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9.12  NTN (Non-Terrestrial Networks) enhancements

Please refer to RP-221819 for detailed scope of the WI on NR NTN enhancements. Also refer to RP-221820 and TR38.882 for additional information on network verified UE location for NR NTN. Please refer to RP-221806 for detailed scope of the WI on IoT NTN enhancements.
[110-R18-NTN] To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc – Mohamed (Thales)
R1-2205829
Work plan for NR NTN enhancements in Rel-18 
THALES

R1-2206223
Discussion on UL time and frequency synchronization enhancement for NTN
BUPT
Late submission
R1-2206418
Discussion on UL time and frequency synchronization enhancement for NTN
BUPT
9.12.1 Coverage enhancement for NR NTN
R1-2205826
Discussion on NR NTN coverage enhancement
THALES

R1-2205832
Coverage Enhancement for NTN
Lockheed Martin

R1-2205856
Discussion on coverage enhancement for NR NTN
Huawei, HiSilicon

R1-2206009
Discussion on coverage enhancements for NTN
Spreadtrum Communications

R1-2206012
Coverage enhancement for NR NTN
NTPU

R1-2206020
Discussion on coverage enhancement for NTN
ZTE

R1-2206063
Discussions on coverage enhancement for NR NTN
vivo

R1-2206133
Considerations on improving NR NTN Coverage
Sony

R1-2206137
Coverage enhancement for NR NTN
MediaTek Inc.

R1-2206236
Discussion on coverage enhancements aspects for NR NTN
NEC

R1-2206310
Discussion on coverage enhancement for NR NTN
OPPO

R1-2206386
Discussion on coverage enhancement for NR NTN
CATT

R1-2206423
Evaluation results for NTN coverage enhancement
Panasonic

R1-2206630
Discussion on coverage enhancement for NR-NTN
Xiaomi

R1-2206848
On coverage enhancement for NR NTN
Samsung

R1-2206859
On NTN coverage enhancement
ITL

R1-2206961
Coverage enhancement for NR NTN
ETRI

R1-2207140
Evaluation of coverage enhancements for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2207255
Coverage enhancements for NR NTN
Qualcomm Incorporated

R1-2207294
Discussion on coverage enhancement for NR NTN
Lenovo

R1-2207353
Performance Evaluation on Coverage Enhancement for NR NTN
Apple

R1-2207358
Discussion on coverage enhancement for NR NTN
LG Electronics

R1-2207372
Discussion on coverage enhancement for NR NTN
Baicells

R1-2207428
Discussion on coverage enhancement for NR NTN
NTT DOCOMO, INC.

R1-2207556
On coverage enhancements for NR NTN
Ericsson

R1-2207762
On coverage enhancements for NR NTN
Ericsson

R1-2207810
Summary #3 on 9.12.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

R1-2207808
Summary #1 on 9.12.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

Conclusion

For Rel-18 coverage enhancement in NTN, NLOS environment is deprioritized.

R1-2207809
Summary #2 on 9.12.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO

Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:

· VoIP using AMR 4.75 kbps. 

· Low data rate of 3 kbps. 

· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2

Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,

· Five sources observed that the existing specification can meet the performance requirement

Conclusion

RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,

· Six sources observed that the existing specification can meet the performance requirement

· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap

Conclusion

RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,

· One source observed that the existing specification can meet the performance requirement

· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.
Conclusion

RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
Observation

For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,

· Eight sources observed that the existing specification can meet the performance requirement

Conclusion

RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

R1-2207811
Summary #4 on 9.12.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

Observation

For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,

· One source observed that the existing specification can meet the performance requirement

· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB

For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,

· Ten sources observed that the existing specification can meet the performance requirement

· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB

For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,

· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB

Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation

For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,

· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB

· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB

· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation

RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.
Observation

For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,

· Eight sources observed that the existing specification can meet the performance requirement

· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.

Conclusion

RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Proposed Conclusion
· RAN1 concluded that enhancement is unnecessary for all downlink channels and signals with parameter set-1 for LEO-1200 operating at LOS.

· Note: it was assumed that there is no satellite transmission power reduction

· [RAN1 concluded that one or more downlink channels and signals should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS when it was assumed that there is satellite transmission power reduction.]

9.12.2 Network verified UE location for NR NTN

R1-2205827
Discussion on network verified UE location in NR NTN
THALES

R1-2205859
Discussion on network-verified UE location for NR NTN
Huawei, HiSilicon

R1-2206021
Discussion on network verified UE location for NR NTN
ZTE

R1-2206064
Discussions on Network verified UE location for NR NTN
vivo

R1-2206134
Network verified UE location for NR NTN
Sony

R1-2206138
Network verified UE location for NR NTN
MediaTek Inc.

R1-2206311
Discussion on network verified UE location for NR NTN
OPPO

R1-2206387
Considerations on network verified UE location for NR NTN
CATT

R1-2206424
Discussion on network verified UE location for NTN
Panasonic

R1-2206503
On NTN NW verified UE location
Lenovo

R1-2206631
Discussion on the network verified location for NTN
Xiaomi

R1-2206849
Network verified UE location for NR NTN
Samsung

R1-2206962
Discussion on network verified UE location for NTN
ETRI

R1-2207141
Network verified UE positioning for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2207256
Network verified UE location for NR NTN
Qualcomm Incorporated

R1-2207354
On Network Verified UE Location
Apple

R1-2207359
Discussion on network verified UE location for NR NTN
LG Electronics

R1-2207429
Discussion on Network verified UE location for NR NTN
NTT DOCOMO, INC.

