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9.11 NTN (Non-Terrestrial Networks) enhancements
Please refer to RP-222654 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.
[111-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)
R1-2210953
R18 WI NR-NTN-enh work plan at RAN1, 2 and 3
THALES

9.11.1 Coverage enhancement for NR NTN
R1-2210872
Discussion on coverage enhancement for NR NTN
Huawei, HiSilicon

R1-2211026
Discussions on coverage enhancements for NR NTN
vivo

R1-2211093
Coverage enhancement for NR NTN
MediaTek Inc.

R1-2211109
Discussion on coverage enhancement for NTN
ZTE

R1-2211115
Discussion on coverage enhancement for NR NTN
Hyundai Motor Company

R1-2211176
Further discussion on UL coverage enhancement for NR NTN
CATT

R1-2211247
Discussion on coverage enhancements for NTN
Spreadtrum Communications

R1-2211328
Discussion on DMRS bundling for NR NTN
NTPU

R1-2211342
Discussion on coverage enhancement for NR-NTN
xiaomi

R1-2211416
On coverage enhancement for NR NTN
Intel Corporation

R1-2211460
Discussion on coverage enhancement for NR NTN
OPPO

R1-2211567
Discussion on coverage enhancement for NR NTN
ETRI

R1-2211594
Discussion on coverage enhancement for NR-NTN
Panasonic

R1-2211626
On coverage enhancement for NR NTN
Sony

R1-2211699
Discussion on coverage enhancement for NR NTN
CMCC

R1-2211754
Coverage enhancement for NR NTN
NEC

R1-2211828
Discussion on Coverage Enhancement for NR NTN
Apple

R1-2211883
Discussion on coverage enhancement for NR NTN
Lenovo

R1-2211929
Discussion on coverage enhancement for NR NTN
LG Electronics

R1-2212002
Discussion on coverage enhancement for NR NTN
NTT DOCOMO, INC.

R1-2212064
On coverage enhancement for NR NTN
Samsung

R1-2212136
Coverage enhancements for NR NTN
Qualcomm Incorporated

R1-2212213
Discussion on coverage enhancement for NR NTN
Baicells

R1-2212240
Coverage enhancement for NR NTN
MediaTek Inc.

Withdrawn

R1-2212325
On coverage enhancements for NR NTN
Ericsson

R1-2212401
Considerations on coverage enhancements for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2212569
Summary #1 on 9.11.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)
R1-2212570
Summary #2 on 9.11.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

R1-2212571
Summary #3 on 9.11.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

Conclusion

For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.
R1-2212864
Summary #3 on 9.11.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP

· FFS: How to determine TDW size, including UE capability.

· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,

· One or more repetition factors may be configured via SIB

· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor

· FFS: whether UE requests repetition or indicates repetition capability

· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 

· FFS: whether UE requests repetition or indicates repetition capability

· FFS: whether repetition factor is indicated by UE

· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion

9.11.2 Network verified UE location for NR NTN

R1-2210873
Discussion on network-verified UE location for NR NTN
Huawei, HiSilicon

R1-2210948
Discussion on network verified UE location in NR NTN
THALES

R1-2211027
Discussions on UE location verification in NR NTN
vivo

R1-2211094
Network verified UE location for NR NTN
MediaTek Inc.

R1-2211110
Discussion on network verified UE location for NR NTN
ZTE

R1-2211177
Further evaluations on network verified UE location for NR NTN
CATT

R1-2211343
Discussion on the network verified location
xiaomi

R1-2211417
On network verified UE location for NR NTN
Intel Corporation

R1-2211461
Discussion on network verified UE location for NR NTN
OPPO

R1-2211601
Discussion on Network-verified UE location for NTN
PANASONIC

R1-2211627
Network verified UE location for NR NTN
Sony

R1-2211746
NTN NW verified UE location
Lenovo

R1-2211765
On network verified UE location in NR NTN
Ericsson Limited

R1-2211829
On Network Verified UE Location
Apple

R1-2211930
Discussion on network verified UE location for NR NTN
LG Electronics

R1-2212003
Discussion on Network verified UE location for NR NTN
NTT DOCOMO, INC.

