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9.9 NTN (Non-Terrestrial Networks) enhancements

Please refer to RP-230809 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-223519 for detailed scope of the WI on IoT NTN enhancements.
R1-2302406
R18 WI NR-NTN-enh work plan at RAN1, 2 and 3
THALES

9.9.1 Coverage enhancement for NR NTN
[112bis-e-R18-NTN-01] Email discussion on coverage enhancement for NR NTN by April 26 – Shohei (DOCOMO)

· Check points: April 21, April 26
R1-2302364
Discussion on coverage enhancement for NR NTN
Huawei, HiSilicon

R1-2302433
Further considerations on coverage enhancements for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2302502
Discussions on remaining issues of coverage enhancements in NR NTN
vivo

R1-2302564
Discussion on coverage enhancement for NR NTN
OPPO

R1-2302616
Discussion on coverage enhancements for NTN
Spreadtrum Communications

R1-2302719
Further discussion on UL coverage enhancement for NR NTN
CATT

R1-2302738
Discussion on coverage enhancement for NR NTN
Baicells

R1-2302748
Coverage enhancement for NR NTN
NEC

R1-2302812
On coverage enhancement for NR NTN
Intel Corporation

R1-2302857
On coverage enhancement for NR NTN
Sony

R1-2302998
Discussion on coverage enhancement for NR-NTN
xiaomi

R1-2303014
On coverage enhancements for NR NTN
Ericsson

R1-2303032
Discussion on coverage enhancement for NR NTN
China Telecom

R1-2303144
On coverage enhancement for NR NTN
Samsung

R1-2303204
Discussion on coverage enhancement for NR NTN
ETRI

R1-2303250
Discussion on coverage enhancement for NR NTN
CMCC

R1-2303294
Discussion on coverage enhancement for NTN
ZTE

R1-2303351
UL coverage enhancements
MediaTek Inc.

R1-2303499
On Coverage Enhancement for NR NTN
Apple

R1-2303534
Coverage enhancements for NR NTN
Lenovo

R1-2303606
Coverage enhancements for NR NTN
Qualcomm Incorporated

R1-2303625
Discussion on coverage enhancement for NR-NTN
Panasonic

R1-2303643
Views on Coverage enhancement for NR NTN
Sharp

R1-2303725
Discussion on coverage enhancement for NR NTN
NTT DOCOMO, INC.

R1-2303748
Discussion on coverage enhancement for NR NTN
LG Electronics

R1-2303950
Summary #1 on 9.9.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

Observation

For NTN-specific PUSCH DMRS bundling, 

· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:

· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.

· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW

· FFS: specification impact

· Send an LS to RAN4
R1-2304093
[Draft] LS on PUSCH DMRS bundling for NR NTN coverage enhancement
Moderator (NTT DOCOMO, INC.)

Agreement
Final LS is endorsed in R1-2304094 with the following revision to the action:
ACTION: RAN1 respectfully asks RAN4 to take the above RAN1 observations and agreement working assumption into account.

R1-2303951
Summary #2 on 9.9.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.

· Option B: Higher layer signaling in Msg3 PUSCH

Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.
Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.

· Alt 2: gNB-centric TDW determination

· Nominal TDW is determined based on gNB configuration.

· Actual TDW is determined based on gNB configuration/indication.

· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.

· FFS: details, including UE capability and assistance information reporting
Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH

· Alt 1-1: One or two bits of the existing field(s)

· Alt 1-1a: MCS field

· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)

· Alt 1-1c: HARQ process number filed

· Alt 1-1d: DAI field

· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.

R1-2303952
Summary #3 on 9.9.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

R1-2303953
Summary #4 on 9.9.1 Coverage enhancement for NR NTN
Moderator (NTT DOCOMO, INC.)

R1-2304252              [Draft] LS on higher layer signaling in Msg3 PUSCH for PUCCH repetition for Msg4 HARQ-ACK   Moderator (NTT DOCOMO, INC.)

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.

· i.e., configuration of only ‘1’ is not supported.

