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Introduction
This document summarises the contributions for Rel-19 Demodulation_Part2 (a combination of demodulation aspects from the following NTN Work Items NR_NTN_Ku_bands-Perf, IoT_NTN_Ph3-Perf, IoT_NTN_TDD-Perf) under AI’s  5.10.3, 6.20.4, and 6.21.3 at RAN4#117.
The proposals from the contributions are grouped into the following topics:  
· Topic #1: NR NTN Ku Band Demodulation
· Topic #2: IoT NTN Phase 3 Demodulation
· Topic #3: IoT NTN TDD Demodulation
· Topic #4: General Alignment and Integration


Topic #1: NR NTN Ku Band Demodulation
Companies’ contributions summary
	T-doc number
	Source
	Proposals / Observations

	R4-2520061
	CATT
	[bookmark: _Hlk213668831]Proposal 1: For clarification, do not define new SAN demodulation requirement, reuse existing SAN demodulation requirements for SAN type 1-O for FR1-NTN Ku-band, and reuse existing SAN demodulation requirements for SAN type 2-O for FR2-NTN Ku-band.
Observation 1: The existing AWGN power level at the SAN input for SAN type 1-O is not applicable for FR1-NTN Ku-band.
Observation 2: For definition of conducted AWGN power level at SAN input, if noise power level is used, the 16dB offset is needed, and if reference sensitivity level is used, the 15dB offset is needed. Conducted AWGN power level = noise power level +16dB = reference sensitivity level +15dB.
Observation 3: Methods for defining of AWGN power level for SAN type 1-O and SAN type 2-O are equivalent.
Proposal 2: Add AWGN power level at the SAN input for PUSCH demodulation requirement for SAN type 1-O operating above 10GHz in Table 11.2.1.4.2-2 of TS 38.181 as below:
[image: ]
Proposal 3: Add the AWGN power level at the SAN input for PUCCH demodulation requirement for SAN type 1-O operating above 10GHz in Table 11.3.1.4.2-2 of TS 38.181 as below:
[image: ]
Proposal 4: Add the AWGN power level at the SAN input for PRACH demodulation requirement for SAN type 1-O operating above 10GHz in Table 11.4.1.4.2-1 of TS 38.181 as below:
[image: ]

	R4-2521355
	Huawei,HiSilicon
	Simulation Results

	R4-2521769
	Ericsson
	Observation 1	The channel model NTN-TDLC5-1200 is not feasible for 15kHz SCS PDSCH requirements.

Proposal 1	Take lower Doppler shift for Ku band FR1 demodulation requirements, such as NTN-TDLC5-600.
[bookmark: _Hlk213670338]Proposal 2	Cover both DCI format 1_0 and 1_1 for Ku band PDCCH demodulation requirements.
Proposal 3	Take cases in Table 2.2-1 for PDCCH demodulation requirement on NTN Ku band.
Proposal 4	Take same channel model as PDSCH demodulation for PDCCH requirement on NTN Ku band.
Proposal 5	Take FRC table in A-1 for PDCCH demodulation requirements on NTN Ku band.

	R4-2521770
	Ericsson
	Simulation Results



Open issues summary
Sub-Topic 1-1: Ku Band SAN Demodulation Requirements
Issue 1-1-1: Reuse of existing requirements
Options:
· Option 1: Do not define new SAN demodulation requirement, reuse existing SAN demodulation requirements for SAN type 1-O for FR1-NTN Ku-band, and reuse existing SAN demodulation requirements for SAN type 2-O for FR2-NTN Ku-band. (CATT)
Recommended Way Forward:
· Discuss during the meeting, and any specification impact this may have – noting Issue 1-1-2, Issue 1-1-3, and Issue 1-1-4.

Issue 1-1-2: AWGN power level at the SAN input for PUSCH demodulation requirement for SAN type 1-O operating above 10GHz
Options:
· Option 1: Add AWGN power level at the SAN input for PUSCH demodulation requirement for SAN type 1-O operating above 10GHz in Table 11.2.1.4.2-2 of TS 38.181 as below (CATT)
[image: ]
Recommended Way Forward:
· Discuss during the meeting whether it is appropriate to change AWGN power level for PUSCH with SAN Type 1-O in Ku Band, input from TE companies is very welcome

Issue 1-1-3: AWGN power level at the SAN input for PUCCH demodulation requirement for SAN type 1-O operating above 10GHz
Options:
· Option 1: Add the AWGN power level at the SAN input for PUCCH demodulation requirement for SAN type 1-O operating above 10GHz in Table 11.3.1.4.2-2 of TS 38.181 as below: (CATT)
[image: ]
Recommended Way Forward:
· Discuss during the meeting whether it is appropriate to change AWGN power level for PUCCH demodulation with SAN Type 1-O in Ku Band, input from TE companies is very welcome.

