1.1 Study on NB-IoT/eMTC support for Non-Terrestrial Network

Please refer to RP-202689 for detailed scope of the WI
R1-2100599
Rel-17 IoT NTN Work Plan
MediaTek Inc.

R1-2100774
Market expectations for IoT over NTN
NOVAMINT

R1-2101138
Skeleton TR 36.763 Study on NB-IoT / eMTC for NTN  (Release 17)
MediaTek Inc.

R1-2101139
Text Proposal for TR 36.673 chapter related to RAN1
MediaTek Inc.

1.1.1 Scenarios applicable to NB-IoT/eMTC 
R1-2100160
Discussion on scenarios applicable to NB-IoT/eMTC
OPPO

R1-2100225
Application scenarios of IoT in NTN
Huawei, HiSilicon

R1-2100248
Discussion on the scenarios and assumption for IoT-NTN
ZTE

R1-2100365
Applicable scenarios to NB-IoT/eMTC
CATT

R1-2100480
Discussion on scenarios applicable to NB-IoT/eMTC for NTN
vivo

R1-2100494
Scenarios applicable to NB-IoT/eMTC
Zhejiang Lab

R1-2100521
Discussion on NB-IoT NTN scenarios with small satellites / CubeSats
Sateliot, Gatehouse, Thales, Kepler

R1-2100533
Discussion on NB-IoT NTN scenarios with small satellites
Sateliot, Gatehouse

Withdrawn

R1-2100600
IoT NTN scenarios
MediaTek Inc.

R1-2100874
Scenarios for IoT-NTN
Sony

R1-2100930
On scenarios and evaluations for NB-IoT and eMTC based NTN
Ericsson

R1-2100975
Scenarios applicable to NB-IoT in NTN
Asia Pacific Telecom, FGI

R1-2101012
Feasibility of the large, single-beam small sats / CubeSats scenario
THALES

Withdrawn

R1-2101019
Feasibility of the large, single-beam small sats / CubeSats scenario
Thales, Sateliot, GateHouse

R1-2101027
Scenarios and evalutions for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2101069
Discussion on scenarios for IoT NTN
CMCC

R1-2101104
Discussion on the scenarios of NBIoT and eMTC over NTN
Xiaomi

Withdrawn

R1-2101146
IoT NTN Link Budget
Eutelsat S.A.

R1-2101242
On Scenarios applicable to NB-IoT/eMTC
Samsung

R1-2101368
On Link Budget of IoT NTN
Apple

R1-2101413
Discussion on scenarios for NB-IoT and eMTC over NTN
CAICT

R1-2101512
Scenarios applicable to NB-IoT/eMTC
Qualcomm Incorporated

[104-e-NR-NB_IoT_eMTC-01] Email discussion/approval on scenarios applicable to NB-IoT/eMTC with checkpoints for agreements on Jan-28, Feb-01, Feb-04 – Gilles (MediaTek)
R1-2101802
Summary#1 of AI 8.15.1 Scenarios applicable to NB-IoT/eMTC
Moderator (MediaTek)

R1-2101869
Summary#2 of AI 8.15.1 Scenarios applicable to NB-IoT/eMTC
Moderator (MediaTek)
R1-2101998
Summary#3 of AI 8.15.1 Scenarios applicable to NB-IoT/eMTC
Moderator (MediaTek)
Agreement:
The following assumptions are agreed for a common set of link budget parameters:

· UE power class (PC5=20 dBm)

· UE Noise Figure (NF=9 dB)

· Channel Bandwidth for NB-IoT and eMTC as was included in IoT NTN reference scenario parameters agreed in RAN1#103e 

· NB-IoT 180 kHz (DL), Up to 180 kHz with all permissible smaller resource allocations 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz

· eMTC: 1080 kHz (DL), Up to 1080 kHz with all permissible smaller resource allocations, including 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz (UL)

· Other losses

	Other Losses
	GEO (35786 km)
	LEO (1200 km)
	LEO (600 km)

	Scintillation losses
	2.2
	2.2
	2.2

	Atmospheric losses
	0.2
	0.1
	0.1

	Polarization loss
	3
	3
	3

	Shadow margin 
	3
	3
	3


NOTE 1: With PC3 (23 dBm) there is a 3dB gain compared to the PC5 (20 dBm) assumption on UL. 

NOTE 2: With NF=7 dB, there is a 2 dB improvement compare to NF=9 dB on DL.

NOTE 3: Link budgets with other link budget parameters are not excluded from being captured in the TR.

NOTE 4: These parameters are only for the purpose of link budget calculations.

NOTE 5: Atmospheric losses are a function of elevation angle.

