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

Please refer to RP-202689 for detailed scope of the WI
R1-2102753
FS_LTE_NBIOT_eMTC_NTN work plan
MediaTek Inc.

[post-104b-e-NR-NB_IoT_eMTC] Email discussion/approval on update to TR to capture latest agreements until Apr–26 - Gilles (MediaTek)
1.1.1 Scenarios applicable to NB-IoT/eMTC 
R1-2102343
Application scenarios of IoT in NTN
Huawei, HiSilicon

R1-2102422
Discussion on scenarios applicable to NB-IoT/eMTC
OPPO

R1-2102550
Discussion on scenarios applicable to NB-IoT_eMTC for NTN
vivo

R1-2102617
Applicable scenario and initial evaluation result to NB-IoT/eMTC
CATT

R1-2102750
Discussion on NTN-IoT scenario with MEO
Hughes/EchoStar

R1-2102754
Scenarios applicable to IoT NTN
MediaTek Inc.

R1-2102831
Link budget evaluations for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2102905
Discussion on scenarios applicable to NB-IoT/eMTC
CMCC

R1-2102916
Discussion on the scenarios and assumption for IoT-NTN
ZTE

R1-2102972
Discussion on the link budget of NBIoT and eMTC over NTN
Xiaomi

R1-2103060
On scenarios and evaluations for NB-IoT and eMTC based NTN
Ericsson

R1-2103070
Scenarios applicable to NB-IoT/eMTC 
Qualcomm Incorporated

R1-2103132
Link Budget Analysis of IoT NTN
Apple

R1-2103266
Initial link budget evaluation for NB-IoT/eMTC
Samsung

R1-2103318
Scenarios for IoT-NTN
Sony

R1-2103716
Link budget analysis for Set-4
Sateliot, Gatehouse, Thales

R1-2103826
Summary #1 of AI 8.15.1 Scenarios applicable to NB-IoT/eMTC Document for: Discussion and Decision

Moderator (MediaTek)
R1-2103962
Summary #3 of AI 8.15.1 Scenarios applicable to NB-IoT/eMTC Document for: Discussion and Decision

Moderator (MediaTek)
[104b-e-NR-NB_IoT_eMTC-01] Email discussion/approval on scenarios applicable to NB-IoT/eMTC with checkpoints for agreements on Apr-15, Apr-20 – Gilles (MediaTek)
Agreement:
Capture in TR 36.763 the summary of link budget results from contributing companies in Appendix 1, Section 6.1.1
NOTE 1: The summary in Appendix 1, Section 6.1.1 can be further checked and revised during the drafting of Text Proposal as necessary.
NOTE 2: The summary of link budget results will be captured with alignment between contributing companies
 
Agreement:
Capture the detailed link budget results from contributing companies in a separate spreadsheet
 
Agreement:
Capture parameters associated with Set 4 for maximum beam diameter of 1700 km in a separate table in TR 36.763:
NOTE: There is no impact on Table 6.1-1 : IoT NTN reference scenario parameters in TR 36.763
	3GPP TR 36.763 V0.1.0 Table 6.1-1 parameters that could be impacted by the beam size revision:
	Current values in TR 36.763 V0.1.0 for LEO 600 km 
	Assumed and computed values under the consideration of a beam of 1700 km in diameter pointed at Nadir:
	Comment

	Min Elevation angle for both sat-gateway and C-IoT device
	10° for service link and 10° for feeder link
	30° for service link and 10° for feeder link
	Assumed value for service link is higher than value in Table 6.1-1 in TR 36.763. No revision needed.

	Max distance between satellite and C-IoT device at min elevation angle
	 1,932 km 

 
	1075.8 km
(Computed for a terminal located at the beam edge, corresponding to an elevation angle of 30 degrees)
	Computed value is lower than current value in Table 6.1-1 in TR 36.763. No revision needed.