Issue 1-1-4: AWGN power level at the SAN input for PRACH demodulation requirement for SAN type 1-O operating above 10GHz
Options:
· Option 1: Add the AWGN power level at the SAN input for PRACH demodulation requirement for SAN type 1-O operating above 10GHz in Table 11.4.1.4.2-1 of TS 38.181 as below: (CATT)
[image: ]
Recommended Way Forward:
· Discuss during the meeting whether it is appropriate to change AWGN power level for PRACH demodulation with SAN Type 1-O in Ku Band, input from TE companies is very welcome.

Sub-Topic 1-2: Ku Band UE Demodulation

Issue 1-2-1: Channel Model for PDSCH Requirements
Options:
· Option 1: NTN-TDLC5-600. (Ericsson)
Recommended Way Forward:
· Confirm during the meeting whether NTN-TDLC5-600 is suitable.

Issue 1-2-2: DCI Format for PDCCH Requirements
Options:
· Option 1: Cover both DCI format 1_0 and 1_1 for Ku band PDCCH demodulation requirements. (Ericsson)
Recommended Way Forward:
· Confirm during the meeting whether DCI Formats 1_0 and 1_1 shall both be defined.

Issue 1-2-3: Test Cases for PDCCH Requirements
Options:
· Option 1: Take the following cases for PDCCH demodulation requirement on NTN Ku band. (Ericsson)
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	2-1
	50
	270
	1
	8
	R.PDCCH.A-1.1 FDD
	TBD
	1x1
	1
	TBD

	2-2
	50
	270
	1
	16
	R.PDCCH.A-1.2 FDD
	TBD
	1x1
	1
	TBD

	2-3
	50
	132
	1
	8
	R.PDCCH.A-1.3 FDD
	TBD
	1x1
	1
	TBD

	2-4
	50
	132
	1
	16
	R.PDCCH.A-1.4 FDD
	TBD
	1x1
	1
	TBD



Recommended Way Forward:
· Discuss during the meeting whether the proposed cases are agreeable for PDCCH, noting this is tied to Issue 1-2-5.

Issue 1-2-4: Channel Model for PDCCH Requirements
Options:
· Option 1: NTN-TDLC5-600. (Ericsson)
Recommended Way Forward:
· Confirm during the meeting whether NTN-TDLC5-600 is suitable.

Issue 1-2-5: FRC for PDCCH Requirements
Options:
· Option 1: Take the following FRC for PDCCH demodulation requirement on NTN Ku band. (Ericsson)
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDCCH.A-1.1 FDD
	R.PDCCH.A-1.2 FDD
	R.PDCCH.A-1.3 FDD
	R.PDCCH.A-1.4 FDD

	Subcarrier spacing
	kHz
	15
	15
	30
	30

	CORESET frequency domain allocation
	
	270
	270
	132
	132

	CORESET time domain allocation
	
	1
	2
	1
	2

	Aggregation level
	
	8
	16
	8
	16

	DCI Format
	
	1_0
	1_1
	1_0
	1_1

	Payload (without CRC)
	Bits
	44
	56
	42
	56



Recommended Way Forward:
· Discuss during the meeting whether the proposed FRC are agreeable for PDCCH, noting this is tied to Issue 1-2-3.

Topic #2: IoT NTN Phase 3 Demodulation
Companies’ contributions summary

	T-doc number
	Source
	Proposals / Observations

	R4-2521182
	ZTE Corporation, Sanechips
	Simulation Results

	R4-2521184
	ZTE Corporation, Sanechips
	Draft CR

	R4-2521226
	Ericsson
	Proposal 1: If the span of the companies’ results is large for NPUSCH format 1 simulation result, add extra margin to specify the SAN demodulation requirements, as same as the SAN NPUSCH format 1 demodulation requirements in Rel-18.

	R4-2521227
	Ericsson
	Draft CR

	R4-2521358
	Huawei,HiSilicon
	Simulation Results

	R4-2521472
	Samsung
	Proposal 1: Apply the additional transmitting timing drift to NPUSCH format 1. The values were not considered in TS 36.108, and consider it in TS 36.181 with following value 
	Channel
	Step size Δt

	NPUSCH format 1, 3.75KHz, 1 tone
	[0.32] µs per RU

	NPUSCH format 1, 15KHz, 1 tone
	[0.08] µs per RU




	R4-2521473
	Samsung
	Draft CR

	R4-2521474
	Samsung
	Draft CR



Open issues summary
Sub-topic 2-1: NPUSCH Aspects
Issue 2-1-1: Margin
Options:
· Option 1: If the span of the companies’ results is large for NPUSCH format 1 simulation result, add extra margin to specify the SAN demodulation requirements (Ericsson)
Recommended Way Forward:
· Confirm during RAN4#117 whether additional margin can be added, and if so, how much.