R1-2212065
Network verified UE location for NR NTN
Samsung

R1-2212137
Network verified UE location for NR NTN
Qualcomm Incorporated

R1-2212241
Network verified UE location for NR NTN
MediaTek Inc.

Withdrawn

R1-2212402
Further discussion on Network Verified UE Positioning
Nokia, Nokia Shanghai Bell

R1-2210949
FL Summary #1: Network verified UE location for NR NTN
THALES

Observation

For network verified UE location based on multi-RTT positioning method using Rx-Tx time difference measurements with single satellite, assuming the ambiguity of the mirror image position is resolved, if the UE reports needed to perform multi-RTT can be assumed to be trusted:

· Five sources observed that multi-RTT positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km:

· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with few seconds over-the-air latency (less or equal to 10s) with 95-percentile confidence level.

· Regarding the above observation, the following inputs were reported by companies:

· One source reported that the timing measurement error of SRS is smaller than 232 ns with 95% probability. And the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively. This source, reported also that satellite’s movement between TX and RX measurements is taken into account in the evaluation.

· One source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz. While for the SRS measurement, the maximum timing error is around 50ns with SRS bandwidth of 9.36 MHz. Further, this source, proposed that the RTT estimation error due to the movement of the satellite should be taken into account.

· Note: this source provided results using 2D positioning method.

· One source considered the maximum timing measurement error: 30ns, 50ns, 100ns, 200ns and uniform distribution of timing measurement error.

· One source reported that the timing measurement error of 95 percentile is equal to 8ns and 12.6ns for PRS and SRS respectively with an oversampling of 8. To take into account satellite movement between TX and RX measurements, for RTT calculation this source observed that the RTT between a satellite and a UE at time t0 can be approximated by the sum of the one-way delay at t0-T and the one-way delay at t0+T when T is small, e.g., less than 200 ms.

· One source observed that the positioning horizontal accuracy of less than 10km can be achieved with 180 seconds latency for earth fixed beam with 90-percentile confidence level

· This source reported that the timing measurement error of SRS and PRS can be smaller than 26.7ns and 6.1ns respectively with 95% probability under 30 degree elevation angle for LEO-600. Further, it observed that the satellite movement is taken into consideration when calculating the RTT.

· Two sources observed that multi-RTT positioning method require latency larger than 60 seconds for UE located nearby the orbital plane of a satellite during a certain time duration.
Note 1: Some companies observed that when 2D positioning method is used (e.g. when UE altitude is known to the network) better positioning latency/accuracy can be achieved compared to 3D positioning method.

R1-2210950
FL Summary #2: Network verified UE location for NR NTN
THALES
Conclusion:

For network verification of UE location in NR NTN with single satellite in view with multi-RTT positioning: 
· From RAN1 perspective, if the UE’s Rx-Tx time difference measurements report can be assumed to be trusted, multi-RTT positioning method using Rx-Tx time difference measurements can meet the accuracy requirement of less than 10km with 90% confidence, in case of:

· At least LEO600 based deployment

· Earth fixed cells

· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RTT measurements

· Note: the required over-the-air latency reported in evaluations ranged from less than 10s up to 180s
R1-2210951
FL Summary #3: Network verified UE location for NR NTN
THALES
Observation
For network verified UE location based on DL-TDOA positioning method with single satellite:

Eight companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the UE reports needed to perform DL-TDOA can be assumed to be trusted:

· Five sources observed that DL-TDOA positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km without considering UE Clock drift:

· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with 30 seconds or less:

· One of these 4 sources observed that horizontal positioning error is equal to 2.5km with 95% probability.
· This source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz

· Note 1: this source provided results using 2D positioning method.

· One of these 4 sources observed that horizontal positioning error of DL-TDOA via PRS with 3 RSTDs and a latency of 24s is equal to 5.33km with 90% probability and 8.92km with 95% probability.

· This source reported that the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively.

· This source observed that existing CSI RS can be used to meet the requirement with comparable latency

· One of these 4 sources observed that horizontal positioning accuracy for a latency of 30s with SNR of 5dB and with 90% probability is equal to 9.44km.

· This source observed that the maximum timing measurement error that can be allowed to meet the accuracy requirement of 10km is about 80ns.