	Max Round Trip Delay (propagation delay only)
	25.77 ms (service and feeder links)
 
	20.05 ms
(Computed for a terminal located at the beam edge, corresponding to an elevation angle of 30 degrees. Feeder link elevation angle kept at 10º)
	Computed value is lower than current value in Table 6.1-1 in TR 36.763. No revision needed.

	Max differential delay within a cell
	3.12 ms 
	1.58 ms
(Computed as the maximum differential delay between a device at beam edge and one at beam center)
	Computed value is lower than current value in Table 6.1-1 in TR 36.763. No revision needed.

	Max Doppler shift variation (earth fixed user equipment) (NOTE 6)”
	24 ppm 
 
	19,95 ppm 
(Computed for a terminal at beam edge, corresponding to an elevation angle of 30 degrees)
 
	Computed value is lower than current value in Table 6.1-1 in TR 36.763. No revision needed.


 
 

 
Agreement:
Include the following in TR36.763
Add MEO scenario D in Table 4.2-1 in TR 36.763.
 
Table 4.2-1: IoT NTN reference scenarios (TR 36.763)
	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

	LEO based non-terrestrial access network generating steerable beams (altitude 1200 km and 600km)
	Scenario B

	LEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 1200 km and 600km)
	Scenario C

	MEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 10000 km)
	Scenario D


 
 
Agreement:
Add MEO IoT NTN reference scenario parameters in Table 6.1-1 in TR 36.763:
Table 6.1-1: IoT NTN reference scenario parameters (TR 36.763)

	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C
	MEO based non-terrestrial access network -Scenario D

	Orbit type
	station keeping a nominally fixed position in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting at low altitude around the earth
	circular orbiting at medium altitude around the earth

	Altitude
	35,786 km
	600 km 

1,200 km 
	 

10,000 km

	Frequency Range 
	< 6 GHz (e.g. 2 GHz in S band) 

	Device channel Bandwidth (service link) (NOTE 7)
	-                  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 (UL)

-                  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)

	Payload
	Transparent type
	Transparent Type
	Transparent type

	Earth-fixed beams
	Yes
	Scenario B:  Yes (steerable beams), see NOTE 1

Scenario C: No (the beams move with the satellite)
	Scenario D: The beams move with the satellite

	Max beam footprint size (edge to edge) regardless of the elevation angle
	3500 km (NOTE 3)
	1000 km (NOTE 2)
	 

  4018 km

	Min Elevation angle for both sat-gateway and C-IoT device
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link
	 

10° for service link and 10° for feeder link

	Max distance between satellite and C-IoT device at min elevation angle 
	 40,581 km 
	 1,932 km (600 km altitude) 
 3,131 km (1,200 km altitude) 
	14018 km

	Max Round Trip Delay (propagation delay only) 
	 541.46ms (service and feeder links)
	25.77 ms (600km) (service and feeder links)

41.77 ms (1200km) (service and feeder links)
	95.19 ms  (service and feeder links)

	Max differential delay within a cell 
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km
	13.4 ms

	Max Doppler shift (earth fixed user equipment) (NOTE 6)
	0.93 ppm
	24 ppm (600km) 

 21ppm(1200km) 

 
	7.5 ppm

	Max Doppler shift variation (earth fixed user equipment) (NOTE 6)
	0.000 045 ppm/s 
	  0.27 ppm/s (600km) 

  0.13 ppm/s (1200km) 
	0.003 ppm/s

	C-IoT device motion on the earth
	Min 0 km/s (stationary device), max 120 km/h 
	Min 0 km/s (stationary device), max 120 km/h
	Min 0 km/s (stationary device), max 120 km/h

	C-IoT device antenna types
	Omnidirectional antenna with 0 dBi TX antenna gain and 0 dBi RX antenna gain (NOTE 4) 

	C-IoT device max Tx power
	UE power class 3 with up to 200 mW (23dBm), UE power class 5 with up to 100 mW (20 dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 dB or 9 dB (NOTE 5)

	Service link
	3GPP defined Narrow Band IoT and eMTC

	NOTE 1:      Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite.