Issue 2-1-2: Transmit Timing Drift
Options:
· Option 1: Apply the additional transmitting timing drift to NPUSCH format 1. The values were not considered in TS 36.108, and consider it in TS 36.181 with following value (Samsung)
	Channel
	Step size Δt

	NPUSCH format 1, 3.75KHz, 1 tone
	[0.32] µs per RU

	NPUSCH format 1, 15KHz, 1 tone
	[0.08] µs per RU



Recommended Way Forward:
· Discuss during RAN4#117 regarding additional transmitting timing drift, and whether the proposed values are agreeable.




Topic #3: IoT NTN TDD Demodulation
Companies’ contributions summary
	T-doc number
	Source
	Proposals / Observations

	R4-2520015
	Nokia
	Draft CR

	R4-2521359
	Huawei,HiSilicon
	1. Select the repetition number value that the total TxDuration not larger than 8ms, i.e. not cross TDD pattern scheduling period.
· NPUSCH format 2: Option 2: 4 with Tx Duration of 2 (Total Duration of 8 ms)
· NPRACH: Option 1
· Format 0: Option 1: 4 with 2 Tx duration (Total duration 8 ms)
· Format 1: Option 1: 2 with 4 Tx duration (Total duration 8 ms)


	R4-2521492
	Samsung
	Frequency offset for NPUSCH1
Observation 1: The frequency offset was set as 8 Hz with assuming 16 repetitions for NPUSCH 1 with 15 KHz SCS and 12 tones scenario, where the total Tx duration time is 16ms
Observation 2: The frequency offset was set as 16Hz with assuming 16 repetitions for NPUSCH 2 with 15 KHz SCS and 12 tones scenario, where total Tx duration time is 16ms
Proposal 1: Configure the value of frequency offset is 2Hz, when defining the requirement for NPUSCH1 with 15KHz SCS and 12 tones scenario. 

Repetition number for NPUSCH 2
Proposal 2: Configure number of repetitions as 4, when defining the requirement for NPUSCH2 with 15KHz SCS and 1 tone scenario.

Frequency offset for NPUSCH 2
Proposal 3: Configure the value of frequency offset is 4Hz, when defining the requirement for NPUSCH2 with 15KHz SCS and 12 tone scenarios. 

Test Metric for NPUSCH 2
Proposal 4: Update the test metric for NPUSCH2 requirement with 1% of ACK missed detection probability 

Timing offset
Proposal 5: Apply the additional transmitting timing drift to NPUSCH format 1 and NPUSCH format 2. Not consider additional transmitting timing drift for NPRACH performance requirements. The values were not considered in TS 36.108, and consider it in TS 36.181 with following value 
	Channel
	Step size Δt

	NPUSCH format 1, 15KHz, 12 tones
	[0.01] µs per RU

	NPUSCH format 2, 15KHz, 1 tone
	[0.02] µs per RU



Channel Model for NPRACH 
Observation 3: Only one channel condition with NTN-TDLA100-1 was considered for requirement, when defining requirement for NPRACH
Proposal 6: Configure the NTN-TDLA100-1 channel, when defining NPRACH requirement in TDD scenario.

Number of Repetition for NPRACH
Observation 4:  The Tx duration of NPRACH format 0 is 2ms per each repetition. The Tx duration of NPRACH format 1 is 4ms per each repetition.
Proposal 7: RAN4 consider the number of repetitions for NPRACH format 0 as 4, and number of repetitions for NPRACH format 1 as 2 when defining NPRACH requirement for TDD operation

Test applicability rule for different antenna configuration 
Proposal 8: RAN4 should introduce the test applicability rule for IoT NTN requirement, where the test of IoT NTN requirement is only applied to one antenna, while the specific connector used for testing it based on manufacturer declaration

Applicability rule for TDD requirement 
[bookmark: _Hlk213684351]Proposal 9: The requirements for TDD are optional and only valid for SAN supporting TDD pattern. RAN4 should introduce applicability rule for IoT NTN TDD requirement. And the related test should be performed based on manufacturer declaration 