· One of these 4 sources observed the horizontal positioning accuracy of less than 10km can be achieved for 90% of UEs with 12 seconds latency and for 95% of UEs with 20 seconds latency.


· The maximum time measurement error considered by this source is equal to 6ns

· One source observed that the horizontal positioning error of DL-TDOA method can be smaller than 10 km with over 80% probability with 180 seconds latency.
· This source reported that the timing measurement error of PRS can be smaller than 6.1ns with 95%
· One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in DL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of DL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.

· Note 2: This source considered 10 ns UE Clock drift for all time measurement window.

· Note 3: Position accuracy requirements may not be met if realistic assumption on UE clock drift is considered.

Observation

For network verified UE location based on UL-TDOA positioning method with single satellite:

Two companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the measurements needed to perform UL-TDOA can be assumed to be trusted:

· One source observed that UL-TDOA cannot meet the target requirement for both earth fixed beam and earth moving beam. With 180s latency, positioning error performance that can be achieved is 34 km, CDF=90% and 13km, CDF=80%.
· This source reported that the timing measurement error of SRS can be smaller than 26.7ns with 95% probability under 30 degree elevation angle for LEO-600 set-1, rural LOS S-band scenario.
· One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in UL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of UL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.

Conclusion

For network verification of UE location in NR NTN with single satellite in view with DL-TDOA positioning: From RAN1 perspective, if the UE’s RSTD measurements report can be assumed to be trusted, DL-TDOA positioning method can meet the accuracy requirement of less than 10km with 90% confidence, in case of:

· At least LEO600 based deployment

· Earth fixed cells

· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RSTD measurements

Note 1: the above is based on evaluation results that didn’t account for UE Clock drift

Note 2: the required over-the-air latency reported in evaluations ranged from less than 20s up to 180s

Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.

Proposed Conclusion
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:

· If justified: NTN-specific definition of UE RX-TX time difference 

· Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.

· If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF

· If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite

For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.

Chair’s note: one company objected the above conclusion because it does not include a conclusion on using UE-specific TA report for network verification of UE location in NR NTN.

R1-2210952
FL Summary #4: Network verified UE location for NR NTN
THALES

From agenda 5
R1-2210807
LS on RACH-less handover in NTN
RAN2, OPPO

Relevant company tdocs:
R1-2210964
Draft reply LS on RACH-less HO
vivo

R1-2211103
[Draft] Reply LS to RAN2 on RACH-less handover in NTN
ZTE

R1-2211104
Discussion on the LS on RACH-less handover in NTN
ZTE

R1-2211466
Discussion on RACH-less handover in NTN
OPPO

R1-2211467
Draft LS reply on RACH-less handover in NTN
OPPO

R1-2212078
Draft Reply LS on RACH-less HO
Qualcomm Incorporated

R1-2211785
Discussion on RAN2 LS on RACH-less Handover in NTN
Apple

R1-2211786
Draft Reply LS to RAN2 on RACH-less Handover in NTN
Apple

R1-2212486
Draft reply to LS on RACH-less handover in NTN
Huawei, HiSilicon

To be handled in agenda item 9.11. RAN1 response needed. To be moderated by Hao (OPPO).

R1-2212809
[Draft] reply LS on RACH-less handover in NTN
Moderator (OPPO)
R1-2212930
[Draft] reply LS on RACH-less handover in NTN
Moderator (OPPO)
Agreement
For the draft reply LS:
RAN1 response:

For scenario 1, from RAN1 perspective the RACH-less handover is possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 

For scenario (2)-(4), from RAN1 perspective the RACH-less handover may be possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 

Note 1: RAN1 assumes that the RAN4 UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.
Note 2: gNB is expected to provide valid assistance information of the target cell to UE.

Note 3: gNB is expected to ensure the UE can perform the UL transmission while respecting common TA and UE processing time.
2. Actions:

To RAN2:

RAN1 respectfully asks RAN2 to take the above response into account in the future work.

To RAN4: 

RAN1 respectfully asks RAN4 whether RAN1’s assumption in Note 1 is correct.
Comeback for draft LS reply (Hao, OPPO)
9.11.3 Disabling of HARQ feedback for IoT NTN
R1-2210874
Discussion on disabling of HARQ feedback for IoT NTN
Huawei, HiSilicon

R1-2210947
Considerations for Disablement of HARQ in IoT NTN
Lockheed Martin

R1-2211095
Disabling of HARQ for IoT NTN
MediaTek Inc.