NOTE 2:      This beam size refers to the Nadir pointing of the satellite.

NOTE 3:      The Maximum beam footprint size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation) or a single wide-beam.

NOTE 4:      The use of a Circular polarized antenna is optional.

NOTE 5:      Same Noise Figure of 7 dB as in Release 16 TR 38.821 or 9 dB as in Release 12 TR 36.888 for device can be assumed for link budget. The noise figure is device vendor implementation specific.

NOTE 6:      Max Doppler shift and Max Doppler shift variation in the absence of any device pre-compensation of satellite Doppler shift on the service link.

NOTE 7:      System bandwidth is FFS


 
Agreement:
Include MEO Set-5 parameters for link budget analysis in a new Table 6.2-8 in TR 36.763, as a representative characterization of NTN-IoT scenarios with MEO altitude and characteristics:
Table 6.2-8: Sets of satellite parameters for link budget and system level evaluations 
 
	 
	Proposed MEO Scenarios (Set 5)

	Satellite orbit
	MEO

	Satellite altitude
	10,000 km

	Payload characteristics for DL transmission

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

	Equivalent satellite antenna aperture (NOTE1)
	1.5 m

	Satellite EIRP density
	45.4 dBW/MHz

	Satellite Tx max Gain
	28.1 dBi

	3dB beamwidth
	6.5 degrees

	Satellite beam diameter (at nadir pointing)
	1140 km

	Payload characteristics for UL reception

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

	Equivalent satellite antenna aperture (NOTE1)
	1.5 m

	G/T
	3.8 dB/K

	Satellite Rx max Gain
	28.1 dBi

	NOTE 1: This value is equivalent to the antenna diameter for the parabolic reflector modelled in Sec. 6.4.1 of TR 38.811. Other antenna models can be considered.


 
Agreement:
Add MEO Set-5 satellite parameters for system level simulator calibration   in a new Table 6.2-9 in TR 36.763: 
 
Table 6.2-9: Set-5 parameters for link budget analysis
	Set 5
	MEO

	3 dB Beam width (HPBW)
	6.5 degrees

	Central beam center elevation
	90 degrees

	Central beam edge elevation
	81.6 degrees

	Central beam edge satellite-UE distance
	10042 km


 
Agreement:
Add observation in TR 36.763: 
The doppler shift/variation and the delay variation for MEO are smaller than for LEO. The maximum delay for MEO is smaller than for GEO. The IoT-NTN enhancements for LEO and GEO should be sufficient to support MEO.
NOTE: The parameter set for MEO is only for information/reference and evaluation/enhancements are mainly considered for GEO and LEO. These enhancements can be applicable for MEO.
1.1.2 Enhancements to time and frequency synchronization
Including random access procedure/signals

R1-2102758
"Summary #1 of AI 8.15.2  Enhancements to time and frequency

synchronization"
MediaTek Inc.

R1-2102344
Discussion on time and frequency synchronization enhancement for IoT in NTN
Huawei, HiSilicon

R1-2102423
Discussion on enhancements to time and frequency synchronization
OPPO

R1-2102473
Consideration on enhancements to time and frequency synchronization
Spreadtrum Communications

R1-2102618
Time and frequency synchronization for NB-IoT/eMTC
CATT

R1-2102736
Enhancements to time and frequency synchronization
Asia Pacific Telecom, FGI, ITRI, III

R1-2102755
Enhancements to time and frequency synchronization for IoT NTN
MediaTek Inc.

