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Background
During RAN4#110 meeting, WF [1] on NR_NTN_enh_SAN_UE_demod was approved. In this contribution, we share our views about UE demodulation requirements for NR NTN enhancements.
Discussion
Channel model
Doppler for DL
	· Way forward
· Option 1 (Apple, Huawei): 600Hz
· Option 2 (Qualcomm): 1200Hz
· Option 3 (Ericsson): 2000Hz



In previous meeting, the agreements have been reached that 120kHz SCS is used for both downlink and uplink for FR2 NTN. For the downlink, the maximum tracking range using TRS at 120kHz SCS is about 14kHz. For the uplink, the maximum tracking range using DMRS with pos1 configuration at 120kHz SCS is about 7kHz. So it is feasible for both downlink and uplink to handle the Doppler shift value up to 0.1ppm, i.e. 2000Hz for UE side. However, the Doppler used for the NTN cases is Doppler spread rather than Doppler shift, so the performance will be degraded with the larger Doppler value, as our evaluation results shown in following Figure 2.1.2-1. Therefore, we propose to select 600Hz for UE side for FR2 NTN.
Figure 2.1.2-1 Simulation results for different Doppler value
[image: ] 
Select 600Hz for UE side for FR2 NTN.
Test scope
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 understanding, the only difference between LEO and GEO is the K_offset value that has no impact on the demodulation processing. So we propose to consider one set of requirements for both NGSO and GSO.
Consider one set of requirements for both NGSO and GSO.
For the K_offset selection, here we derived the satellite-UE RTT delay for tilt angle α=30° (illustrated in Figure 2.2.1-1) under different scenario as showing in Table 2.2.2-1.
Table 2.2.2-1 Satellite-UE RTT delay for tilt angle α=30° under different scenario
	
	Unit

	
	ms
	K_offset
	slot

	Delay/ms
	LEO-600
	7.17
	8
	64

	
	LEO-1200
	13.34
	14
	112

	
	GEO
	257.58
	258
	2064





Figure 2.2.2-1 Illustration of the tilt angle α
We can see that even with 32 HARQ processes, there is still HARQ stalling for all candidate scenarios. To reduce the simulation time and the test time, we propose to only consider K_offset = 8 that corresponding to 64 slots for 120kHz SCS.
Even with 32 HARQ processes, there is still HARQ stalling for all candidate scenarios.
Only consider K_offset = 8 that corresponding to 64 slots for 120kHz SCS
Test scope
General
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



For the antenna configuration, we think both 1Tx1Rx and 1Tx2Rx are feasible to be considered for FR2 NTN. In addition, the antenna type should not limit to parabolic, but also phase antenna array, although there is no impact on baseband processing.
Consider both 1Tx1Rx and 1Tx2Rx for FR2-NTN, with antenna type not limit to parabolic, but also phase antenna array, although there is no impact on baseband processing.
Applicability rule
	· Way forward
· Option 1: Adding similar applicability rule for FR2 NTN UE optional capabilities as in Rel-17 FR1 NTN UE
	UE-NR-Capability-v1700
	Applicability

	nonTerrestrialNetwork-r17
	ntn-ScenarioSupport-r17
	

	Supported
	GSO only
	UE needs to pass the test in Section x of TS38.101-5

	
	NGSO only
	UE needs to pass the test in Section x of TS38.101-5

	
	N/A
Note: N/A means UE supports both GSO and NGSO
	UE needs to pass the test in Section x of TS38.101-5



· Option 2: Discuss applicability rules once we have concluded the discussion on scenarios and test setup.



Considering that there are optional NTN features that may be supported FR2 NTN UE, there is necessity to adding similar applicability rule for FR2 NTN UE optional capabilities as in Rel-17 FR1 NTN UE.
Adding similar applicability rule for FR2 NTN UE optional capabilities as in Rel-17 FR1 NTN UE.
PDCCH
Aggregation level
	· Agreement
· Option 1: 8 as baseline
· Option 2: 2 and 4
· Option 3: 4, 8 and 16



Since that the link budget is not very good for the downlink, we think higher aggregation level has benefit for above 10 GHz bands. Considering the test coverage, we propose to consider aggregation level 4, 8 and 16 for FR2 NTN demodulation requirements.
Consider aggregation level 4, 8 and 16 for FR2 NTN demodulation requirements as Table 2.3.2-1.
Table 2.3.2-1 Proposed PDCCH cases for NTN
	Bandwidth (MHz)
	SCS (kHz)
	CORESET RB
	CORESET duration
	Aggregation level
	CCE to REG mapping type
	REG bundle size
	Interleaver size
	Shift index
	DCI format
	Payload (without CRC)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Test metric

	100 
	120
	60
	1
	4 
	Interleaved
	6
	2
	0
	1_1
	56
	NTN-TDLC5-600
	1x1, 1x2
	1% of Pm-dsg

	100 
	120
	60
	1
	8 
	Interleaved
	2
	3
	0
	1_1
	56
	NTN-TDLC5-600
	1x1, 1x2
	1% of Pm-dsg

	100 
	120
	60
	2
	16 
	Interleaved
	2
	3
	0
	1_0
	40
	NTN-TDLC5-600
	1x1, 1x2
	1% of Pm-dsg



Proposals
In this contribution, we discuss on UE demodulation requirements for NR NTN enhancements. Our observations and proposals are:
1. Select 600Hz for UE side for FR2 NTN.
Consider one set of requirements for both NGSO and GSO.
1. Even with 32 HARQ processes, there is still HARQ stalling for all candidate scenarios.
Only consider K_offset = 8 that corresponding to 64 slots for 120kHz SCS
Consider both 1Tx1Rx and 1Tx2Rx for FR2-NTN, with antenna type not limit to parabolic, but also phase antenna array, although there is no impact on baseband processing.
Adding similar applicability rule for FR2 NTN UE optional capabilities as in Rel-17 FR1 NTN UE.
Consider aggregation level 4, 8 and 16 for FR2 NTN demodulation requirements as Table 2.3.2-1.
Table 2.3.2-1 Proposed PDCCH cases for NTN
	Bandwidth (MHz)
	SCS (kHz)
	CORESET RB
	CORESET duration
	Aggregation level
	CCE to REG mapping type
	REG bundle size
	Interleaver size
	Shift index
	DCI format
	Payload (without CRC)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Test metric

	100 
	120
	60
	1
	4 
	Interleaved
	6
	2
	0
	1_1
	56
	NTN-TDLC5-600
	1x1, 1x2
	1% of Pm-dsg

	100 
	120
	60
	1
	8 
	Interleaved
	2
	3
	0
	1_1
	56
	NTN-TDLC5-600
	1x1, 1x2
	1% of Pm-dsg

	100 
	120
	60
	2
	16 
	Interleaved
	2
	3
	0
	1_0
	40
	NTN-TDLC5-600
	1x1, 1x2
	1% of Pm-dsg
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