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9.12.1 Coverage enhancement for NR NTN
R1-2204545
Discussion on NR NTN coverage enhancement
THALES
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vivo
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Discussion on coverage enhancement for NR NTN
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R1-2203240
Discussion on coverage enhancement for NTN
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R1-2203350
Consideration on coverage enhancement for NR NTN
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R1-2203389
Coverage enhancement for NR NTN
MediaTek Inc.
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R1-2203746
Considerations on improving NR NTN Coverage
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Discussion on coverage enhancement for NR NTN
CATT
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Discussion on coverage enhancement for NR-NTN
xiaomi
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Nokia, Nokia Shanghai Bell

R1-2203929
On coverage enhancement for NR NTN
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Discussion on coverage enhancements aspects for NR NTN
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R1-2204011
Discussion on coverage enhancement for NR NTN
OPPO

R1-2204079
Consideration on coverage enhancement for NR NTN
Lockheed Martin

R1-2204328
Discussion on coverage enhancement for NR NTN
CMCC

R1-2204402
Discussions on coverage enhancement for NR NTN
NTT DOCOMO, INC.

R1-2204496
Consideration on coverage enhancement for NR NTN
Spreadtrum Communications

Withdrawn 

R1-2204515
Discussion on coverage enhancement for NR NTN
Lenovo

R1-2204521
Discussion on coverage enhancement for NR NTN
LG Electronics

R1-2204645
Discussions on Coverage enhancement for NR NTN
Sharp

R1-2204662
On coverage enhancement for NR NTN
Ericsson

R1-2204958
Discussion on Coverage Enhancement for NTN
Fraunhofer IIS - Fraunhofer HHI

R1-2205058
Coverage enhancements for NR NTN
Qualcomm Incorporated

[109-e-R18-NTN-01] Email discussion on coverage enhancement for NR NTN by May 20 – Shohei (Docomo)
· Check points: May 16, May 20

Agreement
For NR NTN coverage enhancement, evaluate only handset terminals as UE type.

· i.e., VSAT is not considered.
Agreement
Coverage performance in NR NTN is evaluated according to the following steps.

· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821

· For polarization loss,

· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used

· Step 2: Required SNR of target service is evaluated by LLS

· Step 3: The CNR and the required SNR are compared

Agreement
Coverage performance in NR NTN is evaluated for GEO/LEO-1200/LEO-600 scenarios.

· Note: Service type for each scenario is discussed separately

· Note: Parameter set (Set-1/2) is discussed separately

· Note: MEO can be evaluated optionally

R1-2205210
Summary #1 on 9.12.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO)

Agreement
For evaluation of coverage performance in NR NTN,

· It is assumed that carrier bandwidth is sufficiently large to transmit each channel.

· Companies are encouraged to report BWP bandwidth, when necessary (e.g. for frequency hopping).

· Note: each channel bandwidth is discussed separately.

Agreement
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations.

· Each packet is transmitted within 20 ms, if packet combining is not used.

· Companies are encouraged to evaluate at least packet transmission without combining
· Companies are encouraged to report how to apply packet combining, if used.

· Note: in packet combining, two packets can be combined into a single packet at TX side 
· Companies should report the impact on E2E latency

· VoIP is evaluated only in LEO scenario.

· Note 1: PRB/MCS/TBS determinations are discussed separately

· Note 2: companies should report if HARQ is used in the evaluations, and if evaluations depart from the assumption that each packet is transmitted within 20 ms

Agreement
Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, and as in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band.
· In addition, evaluations assuming relevant ITU regulatory limitations on power flux density can be reported in the study phase.
· Companies should report which value of EIRP density is used and corresponding justification.

Agreement
For link budget calculation, parameters in the following table is assumed.
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	FFS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	[30 (LEO), 12.5 (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)]

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: [image: image1.png]


= 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	Free space path loss
	Equation (6.6-2) in [2]

	Terminal RF parameters
	FFS

	Satellite RF parameters
	FFS

	Polarization loss
	As agreed separately

	Outcome
	CNR

	· NOTE 1:             Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· [image: image2.png]= Pfluc@ 4GH= 0.5 /2 =1.1x 0.5~




dB
· NOTE 2:             [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


 

Agreement
If corresponding channel (including SCS) is agreed as evaluation target channel, the following features introduced in Rel-17 Coverage enhancement WI can be applied in coverage evaluation of NR NTN.
· For VoIP, max 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, max 32 PUSCH repetitions with consideration of the impact on E2E latency
· For low-data rate service, max 32 PUSCH repetitions
· TBoMS
· Joint channel estimation (DMRS bundling)
· Companies are encouraged to report how to apply

· Max 16 Msg.3 PUSCH repetitions
R1-2205211
Summary #2 on 9.12.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO)

Agreement
For low-data rate service, the following target data rate is assumed.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps

· For UL, 3 kbps and 100 kbps

· FFS: which data rate applies for GEO/MEO/LEO

Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.