R1-2102832
Enhancement to time and frequency synchronization for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2102906
Enhancements to time and frequency synchronization for IoT  NTN
CMCC

R1-2102917
Discussion on the synchronization for IoT-NTN
ZTE

R1-2102973
Discussion on time and frequency synchronization for IoT NTN
Xiaomi

R1-2103056
On synchronization for NB-IoT and eMTC NTN
Intel Corporation

R1-2103061
On time and frequency synchronization enhancements for IoT NTN
Ericsson

R1-2103071
Enhancements to time and frequency synchronization
Qualcomm Incorporated

R1-2103133
On Time and Frequency Synchronization in IoT NTN
Apple

R1-2103267
On enhancements to time and frequency synchronization
Samsung

R1-2103273
Time/Frequency Synchronization for IoT NTN
InterDigital, Inc.

R1-2103319
Time and frequency synchronisation enhancements for IoT-NTN
Sony

R1-2103528
Time and frequency synchronization for IoT NTN
Lenovo, Motorola Mobility

R1-2102758
Summary #1 of AI 8.15.2 
Enhancements to time and frequency synchronization
Moderator (MediaTek)
R1-2103908
Summary #3 of AI 8.15.2 
Enhancements to time and frequency synchronization
Moderator (MediaTek)

R1-2103950
Summary #3 of AI 8.15.2 
Enhancements to time and frequency synchronization
Moderator (MediaTek)

R1-2103964
Summary #4 of AI 8.15.2 
Enhancements to time and frequency synchronization
Moderator (MediaTek)

[104b-e-NR-NB_IoT_eMTC-02] Email discussion/approval on enhancements to time and frequency synchronization with checkpoints for agreements on Apr-15, Apr-20 – Gilles (MediaTek)
Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1

· Capture in TR 36.763, individual companies battery life analysis in Appendix A
Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 

· The pre-compensation does not vary within a block of N time units

· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 

· The pre-compensation does not vary within a block of N time units

· FFS: the definition and value of N

Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 

· (part of) ARFCN-indication-in-MIB

Agreement:
Capture the following in the TR:

The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.
1.1.3 Timing relationship enhancements
R1-2102345
Discussion on timing relationship enhancement for IoT in NTN
Huawei, HiSilicon

R1-2102424
Discussion on timing relationship enhancements
OPPO

R1-2102474
Consideration on timing relationship enhancements
Spreadtrum Communications

R1-2102619
Timing relationship enhancement for NB-IoT/eMTC
CATT

R1-2102737
Timing relationship enhancements
Asia Pacific Telecom, FGI, ITRI, III

R1-2102756
Timing relationship enhancements for IoT NTN
MediaTek Inc.

R1-2102800
Timing relationship enhancements to support NB-IoT eMTC in Non-Terrestrial Network
Zhejiang Lab

R1-2102833
Timing relationship enhancements for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2102907
Timing relationship enhancements  for IoT  NTN
CMCC

R1-2102918
Discussion on timing relationship for IoT-NTN
ZTE

R1-2102974
Discussion on the timing relationship enhancement for IoT NTN
Xiaomi

R1-2103057
On timing relationship for NB-IoT and eMTC NTN
Intel Corporation

R1-2103062
On timing relationship enhancements for IoT NTN
Ericsson

R1-2103072
Timing relationship enhancements
Qualcomm Incorporated

R1-2103134
On Timing Relationship Enhancement in IoT NTN
Apple

R1-2103268
Timing relationship enhancements
Samsung

R1-2103274
Timing relationship enhancement for IoT NTN
InterDigital, Inc.

R1-2103320
Timing relationships for IoT-NTN
Sony

R1-2103529
Timing relationship enhancements for IoT NTN
Lenovo, Motorola Mobility
R1-2103847
FL summary #1 of AI 8.15.3 Timing relationship for IoT-NTN

Moderator (Sony)

R1-2103887
FL summary #2 of AI 8.15.3 Timing relationship for IoT-NTN

Moderator (Sony)

R1-2103957
FL summary #3 of AI 8.15.3 Timing relationship for IoT-NTN

Moderator (Sony)
R1-2104083
FL summary #4 of AI 8.15.3: Timing relationship for IoT-NTN
Moderator (Sony) 