Proposal:
Include 3 dB beam width (HPBW), central beam elevation and beam edge elevation in the satellite parameter set(s) to be used in link budget calculations – (Corresponding satellite parameter Set 3 and Set 4 are given in Section 9.4)

	SET 3 
	GEO 35786 km
	LEO-600 km
	LEO-1200 km

	HPBW
	0.735 degree
	22.0631 degree
	22.0631 degree

	Central beam center elevation 
	20.88 degree
	43.78 degree
	46.05 degree

	Central beam edge elevation
	12.5 degree
	30 degree
	30 degree

	Beam edge satellite-UE distance
	40316 km
	1074 km
	1998 km


	SET 4 
	LEO-600 km

	HPBW
	104.7 degree

	Central beam center elevation
	90 degree

	Central beam edge elevation
	30 degree

	Beam edge satellite-UE distance
	1076 km


NOTE: The 3 dB beam width (HPBW) and Central beam elevation are already included in satellite parameter set 1 and Set 2 in TR 38.821 Tables Table 6.1.1.1-1 and Table 6.1.1.1-2  respectively. The Beam edge satellite-UE distance can be derived from beam edge elevation and does not need to be included.
NOTE: Central beam center elevation is the beam center elevation of the central beam in the beam layout

NOTE: Central beam edge elevation is the elevation of the central beam in the beam layout
Proposal:
Include in TR 36.763 the following tables in Section 7.1:

· Set 1 satellite parameters (based on TR 38.821, Table 6.1.1.1-1 with addition of corresponding beam edge elevation)

· Set 2 satellite parameters (based on TR 38.821, Table 6.1.1.1-2 with addition of corresponding beam edge elevation)

· Set 3 satellite parameters (Eutelsat R1-2101146 with beam edge elevation 12.5 degree for LEO, and 30 degree for LEO-600 km and 1200 km)

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Beam edge elevation 
	12.5 degree
	30 degree
	30 degree

	Central beam elevation
	20.9 degree
	46.05 degree
	43.8 degree

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band

(i.e. 2 GHz)
	12 m
	0.4m
	0.4 m

	Satellite EIRP density
	
	59.8 dBW/MHz
	33.7 dBW/MHz
	28.3 dBW/MHz

	Satellite Tx max Gain
	
	45.7 dBi
	16.2 dBi
	16.2 dBi

	3dB beam width (HPBW)
	
	0.7353 degree
	22.1 degree
	22.1 degree

	Satellite beam diameter (Note 2)
	
	459km
	470 km
	234 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 

(i.e. 2 GHz)
	12 m
	0.4 m
	0.4 m

	G/T
	
	16.7dB K-1
	-12.8 dB K-1
	-12.8 dB K-1

	Satellite Rx max Gain
	
	45.7 dBi
	16.2 dBi
	16.2 dBi


Note 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811

Note 2: Satellite beam diameter is at Nadir point

· Set 4 satellite parameters (Thales, Sateliot, Gatehouse R1-2101019)

	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Beam edge elevation
	30 degree

	Central beam elevation
	90 degree

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band

(i.e. 2 GHz)
	0.097 m

	Satellite EIRP density
	
	21.45 dBW/MHz

	Satellite Tx max Gain
	
	11 dBi

	3dB beam width (HPBW)
	
	104.7 degree

	Satellite beam diameter (Note 2)
	
	1700 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 

(i.e. 2 GHz)
	0.154 m

	G/T
	
	- 18.6 dB·K-1

	Satellite Rx max Gain
	
	11 dBi


Note 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811

Note 2: Satellite beam diameter is at Nadir point
Note 3: Central beam elevation is the beam center elevation of the central beam in the beam layout
1.1.2 Enhancements to time and frequency synchronization
Including random access procedure/signals

R1-2100161
Discussion on enhancements to time and frequency synchronization
OPPO

R1-2100234
Discussion on time and frequency synchronization enhancement for IoT in NTN
Huawei, HiSilicon

R1-2100249
Discussion on the synchronization for IoT-NTN
ZTE

R1-2100366
Time and frequency synchronization for NB-IoT/eMTC
CATT

R1-2100481
Discussion on time and frequency synchronization enhancements on NB-IoT/eMTC for NTN


vivo

R1-2100601
UE Time and frequency Synchronisation for IoT NTN
MediaTek Inc.