	R4-2522148
	Nordic Semiconductor ASA
	Draft CR

	R4-2522195
	THALES, Iridium Satellite LLC, CCL, Nordic Semiconductor
	Proposal 1: RAN4 to confirm NPRACH Format 0 demodulation requirement of 9,9 dB with (Frequency Offset, Tx Duration, Repetition number, Channel model, Antenna Configuration) configuration of (200 Hz, 8, 8, NTN-TDLA100-1, 1T1R).
Proposal 2: RAN4 to confirm NPRACH Format 0 demodulation requirement of 5,6 dB with (Frequency Offset, Tx Duration, Repetition number, Channel model, Antenna Configuration) configuration of (200 Hz, 16, 16, NTN-TDLA100-1, 1T1R).
Proposal 3: RAN4 to confirm NPRACH Format 0 demodulation requirement of 6,3 dB with (Frequency Offset, Tx Duration, Repetition number, Channel model, Antenna Configuration) configuration of (200 Hz, 8, 8, NTN-TDLC5-1, 1T1R).
Proposal 4: RAN4 to confirm NPRACH Format 0 demodulation requirement of 3,4 dB with (Frequency Offset, Tx Duration, Repetition number, Channel model, Antenna Configuration) configuration of (200 Hz, 16, 16, NTN-TDLC5-1, 1T1R).
Proposal 5: RAN4 to confirm NPRACH Format 1 demodulation requirement of 10,1 dB with (Frequency Offset, Tx Duration, Repetition number, Channel model, Antenna Configuration) configuration of (200 Hz, 8, 8, NTN-TDLA100-1, 1T1R).
Proposal 6: RAN4 to confirm NPRACH Format 1 demodulation requirement of 6,5 dB with (Frequency Offset, Tx Duration, Repetition number, Channel model, Antenna Configuration) configuration of (200 Hz, 8, 8, NTN-TDLC5-1, 1T1R).
Proposal 7: RAN4 to consider NPRACH Format 1 demodulation requirement of 5,9 dB with (Frequency Offset, Tx Duration, Repetition number, Channel model, Antenna Configuration) configuration of (200 Hz, 16, 16, NTN-TDLA100-1, 1T1R).
Proposal 8: RAN4 to consider NPRACH Format 1 demodulation requirement of 3,4 dB with (Frequency Offset, Tx Duration, Repetition number, Channel model, Antenna Configuration) configuration of (200 Hz, 16, 16, NTN-TDLC5-1, 1T1R).
Proposal 9: RAN4 to confirm NPUSCH Format 1 demodulation requirement of 11,7 dB with (BW/Subcarrier Spacing, Allocated Subcarriers, Frequency Offset, Channel model, Antenna Configuration, Tx Duration, Repetition Number) configuration of (200 kHz/15 kHz, 12, 8 Hz, NTN-TDLA100-1, 1T1R, 4, 4).
Proposal 10: RAN4 to confirm NPUSCH Format 1 demodulation requirement of 8,5 dB with (BW/Subcarrier Spacing, Allocated Subcarriers, Frequency Offset, Channel model, Antenna Configuration, Tx Duration, Repetition Number) configuration of (200 kHz/15 kHz, 12, 8 Hz, NTN-TDLC5-1, 1T1R, 4, 4).
Proposal 11: RAN4 to consider NPUSCH Format 1 demodulation requirement of 1,4 dB with (BW/Subcarrier Spacing, Allocated Subcarriers, Frequency Offset, Channel model, Antenna Configuration, Tx Duration, Repetition Number) configuration of (200 kHz/15 kHz, 1, 8 Hz, NTN-TDLA100-1, 1T1R, 16, 2).
Proposal 12: RAN4 to consider NPUSCH Format 1 demodulation requirement of -1,6 dB with (BW/Subcarrier Spacing, Allocated Subcarriers, Frequency Offset, Channel model, Antenna Configuration, Tx Duration, Repetition Number) configuration of (200 kHz/15 kHz, 1, 8 Hz, NTN-TDLC5-1, 1T1R, 16, 2).
Proposal 13: RAN4 to consider NPUSCH Format 1 demodulation requirement of 0.7 dB with (BW/Subcarrier Spacing, Allocated Subcarriers, Frequency Offset, Channel model, Antenna Configuration, Tx Duration, Repetition Number) configuration of (200 kHz/15 kHz, 1, 8 Hz, NTN-TDLC5-1, 1T1R, 8, 1).
Proposal 14: RAN4 to confirm NPUSCH Format 2 demodulation requirement of 0,4 dB with (BW/Subcarrier Spacing, Allocated Subcarriers, Frequency Offset, Channel model, Antenna Configuration, Tx Duration, Repetition Number) configuration of (200 kHz/15 kHz, 1, 16 Hz, NTN-TDLA100-1, 1T1R, 16, 8).
Proposal 15: RAN4 to confirm NPDSCH demodulation requirement of 1,0 dB with (Bandwidth, Carrier Type, Repetition number, Channel model, Number of Ports, Antenna Configuration) configuration of (200 kHz, Anchor, 4, NTN-TDLC5-200, 1, 1T1R).
Proposal 16: RAN4 to confirm NPDSCH demodulation requirement of 1,4 dB with (Bandwidth, Carrier Type, Repetition number, Channel model, Number of Ports, Antenna Configuration) configuration of (200 kHz, Non-Anchor, 4, NTN-TDLA100-10, 1, 1T1R).

