12
	
	
	-3.79

	3-2
	
	
	
	6
	
	
	
	-3.80

	3-3
	
	
	
	10
	
	
	
	-3.80

	4-1
	
	
	
	2
	18
	
	
	-4.15

	4-2
	
	
	
	6
	
	
	
	-4.15

	4-3
	
	
	
	10
	
	
	
	-4.15



From the simulation results above, we can conclude that negligible performance impact can be observed for configuring different delay spreads under a fixed k-factor. However, we can see that k-factor makes much influence and configuring k-factor = 3dB can have the worst performance. Thus, 90° of urban LOS and rural LOS can be selected as the scenario for designing the test case. 
Observation 2: Negligible performance impact can be observed for configuring different delay spread under a fixed k-factor
Observation 3: k-factor makes much influence and configuring k-factor = 3dB can have the worst performance
Here we propose the following candidate test cases based on the k-factors and delay of 90°:
Note: The corresponding delay spread is 6.5ns. Regarding the current 5ns resolution for delay profile, the 10ns delay would be suitable.
	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) 
DMRS 

	2-1 
	R.PDSCH.1-1.1 FDD (QPSK) 
	10 / 15 
	QPSK, 0.30 
	NTN-TDLC10-200 
	1x2, ULA Low 
	70 
	TBD

	2-2 
	R.PDSCH.1-2.1 FDD (16QAM) 
	10 / 15 
	16QAM, 0.48 
	NTN-TDLC10-200
	1x2, ULA Low 
	70 
	TBD



Proposal 5: Consider the following test cases for NTN-TDLC channel model:
	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) 
DMRS 

	2-1 
	R.PDSCH.1-1.1 FDD (QPSK) 
	10 / 15 
	QPSK, 0.30 
	NTN-TDLC10-200 
	1x2, ULA Low 
	70 
	TBD

	2-2 
	R.PDSCH.1-2.1 FDD (16QAM) 
	10 / 15 
	16QAM, 0.48 
	NTN-TDLC10-200
	1x2, ULA Low 
	70 
	TBD



3	Summary
In this contribution, we share our views on the open issues for SA UE PDSCH demodulation requirements. Here, we summarize our observations and proposals:
Proposal 1: Define the requirements for LEO only
Proposal 2: The applicability for GSO only is proposed to be the same as ‘nonTerrestrialNetwork-r17’: UE needs to pass TS38.101-4 requirements only.
Proposal 3: k_offset refers to 30o elevation angle for NTN-TDLA test cases and refers to 90° elevation angle for NTN-TDLC test cases 
Observation 1: No obvious performance difference between configuring delay spread 100ns, 150ns and 200ns for NTN-TDLA
Proposal 4: Consider the following test cases for NTN-TDLA channel model:
	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) 
DMRS 

	1-1 
	R.PDSCH.1-1.1 FDD (QPSK) 
	10 / 15 
	QPSK, 0.30 
	NTN-TDLA100-200 
	1x2, ULA Low 
	70 
	TBD

	1-2
	R.PDSCH.1-2.1 FDD (16QAM) 
	10 / 15 
	16QAM, 0.48 
	NTN-TDLA100-200 
	1x2, ULA Low 
	70 
	TBD



Observation 2: Negligible performance impact can be observed for configuring different delay spread under a fixed k-factor
Observation 3: k-factor make more influence and configuring k-factor = 3dB can have the worst performance
Proposal 5: Consider the following test cases for NTN-TDLC channel model:
	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) 
DMRS 

	2-1 
	R.PDSCH.1-1.1 FDD (QPSK) 
	10 / 15 
	QPSK, 0.30 
	NTN-TDLC10-200 
	1x2, ULA Low 
	70 
	TBD

	2-2 
	R.PDSCH.1-2.1 FDD (16QAM) 
	10 / 15 
	16QAM, 0.48 
	NTN-TDLC10-200
	1x2, ULA Low 
	70 
	TBD



References
[1]	R4-2210661 WF on NTN Demod-general and PDSCH), Qualcomm Incorporated
[2]	R4-2212234 Discussion on general issue for SAN and UE demodulation requirement, Ericsson
Annex
Simulation assumption
Table 1: Simulation parameters for PDSCH demodulation requirements
	Parameter
	Value

	Number of SAN antennas/UE antennas
	1x2

	Carrier frequency
	2 GHz

	Duplex mode
	FDD

	Bandwidth (MHz) / Subcarrier spacing (kHz)
	10 / 15

	Residual frequency offset
	No FO,
0.1ppm (200Hz)

	Channel model 
	NTN-TDLA (NLOS)
NTN-TDLC (LOS)

	Channel model k-factor
	Refer to the test cases

	MCS
	4 (QPSK)
13 (16QAM)

	Reference measurement channel

	R.PDSCH.1-1.1 FDD (QPSK)
R.PDSCH.1-2.1 FDD (16QAM)

	HARQ
	Maximum number of HARQ transmissions
	1

	DM-RS
	DM-RS configuration type
	Type 1

	 
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Depends on RMC

	
	Number of DM-RS CDM group(s) without data
	1

	Time domain resource assignment
	PDSCH mapping type
	A

	
	Start symbol
	2 

	
	Allocation length
	12

	K_offset 
	
	3 (corresponds to suburban scenario with 50 degrees elevation)