R1-2207628
FL Summary #1: Network verified UE location for NR NTN
THALES

R1-2207630
FL Summary #3: Network verified UE location for NR NTN
THALES

R1-2207631
FL Summary #4: Network verified UE location for NR NTN
THALES

R1-2207682
On network verified UE location in NR NTN
Ericsson

R1-2207629
FL Summary #2: Network verified UE location for NR NTN
THALES

Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:

· Multi-RTT

· DL/UL-TDOA

Note-1: Other methods (e.g. AoA based) are not precluded

Note-2: RAT independent positioning methods are not under the scope of the study

Agreement
For evaluating positioning performance in NTN, the following metrics apply.

· Horizontal accuracy:

· Horizontal accuracy is the difference between a calculated horizontal position by the network and the actual horizontal position of a UE (for evaluation purposes)

· At least CDFs of horizontal positioning errors are used as a performance metrics in NR positioning evaluations

· At least the following percentiles of positioning error is analyzed 50%, 67%, 80%, 90%, 95%

Email discussion on evaluation methodology for network-verified UE location until August 31 – Mohamed (Thales)
9.12.3 Disabling of HARQ feedback for IoT NTN
R1-2205831
Remaining Issues for HARQ
Lockheed Martin

R1-2205857
Discussion on disabling of HARQ feedback for IoT NTN
Huawei, HiSilicon

R1-2206010
Discussion on disabling of HARQ feedback for IoT NTN
Spreadtrum Communications

R1-2206022
Discussion on disabling of HARQ feedback for IoT-NTN
ZTE

R1-2206135
On disabling HARQ feedback for IoT-NTN
Sony

R1-2206139
Disabling of HARQ for IoT NTN
MediaTek Inc.

R1-2206312
Discussion on disabling of HARQ feedback for IoT NTN
OPPO

R1-2206388
Discussion on disabling of HARQ feedback for IoT NTN
CATT

R1-2206480
Disabling of HARQ feedback for IoT NTN
NEC

R1-2206632
Discussion on HARQ operation for IoT NTN
Xiaomi

R1-2206850
Disabling of HARQ feedback for IoT NTN
Samsung

R1-2206881
Disabling of HARQ feedback for IoT NTN
Nordic Semiconductor ASA

R1-2206933
Discussion on disabling of HARQ feedback for IoT NTN
CMCC

R1-2207080
On disabling HARQ feedback for IOT-NTN
Mavenir

R1-2207144
Discussions on disabling of HARQ feedback for IoT NTN
Sharp

R1-2207150
Disabling HARQ feedback in IoT-NTN
InterDigital, Inc.

R1-2207257
Disabling HARQ Feedback for IoT-NTN
Qualcomm Incorporated

R1-2207291
Disabling of HARQ feedback for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2207295
Disabling of HARQ feedback for IoT NTN
Lenovo

R1-2207355
HARQ Feedback Disabling for IoT NTN
Apple

R1-2207570
On disabling HARQ feedback for IoT NTN
Ericsson

R1-2207772
FLS#1 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)
R1-2207949
FLS#1 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)
Agreement
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:

· Option 1: per HARQ process via UE specific RRC signaling.
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field).

· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above.

Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:

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

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

· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above
Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, at least the following UE behavior(s) can be considered:

· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 

· X =12
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH

· Y=12

Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes)

9.12.4 Improved GNSS operations for IoT NTN
R1-2205858
Discussion on improved GNSS operations for IoT NTN
Huawei, HiSilicon

R1-2206011
Discussion on improved GNSS operations for IoT NTN
Spreadtrum Communications

R1-2206023
Discussion on improved GNSS operation for IoT-NTN
ZTE

R1-2206140
Improved GNSS operations for IoT NTN
MediaTek Inc.

R1-2206313
Discussion on improved GNSS operations for IoT NTN
OPPO

R1-2206389
Improved GNSS operations for IoT NTN
CATT

R1-2206633
Discussion on improved GNSS operation for IoT NTN
Xiaomi

R1-2206851
Improved GNSS operations for IoT NTN
Samsung

R1-2206882
Improved GNSS operations for IoT NTN
Nordic Semiconductor ASA

R1-2206934
Discussion on improved GNSS operations for IoT NTN
CMCC

R1-2207151
On improved GNSS operation for IoT-NTN
InterDigital, Inc.

R1-2207258
Improved GNSS Operations for IoT-NTN
Qualcomm Incorporated

R1-2207259
On improved GNSS operation in IoT NTN
Ericsson Limited

R1-2207292
Enhancements for long connections in NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2207296
Improved GNSS operations for IoT NTN
Lenovo

R1-2207356
On Improved GNSS Operations for IoT NTN
Apple
R1-2207736
Feature lead summary#1 of AI 9.12.4 on improved GNSS operations
Moderator (MediaTek)

Agreement
GNSS assistance information that UE reports to eNB at least consists of:

· GNSS position fix time duration for measurement 
· GNSS validity duration 

Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix

· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers
R1-2207737
Feature lead summary#2 of AI 9.12.4 on improved GNSS operations
Moderator (MediaTek)