· PUSCH for VoIP

· PUSCH for low data rate service

· PUCCH format 1 with 2 bits 

· PUCCH format 3 with 11 bits 

· PRACH format 0

· PRACH format 2

· PRACH format B4 

· PUSCH Msg.3

· PUCCH for Msg.4 HARQ-ACK 

· SSB

· PDSCH for VoIP

· PDSCH for low data rate service

· PDSCH Msg.2 

· PDSCH Msg.4

· PDCCH

· Broadcast PDCCH (PDCCH of Msg.2) 

Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element

Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption

· Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.

R1-2205622
[Draft] LS on UE antenna gain for NR NTN coverage enhancement
Moderator (NTT DOCOMO, INC.)

R1-2205623
LS on UE antenna gain for NR NTN coverage enhancement
RAN1, NTT DOCOMO, INC.
Final LS is endorsed in R1-2205623.

Agreement
For coverage performance evaluation, the following elevation angle is assumed.

· 30 deg for LEO, 12.5 deg for GEO-Set 1, 20 deg for GEO-Set 2, as in in Table 6.1.3.2-1 of TR38.821

· Note: For GEO-Set 1, channel parameters for 10 deg is used in LLS.

· 30 deg for MEO

· Other elevation angles can be evaluated as optional

· Note: these values are elevation angles at the edge of the edge beam.

Agreement
For NR NTN coverage enhancement, evaluate the following cases.
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 (Optional)
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 (Optional)
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 (Optional)
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service


Agreement
For coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread

· Channel model as in Table 6.1.2-4 of TR38.821, assuming NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)

· Evaluation scenario

· Rural (LOS/NLOS)

· Sub-urban (LOS/NLOS) (optional)

· Channel estimation: Realistic estimation

· Companies are encouraged to report channel estimation method.

· SCS

· 15 kHz only

· UE speed: 3 km/h

· Frequency drift: Not assumed

· Frequency offset: 0.1 ppm

Agreement
For coverage evaluation of PUSCH in NR NTN, the following table is assumed.

	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.

For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.

For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.

PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	PUSCH duration        
	14 OS

	Repetitions 
	w/ type A repetition, optional for type B repetition.

The actual number of repetitions is reported by companies.

	HARQ configuration 
	Whether/How HARQ is adopted is reported by companies. 

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 

TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.

QPSK, pi/2 BPSK (optional)

	Other parameters
	Reported by companies


Agreement
For coverage evaluation of PUCCH in NR NTN, the following table is assumed.

	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI.

Format 3, 11 bits UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	-     For PUCCH format 1: 

DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.

ACK missed detection probability: 1%.

-     For PUCCH format 3: 

BLER for Ack/Nack, SR: 1%

BLER for CSI: 1%, optional for 10%.

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 3: Reported by companies

	Repetitions
	w/ repetition.

The maximum number of repetitions is 8.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Other parameters
	Reported by companies


Agreement
For coverage evaluation of PRACH in NR NTN, the following table is assumed.

	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	Reported by companies.

	Performance metric
	1% missed detection at 0.1% false alarm probability

10% missed detection: reported by companies if this value is used

	Number of UE transmit chains
	1, 2 (optional)

	Other parameters
	Reported by companies.


Agreement
For coverage evaluation of PUSCH Msg.3 in NR NTN, the following table is assumed.

	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,

w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	HARQ configuration
	Whether/How is adopted is reported by companies.

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.


Agreement
For coverage evaluation of SSB in NR NTN, the following table is assumed.

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Periodicity
	20ms

	Performance metric
	Combination of 4 SSBs in 80ms.

Note: UE is not assumed to know the SS/PBCH block index

	Other parameters
	Reported by companies.


Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.

	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.

For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.

For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.

PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies


Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER

optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies


R1-2205212
Summary #3 on 9.12.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO)
9.12.2 Disabling of HARQ feedback for IoT NTN
R1-2204935
On disabling HARQ feedback for IOT-NTN
Mavenir

R1-2203160
Discussion on disabling of HARQ feedback for IoT NTN
Huawei, HiSilicon

R1-2203805
Discussion on HARQ operation for IoT NTN
xiaomi

R1-2204080
On disabling HARQ feedback for IoT NTN
Ericsson

R1-2203241
Discussion on disabling of HARQ feedback for IoT-NTN
ZTE

R1-2203351
Discussion on disabling of HARQ feedback for IoT NTN
Spreadtrum Communications

R1-2203390
Disabling of HARQ for IoT NTN
MediaTek Inc.