R1-2211111
Discussion on disabling of HARQ feedback for IoT-NTN
ZTE

R1-2211178
Discussion on remaining issues of disabling of HARQ feedback for IoT NTN
CATT

R1-2211248
Discussion on disabling of HARQ feedback for IoT NTN
Spreadtrum Communications

R1-2211344
Discussion on the HARQ operation for IoT NTN
xiaomi

R1-2211462
Discussion on disabling of HARQ feedback for IoT NTN
OPPO

R1-2211548
Disabling of HARQ feedback for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2211700
Discussion on disabling of HARQ feedback for IoT NTN
CMCC

R1-2211734
Disabling of HARQ feedback in IoT-NTN
InterDigital, Inc.

R1-2211756
On disabling HARQ feedback for IOT-NTN
Mavenir

R1-2211767
On disabling HARQ feedback for IoT NTN
Ericsson

R1-2211830
On HARQ Feedback Disabling for IoT NTN
Apple

R1-2211884
Disabling of HARQ feedback for IoT NTN
Lenovo

R1-2212066
Disabling of HARQ feedback for IoT NTN
Samsung

R1-2212138
Disabling HARQ Feedback for IoT-NTN
Qualcomm Incorporated

R1-2212242
Disabling of HARQ for IoT NTN
MediaTek Inc.

Withdrawn

R1-2212367
Disabling of HARQ feedback for IoT NTN
NEC

R1-2212432
Disabling of HARQ feedback for IoT NTN
Nordic Semiconductor ASA

R1-2212554
FLS#1 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)

R1-2212555
FLS#2 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)

Working assumption
For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:

· Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission

· Additional RRC signaling to enable Option 3
· If the bitmap for option 1 is not present and if option 3 is configured then the DCI directly indicates HARQ enable/disable. Option 3 can also be configured when the bitmap for option 1 is configured.
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes or only applied to semi-statically HARQ disabled processes or only applied to semi-statically HARQ enabled processes.
· FFS #2: whether/how to support Option 3 overriding default configuration for corresponding transmission for multiple TBs scheduled by single DCI
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.
9.11.4 Improved GNSS operations for IoT NTN
R1-2210875
Discussion on improved GNSS operations for IoT NTN
Huawei, HiSilicon

R1-2211096
Improved GNSS operations for IoT NTN
MediaTek Inc.

R1-2211112
Discussion on improved GNSS operation for IoT-NTN
ZTE

R1-2211179
Considerations on improved GNSS operationts  for IoT NTN
CATT

R1-2211249
Discussion on improved GNSS operations for IoT NTN
Spreadtrum Communications

R1-2211345
Discussion on the improved GNSS operation for IoT NTN
xiaomi

R1-2211463
Discussion on improved GNSS operations for IoT NTN
OPPO

R1-2211549
Enhancements for long connections in NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2211701
Discussion on improved GNSS operations for IoT NTN
CMCC

R1-2211735
GNSS acquisition and reporting in IoT NTN
InterDigital, Inc.

R1-2211755
On Improved GNSS Operations for IoT NTN
NEC

R1-2211764
On Improved GNSS operation in IoT NTN
Ericsson Limited

R1-2211831
On Improved GNSS Operations for IoT NTN
Apple

R1-2211885
Improved GNSS operations for IoT NTN
Lenovo

R1-2212067
Improved GNSS operations for IoT NTN
Samsung

R1-2212139
Improved GNSS Operations for IoT-NTN
Qualcomm Incorporated

R1-2212243
Improved GNSS operations for IoT NT
MediaTek Inc.

Withdrawn

R1-2212433
Improved GNSS operation for IoT NTN
Nordic Semiconductor ASA
R1-2212651
Feature lead summary#1 of AI 9.11.4 on improved GNSS operations
Moderator (MediaTek)

Agreement
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement

· FFS based on configured timing 

R1-2212652
Feature lead summary#2 of AI 9.11.4 on improved GNSS operations
Moderator (MediaTek)