	R4-2522196
	THALES, Iridium Satellite LLC, CCL
	Draft CR



Open issues summary

Sub-topic 3-1: SAN Demodulation – NPUSCH Format 1
Issue 3-1-1: Frequency Offset with 12 Tones
Options:
· Option 1: 8 Hz (THALES, Iridium Satellite LLC, CCL, Nordic Semiconductor)
· Option 2: 2 Hz (Samsung)
Recommended Way Forward:
· Discuss whether a compromise towards the majority view could be made during RAN4#117, with a view to discuss technical reasonings.

Issue 3-1-2: Transmission Timing Drift
Options:
· Option 1: Apply additional transmitting timing drift to NPUSCH format 1 (Samsung)
	Channel
	Step size Δt

	NPUSCH format 1, 15KHz, 12 tones
	[0.01] µs per RU



Recommended Way Forward:
· Discuss during RAN4#117 whether to apply additional timing drift, and if the values are appropriate.

Issue 3-1-3: Requirement Derivation
Options:
· Several requirements have been proposed for RAN4#117 for NPUSCH Format 1 and others.
Recommended Way Forward:
· A simulation collection exercise will be driven during RAN4#117, to align results, and identify where a requirement may be agreeable.



Sub-topic 3-2: SAN Demodulation – NPUSCH Format 2

Issue 3-2-1: Repetition Number
Options:
· Option 1: 4 (Samsung, Huawei)
· Option 1a: With total Tx Duration of 8 (Samsung, Huawei)
· Option 2: 8 (THALES, Iridium Satellite LLC, CCL, Nordic Semiconductor)
· Option 2a: With total Tx Duration of 16 (THALES, Iridium Satellite LLC, CCL, Nordic Semiconductor)
Recommended Way Forward:
· Will require discussion at meeting, no obvious way forward from summary

Issue 3-2-2: Frequency Offset
Options:
· Option 1: 4Hz (Samsung)
· Option 2: 16 Hz (THALES, Iridium Satellite LLC, CCL, Nordic Semiconductor)
Recommended Way Forward:
· Will require discussion at meeting, no obvious way forward from summary

Issue 3-2-3: Test Metric
Options:
· Option 1: 1% of ACK missed detection probability (Samsung)
· Other options to be discussed
Recommended Way Forward:
· Confirm the test metric to be used as either 1% of ACK missed detection probability or a % of Throughput.

Issue 3-2-4: Transmission Timing Drift
Options:
· Option 1: Apply additional transmitting timing drift to NPUSCH format 1 (Samsung)
	Channel
	Step size Δt

	NPUSCH format 2, 15KHz, 1 tone
	[0.02] µs per RU



Recommended Way Forward:
· Discuss during RAN4#117 whether to apply additional timing drift, and if the values are appropriate

Sub-topic 3-3: Test Applicability
Issue 3-3-1: Test applicability rule for different antenna configuration
Options:
· Option 1: RAN4 should introduce the test applicability rule for IoT NTN requirement, where the test of IoT NTN requirement is only applied to one antenna, while the specific connector used for testing it based on manufacturer declaration (Samsung)

Recommended Way Forward:
· Confirm during meeting whether such an applicability rule is agreeable, if so wording to be agreed during RAN4#117, as well as location in the specification – noting R4-2520015 will require revision.

Issue 3-3-1: Test applicability rule for TDD
Options:
· Option 1: The requirements for TDD are optional and only valid for SAN supporting TDD pattern. RAN4 should introduce applicability rule for IoT NTN TDD requirement. And the related test should be performed based on manufacturer declaration (Samsung, Nokia)

Recommended Way Forward:
· Confirm during meeting whether such an applicability rule is agreeable, if so wording to be agreed during RAN4#117, as well as location in the specification – noting R4-2520015 will require revision.
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