R1-2100683
On synchronization for NB-IoT and eMTC NTN
Intel Corporation

R1-2100763
Time and frequency synchronization for IoT NTN
Lenovo, Motorola Mobility

R1-2100810
Consideration on enhancements to time and frequency synchronization
Spreadtrum Communications

R1-2100875
Time and frequency synchronisation enhancements for IoT-NTN
Sony

R1-2100931
On time and frequency synchronization enhancements for IoT NTN
Ericsson

R1-2100976
Time and frequency synchronization to NB-IoT in NTN
Asia Pacific Telecom, FGI

R1-2101028
Enhancements to time and frequency synchronization for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2101070
Discussion on enhancements for IoT NTN
CMCC

R1-2101105
Discussion on time and frequency synchronization for IoT NTN
Xiaomi

R1-2101243
On enhancements to time and frequency synchronization
Samsung

R1-2101369
Discussion on Time and Frequency Synchronization in IoT NTN
Apple

R1-2101402
Time/Frequency Synchronization for IoT NTN
InterDigital, Inc.

R1-2101513
Enhancements to time and frequency synchronization
Qualcomm Incorporated

R1-2101692
Discussion on enhancement of time and frequency synchronization for NB-IoT over satellite


Fraunhofer IIS, Fraunhofer HHI

[104-e-NR-NB_IoT_eMTC-02] Email discussion/approval on enhancements to time and frequency synchronization with checkpoints for agreements on Jan-28, Feb-01, Feb-04 – Gilles (MediaTek)
R1-2101803
Summary#1 of AI 8.15.2 Enhancements to time and frequency synchronization
Moderator (MediaTek)

R1-2101870
Summary#2 of AI 8.15.2 Enhancements to time and frequency synchronization
Moderator (MediaTek)
R1-2101999
Summary#3 of AI 8.15.2 Enhancements to time and frequency synchronization
Moderator (MediaTek)
Agreement:
Study potential impact of GNSS Position fix on UE power consumption using battery life methodology in Rel-13 TR 45.820 (Section 5.4) 

FFS: Details of the study
1.1.3 Timing relationship enhancements
R1-2100162
Discussion on timing relationship enhancements
OPPO

R1-2100235
Discussion on timing relationship enhancement for IoT in NTN
Huawei, HiSilicon

R1-2100250
Discussion on timing relationship for IoT-NTN
ZTE

R1-2100367
Timing relationship enhancement for NB-IoT/eMTC
CATT

R1-2100482
Discussion on timing relationship enhancements on NB-IoT/eMTC for NTN
vivo

R1-2100495
Timing relationship enhancements to support NB-IoT/eMTC in Non-Terrestrial Network
Zhejiang Lab

R1-2100602
Timing relationship enhancements
MediaTek Inc.

R1-2100684
On timing relationship for NB-IoT and eMTC NTN
Intel Corporation

R1-2100764
Timing relationship enhancements for IoT NTN
Lenovo, Motorola Mobility

R1-2100811
Consideration on timing relationship enhancements
Spreadtrum Communications

R1-2100876
Timing relationship for IoT-NTN
Sony

R1-2100932
On timing relationship enhancements for IoT NTN
Ericsson

R1-2100977
Timing relationship enhancements to NB-IoT in NTN
Asia Pacific Telecom, FGI

R1-2101029
Timing relationship enhancements for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2101106
Discussion on the timing relationship enhancement for IoT NTN
Xiaomi

R1-2101244
On timing relationship enhancements
Samsung

R1-2101370
Discussion on Timing Relationship Enhancement in IoT NTN
Apple

R1-2101403
On timing relationship enhancement for IoT NTN
InterDigital, Inc.

R1-2101514
Timing relationship enhancements
Qualcomm Incorporated

[104-e-NR-NB_IoT_eMTC-03] Email discussion/approval on timing relationship enhancements with checkpoints for agreements on Jan-28, Feb-01, Feb-04 – Sam (Sony)
R1-2101844
FL summary of AI 8.15.3 Timing relationship for IoT-NTN
Moderator (Sony)
R1-2101949
FL summary of AI 8.15.3 Timing relationship for IoT-NTN
Moderator (Sony)

Proposal:
NR NTN solution to RAR window timing is baseline for IoT-NTN.
Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 

· NPDCCH to NPUSCH format 1 

· RAR grant to NPUSCH format 1 

· NPDSCH to HARQ-ACK on NPUSCH format 2 

· NPDCCH order to NPRACH 

· Timing advance command activation

· FFS: Other NB-IoT timing relationships

Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:

· MPDCCH to PUSCH 

· RAR grant to PUSCH 

· PDCCH order to PRACH 

· MPDCCH to scheduled uplink SPS 

· PUSCH to HARQ-ACK on PUCCH 

· CSI reference resource timing 

· MPDCCH to aperiodic SRS 

· Timing advance command activation

· FFS: Other eMTC timing relationships
Agreement: 

Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 

Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.