[104b-e-NR-NB_IoT_eMTC-03] Email discussion/approval on timing relationship enhancements with checkpoints for agreements on Apr-15, Apr-20 – Sam (Sony)
Agreement:
The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:

· NPDCCH to NPUSCH format 1 

· RAR grant to NPUSCH format 1

· NPDSCH to HARQ-ACK on NPUSCH format 2

· Timing advance command activation

· FFS: NPDCCH order to NPRACH

· FFS: Other NB-IoT timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of NB-IoT timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.
Agreement:
The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:

· MPDCCH to PUSCH 

· RAR grant to PUSCH 

· MPDCCH to scheduled uplink SPS 

· PUSCH to HARQ-ACK on PUCCH 

· CSI reference resource timing 

· MPDCCH to aperiodic SRS 

· Timing advance command activation

· FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
For NB-IoT over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 

· PRACH preamble retransmission

Agreement: 
For eMTC over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 

· PRACH preamble retransmission

Agreement:
Capture the following in the TR:

The UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions in FDD-HD.

Agreement:
The following aspects of Koffset are not to be studied further and can at least rely on decisions made in the NR NTN WI:

· Explicit or implicit indication in system information
· Support UE-specific Koffset after initial access
1.1.4 Enhancements on HARQ
R1-2102346
Discussion on HARQ enhancement for IoT in NTN
Huawei, HiSilicon

R1-2102425
Discussion on HARQ enhancements
OPPO

R1-2102475
Consideration on enhancements on HARQ
Spreadtrum Communications

R1-2102551
Discussion on HARQ enhancements on NB-IoT/eMTC for NTN
vivo

R1-2102620
HARQ operation enhancement for NB-IoT/eMTC
CATT

R1-2102738
Enhancements on HARQ
Asia Pacific Telecom, FGI, ITRI, III

R1-2102757
Enhancements on HARQ for IoT NTN
MediaTek Inc.

R1-2102834
HARQ for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2102908
Enhancements on HARQ for IoT  NTN
CMCC

R1-2102919
Discussion on HARQ for IoT-NTN
ZTE

R1-2102975
Discussion on the HARQ enhancement for IoT NTN
Xiaomi

R1-2103063
On HARQ enhancements for IoT NTN
Ericsson

R1-2103073
Enhancements on HARQ
Qualcomm Incorporated

R1-2103135
On HARQ Enhancement in IoT NTN
Apple

R1-2103269
On enhancements on HARQ
Samsung

R1-2103275
HARQ enhancement for IoT NTN
InterDigital, Inc.

R1-2103321
HARQ issues for IoT-NTN
Sony

R1-2103530
HARQ enhancement for IoT NTN
Lenovo, Motorola Mobility

R1-2103803
Summary#1 of enhancements on HARQ
Moderator (Samsung)
R1-2103804
Summary#2 of enhancements on HARQ
Moderator (Samsung)

R1-2103805
Summary#3 of enhancements on HARQ
Moderator (Samsung)
[104b-e-NR-NB_IoT_eMTC-04] Email discussion/approval on enhancements on HARQ with checkpoints for agreements on Apr-15, Apr-20 – Carmela (Samsung)
Agreement:
Increasing the number of HARQ processes for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17.

1.1.5 Others
R1-2102426
Discussion on other aspects
OPPO

R1-2102476
Consideration on other design aspects for IOT NTN
Spreadtrum Communications

R1-2102835
Applicability of NB-IoT/eMTC features for NTN
Nokia, Nokia Shanghai Bell

R1-2102920
Discussion on additional enhancement for IoT-NTN
ZTE

R1-2102976
Discussion on the other design aspects for IoT NTN
Xiaomi

R1-2103064
On evaluation assumptions for NB-IoT and eMTC based NTN
Ericsson

R1-2103074
Other aspects for NTN IOT
Qualcomm Incorporated

R1-2103396
Other aspects to support IoT in NTN
Huawei, HiSilicon