9.9.2 Network verified UE location for NR NTN

[112bis-e-R18-NTN-02] Email discussion on network verified UE location for NR NTN by April 26 – Mohamed (THALES)

· Check points: April 21, April 26
R1-2302365
Discussion on network-verified UE location for NR NTN
Huawei, HiSilicon

R1-2302401
Discussion on network verified UE location in NR NTN
THALES

R1-2302434
Further discussion on aspects related to network verified UE location for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2302503
Discussions on remaining issues of UE location verification in NR NTN
vivo

R1-2302565
Discussion on network verified UE location for NR NTN
OPPO

R1-2302720
Further discussion on Network verified UE location for NR NTN
CATT

R1-2302813
On network verified UE location for NR NTN
Intel Corporation

R1-2302858
On network verified UE location for NR NTN
Sony

R1-2302894
Discussion on Network-verified UE location for NR-NTN
PANASONIC

R1-2302999
Discussion on the network verified location for NR-NTN
xiaomi

R1-2303145
Network verified UE location for NR NTN
Samsung

R1-2303205
Discussion on Network verified UE location for NR NTN
ETRI

R1-2303269
NTN NW verified UE location
Lenovo

R1-2303295
Discussion on network verified UE location for NR NTN
ZTE

R1-2303352
Network verified UE location for NR NTN
MediaTek Inc.

R1-2303433
On Network verified UE location in NR NTN
Ericsson Limited

R1-2303500
On Network Verified UE Location
Apple

R1-2303607
Network verified UE location for NR NTN
Qualcomm Incorporated

R1-2303659
Discussion on Network Verified UE Location for NR NTN
TCL Communication Ltd.

R1-2303726
Discussion on Network verified UE location for NR NTN
NTT DOCOMO, INC.

R1-2303749
Discussion on network verified UE location for NR NTN
LG Electronics

R1-2303772
Network verified UE location for Rel-18 NR NTN
Sharp

R1-2302402
FL Summary #1: Network verified UE location for NR NTN
THALES

R1-2302403
FL Summary #2: Network verified UE location for NR NTN
THALES

Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted

· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS

· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4

      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference

R1-2302404
FL Summary #3: Network verified UE location for NR NTN
THALES
R1-2302405
FL Summary #4: Network verified UE location for NR NTN
THALES

9.9.3 Disabling of HARQ feedback for IoT NTN
[112bis-e-R18-NTN-03] Email discussion on disabling of HARQ feedback for IoT NTN by April 26 – Zhi (Lenovo)

· Check points: April 21, April 26
R1-2302366
Discussion on disabling of HARQ feedback for IoT NTN
Huawei, HiSilicon

R1-2302566
Discussion on disabling of HARQ feedback for IoT NTN
OPPO

R1-2302617
Discussion on disabling of HARQ feedback for IoT NTN
Spreadtrum Communications

R1-2302721
Discussion on remaining issues of disabling of HARQ feedback for IoT NTN
CATT

R1-2302837
Disabling of HARQ feedback for NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2302859
Discussion on disabling of HARQ feedback for IoT-NTN
Sony

R1-2303000
Discussion on the HARQ operation for IoT NTN
xiaomi

R1-2303020
On disabling HARQ feedback for IoT NTN
Ericsson

R1-2303146
Disabling of HARQ feedback for IoT NTN
Samsung

R1-2303175
Disabling of HARQ feedback for IoT NTN
Nordic Semiconductor ASA

R1-2303251
Discussion on disabling of HARQ feedback for IoT NTN
CMCC

R1-2303296
Discussion on disabling of HARQ feedback for IoT-NTN
ZTE

R1-2303357
Disabling of HARQ for IoT NTN
MediaTek Inc.

R1-2303419
On disabling HARQ feedback for IoT-NTN
Mavenir

R1-2303501
On HARQ Feedback Disabling for IoT NTN
Apple

R1-2303542
Disabling of HARQ feedback for IoT NTN
InterDigital, Inc.