R1-2203392
Disabling of HARQ for IoT NTN
Lockheed Martin

R1-2203747
On disabling HARQ feedback for IoT-NTN
Sony

R1-2203755
Disabling of HARQ feedback for IoT NTN
Nordic Semiconductor ASA

R1-2203758
HARQ feedback disabling for IoT NTN
CATT

R1-2203840
Disabling of HARQ feedback for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2203930
Disabling of HARQ feedback for IoT NTN
Samsung

R1-2203937
Disabling of HARQ feedback for IoT NTN
NEC

R1-2204012
Discussion on disabling of HARQ feedback for IoT NTN
OPPO

R1-2204268
On disabling of HARQ feedback for IoT NTN
Apple

R1-2204329
Discussion on disabling of HARQ feedback for IoT NTN
CMCC

R1-2204497
Discussion on disabling of HARQ feedback for IoT NTN
Spreadtrum Communications

Withdrawn 

R1-2204516
Disabling of HARQ feedback for IoT NTN
Lenovo

R1-2204646
Discussions on Disabling of HARQ feedback for IoT NTN
Sharp

R1-2205059
Disabling HARQ Feedback for IoT-NTN
Qualcomm Incorporated

[109-e-R18-NTN-02] Email discussion on disabling of HARQ feedback for IoT NTN by May 20 – Zhi (Lenovo)
· Check points: May 16, May 20

R1-2205415
Feature lead summary #1 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)

R1-2205473
Feature lead summary #2 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)

Agreement
For IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, one or more of the following options can be considered:

· Option 1: per HARQ process via UE specific RRC signaling

· Option 2: per HARQ process via SIB signaling

· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)

· Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)

· Option 5: per HARQ process via MAC CE

· Other options or combinations are not excluded

Note: Option(s) for eMTC and NBIoT can be separately discussed.

Agreement
For IoT NTN, further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission

· Issue A: SPS PDSCH

· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction

· Issue C: HARQ feedback for scheduling multiple TB

· Issue D: HARQ bundling for eMTC HD-FDD

· Issue F: NPRACH capacity

· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
· Other issues are not excluded

Note: The “Issues” in common for eMTC and NB-IoT can be separately discussed.
R1-2205555
Feature lead summary #3 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)
9.12.3 Improved GNSS operations for IoT NTN
R1-2203391
Improved GNSS operations for IoT NTN
MediaTek Inc.

R1-2203841
Enhancements for long connections in NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2203931
Improved GNSS operations for IoT NTN
Samsung

R1-2205060
Improved GNSS Operations for IoT-NTN
Qualcomm Incorporated

R1-2203161
Discussion on improved GNSS operations for IoT NTN
Huawei, HiSilicon

R1-2203242
Discussion on improved GNSS operation for IoT-NTN
ZTE

R1-2203352
Discussion on improved GNSS operations for IoT NTN
Spreadtrum Communications

R1-2203759
GNSS operation issues for IoT NTN
CATT

R1-2203806
Discussion on improved GNSS operation for IoT NTN
xiaomi

R1-2203933
Improved GNSS operations for IoT NTN
Nordic Semiconductor ASA

R1-2204013
Discussion on improved GNSS operations for IoT NTN
OPPO

R1-2204269
On improved GNSS operations for IoT NTN
Apple

R1-2204330
Discussion on improved GNSS operations for IoT NTN
CMCC

R1-2204517
Improved GNSS operations for IoT NTN
Lenovo

R1-2204827
On improved GNSS operation for IoT NTN
Ericsson Telecomunicazioni SpA

[109-e-R18-NTN-03] Email discussion on improved GNSS operation for IoT NTN by May 20 – Wen (MediaTek)
· Check points: May 16, May 20

R1-2205203
Feature lead summary#1 of AI 9.12.3 on improved GNSS operations
Moderator (MediaTek)
Conclusion
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 

· FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time

Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time 

Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 

· Option 1: UE re-acquires GNSS position fix during RLF procedure

· Option 2: UE re-acquires GNSS position fix with a new gap 

Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.
R1-2205553
Feature lead summary#2 of AI 9.12.3 on improved GNSS operations
Moderator (MediaTek)
Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 

· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.

Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time

· UE triggered GNSS measurement.

· Network triggered GNSS measurement. 

9.12.4 Others
R1-2203243
Discussion on other issues for Rel-18 NTN
ZTE

R1-2203589
Other issues for NR NTN enhancements
vivo

R1-2203760
Others issues for NR NTN
CATT

R1-2203845
Other aspects related to NTN operation for Rel-18
Nokia, Nokia Shanghai Bell

R1-2203932
On TA control enhancement for NTN
Samsung

R1-2203938
Discussions on NR and IoT NTN
NEC

R1-2204672
On other aspects of NTN enhancements
Ericsson

R1-2204915
Further simulation results on coverage enhancement
Huawei, HiSilicon