1.1.4 Enhancements on HARQ
R1-2100163
Discussion on HARQ enhancements
OPPO

R1-2100236
Discussion on HARQ enhancement for IoT in NTN
Huawei, HiSilicon

R1-2100251
Discussion on HARQ for IoT-NTN
ZTE

R1-2100368
HARQ operation enhancement for NB-IoT/eMTC
CATT

R1-2100483
Discussion on HARQ enhancements on NB-IoT/eMTC for NTN
vivo

R1-2100603
Enhancement on HRQ
MediaTek Inc.

R1-2100685
On HARQ enhancements for NB-IoT and eMTC NTN
Intel Corporation

R1-2100765
HARQ enhancement for IoT NTN
Lenovo, Motorola Mobility

R1-2100812
Consideration on enhancements on HARQ
Spreadtrum Communications

R1-2100877
HARQ issues for IoT-NTN
Sony

R1-2100933
On HARQ enhancements for IoT NTN
Ericsson

R1-2100978
Enhancements on HARQ to NB-IoT in NTN
Asia Pacific Telecom, FGI

R1-2101030
HARQ for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2101107
Discussion on the HARQ enhancement for IoT NTN
Xiaomi

R1-2101245
On enhancements on HARQ
Samsung

R1-2101323
NTN IoT HARQ Considerations 
Sierra Wireless, S.A.

R1-2101371
Discussion on HARQ Enhancement in IoT NTN
Apple

R1-2101404
HARQ enhancement for IoT NTN
InterDigital, Inc.

R1-2101515
Enhancements on HARQ
Qualcomm Incorporated

[104-e-NR-NB_IoT_eMTC-04] Email discussion/approval on enhancements on HARQ with checkpoints for agreements on Jan-28, Feb-01, Feb-04 – Carmela (Samsung)
R1-2101822
Summary#1 for enhancements on HARQ
Moderator (Samsung)
R1-2101957
Summary#3 for enhancements on HARQ
Moderator (Samsung)
Agreement:
Study further the potential benefits and/or drawbacks of increasing the number of HARQ processes on throughput, latency, power consumption and complexity
Agreement:
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT.

· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for eMTC.

Agreement:
In relation to HARQ operation in NTN IoT, further study at least 

· The necessity, potential benefits and drawbacks of any other potential HARQ feedback mechanisms

· The necessity, potential benefits and drawbacks of reduced PDCCH monitoring

· The necessity, potential benefits and drawbacks of coverage enhancements

· The necessity, potential benefits and drawbacks of uplink transmission gaps with multiple HARQ processes

· The necessity, potential benefits and drawbacks of maintaining HARQ process continuity in serving cell change 

· The necessity, potential benefits and drawbacks of multiple Transport Blocks scheduling

· The necessity, potential benefits and drawbacks of throughput enhancements

· FFS: Whether target throughput in NTN will be the same as target throughput in terrestrial networks

Agreement:
The motivation for introducing HARQ enhancements in NR NTN needs further consideration for HARQ enhancements in NTN IoT. Capture the following in the TR:
· For NTN IoT, potential HARQ enhancements need to consider the main characteristics of an IoT device, which are low complexity, low cost, low power consumption and low throughput, and key requirements of IoT services which are extended coverage, delay-tolerant and infrequent data transmissions, and support of massive communications.  
· The peak throughput of IoT UEs operating over NTN is not expected to be higher than the peak throughput of IoT UEs operating over TN.   

Proposal:
· Further discuss increasing the number of HARQ processes in the UL for NB-IoT and eMTC, and consider at least the following for the number of HARQ processes for the analysis
· NB-IoT: 1,2,4
· eMTC: 2,8,14

· FFS: whether to consider DL

· FFS: other details for the evaluation/analysis

Proposal:
· Further discuss disabling HARQ feedback for NB-IoT and eMTC, and consider at least the following number of HARQ processes for the analysis
· NB-IoT: 1,2
· eMTC: 2,8

· FFS: whether to consider separately LEO and GEO scenarios

· FFS: other details for the evaluation/analysis

1.1.5 Others
R1-2100164
Discussion on other aspects
OPPO

R1-2100252
Discussion on additional enhancement for IoT-NTN
ZTE

R1-2100604
Others
MediaTek Inc.

R1-2100813
Consideration on other design aspects for IOT NTN
Spreadtrum Communications

R1-2100878
Power consumption of IoT-NTN
Sony

R1-2100934
On evaluation assumptions for NB-IoT and eMTC based NTN
Ericsson

R1-2100979
NB-IoT modifications to support the NTN deployment
Asia Pacific Telecom, FGI

R1-2101031
Link budget analysis for UE power class 6 for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2101108
Discussion on the other design aspects for IoT NTN
Xiaomi

R1-2101261
Other aspects to support IoT in NTN
Huawei, HiSilicon

R1-2101516
Other aspects for NTN IOT
Qualcomm Incorporated