R1-2303608
Disabling HARQ Feedback for IoT-NTN
Qualcomm Incorporated

R1-2303627
Disabling of HARQ feedback for IoT NTN
Lenovo

R1-2303642
Views on Disabling of HARQ feedback for IoT NTN
Sharp

R1-2303685
Disabling of HARQ feedback for IoT NTN
NEC

R1-2303998
FLS#1 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)

Agreement
For Option 3 DCI indication:
· Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured

· DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration

· For single TB scheduled by DCI, the DCI based overridden indication is applied to one of the following options (to be down-selected):

· Option A-1: only applied to semi-statically HARQ disabled processes

· Option A-4: applied to both semi-statically HARQ disabled and enabled processes

· FFS for multiple TBs scheduled by single DCI

· Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured)
· DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission

· For single TB scheduled by DCI, DCI-based direct indication is applied to the scheduled TB
· FFS for multiple TBs scheduled by single DCI

R1-2303999
FLS#2 on disabling of HARQ feedback for IoT NTN
Moderator (Lenovo)

Agreement
For single TB scheduled by DCI, For DCI-based direct indication, down select one of the following based on the criteria DCI overhead, PDCCH monitoring behavior, impact on scheduling flexibility, UE implementation complexity, etc

· Option 1: Indication by adding one field in DCI (e.g., 1-bit) 

· Note: Other fields in DCI are the same as legacy.

· Option 2: Indication by reusing/reinterpreting existing field in DCI

· Option 2A: HARQ-ACK related field 

· For eMTC CE mode B, one state of “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.

· FFS: detailed state

· For NBIoT, one state of “HARQ-ACK resource” field in DCI format N1 is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.

· FFS: detailed state

· Option 2B: MCS or repetition number field

· Reduce 1bit of legacy MCS or repetition number field and add 1bit new field in DCI format 6-1B and N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced MCS or repetition number field

· Option 2C: HARQ-ACK related field v2

· For eMTC CE mode B, reduce 1bit of legacy “HARQ-ACK resource offset” field and add 1bit new field in DCI format 6-1B to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource offset” field

· For NBIoT, reduce 1bit of legacy “HARQ-ACK resource” field and add 1bit new field in DCI format N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource” field

· Option 2D: Other indication by reusing/reinterpreting existing field
9.9.4 Improved GNSS operations for IoT NTN
[112bis-e-R18-NTN-04] Email discussion on improved GNSS operations for IoT NTN by April 26 – Wen (MediaTek)

· Check points: April 21, April 26
R1-2302367
Discussion on improved GNSS operations for IoT NTN
Huawei, HiSilicon

R1-2302567
Discussion on improved GNSS operations for IoT NTN
OPPO

R1-2302618
Discussion on improved GNSS operations for IoT NTN
Spreadtrum Communications

R1-2302722
Discussion on remaining issues of improved GNSS operations for IoT NTN
CATT

R1-2302749
On Improved GNSS Operations for IoT NTN
NEC

R1-2302838
Enhancements for long connections in NB-IoT/eMTC over NTN
Nokia, Nokia Shanghai Bell

R1-2303001
Discussion on the improved GNSS operation for IoT NTN
xiaomi

R1-2303147
Improved GNSS operations for IoT NTN
Samsung

R1-2303176
Improved GNSS operations for IoT NTN
Nordic Semiconductor ASA

R1-2303252
Discussion on improved GNSS operations for IoT NTN
CMCC

R1-2303297
Discussion on improved GNSS operation for IoT-NTN
ZTE

R1-2303358
Improved GNSS operations for IoT NTN
MediaTek Inc.

R1-2303432
On improved GNSS operation in IoT NTN
Ericsson Limited

R1-2303502
On improved GNSS operations for IoT NTN
Apple

R1-2303543
Improved GNSS operations for IoT NTN
InterDigital, Inc.

R1-2303609
Improved GNSS Operations for IoT-NTN
Qualcomm Incorporated

R1-2303628
Improved GNSS operations for IoT NTN
Lenovo

R1-2303911
Feature lead summary#1 of AI 9.9.4 on improved GNSS operations
Moderator (MediaTek)

Agreement
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.

· The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.
Conclusion
From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
· Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted
· Note: details are up to RAN2
Send an LS to RAN2 for the conclusion.
Agreement
Draft LS in R1-2304125 is endorsed. Final LS in R1-2304126.
Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value, considering HARQ feedback for the MAC CE, etc
R1-2303912
Feature lead summary#2 of AI 9.9.4 on improved GNSS operations
Moderator (MediaTek)
Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a N-bit field at least including [1,2] seconds as component values.
· FFS: value of N, other component value(s) of GNSS position fix time duration (e.g. N=3, with value in [3,7,13,19,25, X] seconds, and X is FFS).
FFS: whether RAN4 input is needed.
