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1.1.1 Study on solutions for NR to support Non Terrestrial Network (NTN)
FS_NR_NTN_solutions; SID in RP-190710. Please refer to the SID for detailed scoping
R1-1912722
TP for Section 6.2 in TR 38.821 on NTN PHY control procedures
Ericsson

R1-1913121
Text proposals for Section 6.1 of TR38.821
THALES

R1-1913490
Draft LS to RAN3 for TPs endorsed in RAN1
Thales
LS approved in R1-1913506
R1-1913436
Inputs to TR 38.821 recommendations
Thales

Agreement:
The text proposals in R1-1913436 are endorsed for inclusion in TR 38.821

Note: There is an error in the document number at the top of R1-1913436. This doesn’t impact the adopted text proposal.
1.1.1.1 Link-Level and System-Level Evaluations

Including evaluation methodology, deployment scenarios, etc.
R1-1913243
FL Summary#0 on Link-Level and System-Level Evaluations for NTN
Thales

R1-1911858
Discussion on performance evaluation for NTN
Huawei, HiSilicon

R1-1912122
System level performance for NR-NTN phase 1 calibration
MediaTek Inc.

R1-1913222
Preliminary Evaluation of OFDM-based Waveforms for NR to Support NTN
ICS

Late submission, revision of R1-1912131
R1-1913240
System level calibration results for NTN
CATT

Revision of R1-1912163
R1-1912291
Data transmission performance in NTN
Fraunhofer IIS, Fraunhofer HHI

R1-1913223
System level simulation calibration and link budget analysis for NTN
Sony

Revision of R1-1912346
R1-1912468
Link-Level and System-Level Evaluations
Samsung

R1-1912610
System simulation results and link budget for NTN
ZTE

R1-1912723
On NTN link level and system level evaluations
Ericsson

R1-1912901
System level evaluation and link budget for NTN
Panasonic Corporation

R1-1912954
Evaluations of 2-rooted PRACH Preamble
Qualcomm Incorporated

R1-1913015
Performance Evaluation in NTN
Nokia, Nokia Shanghai Bell

Revised in R1-1913271

R1-1913110
Calibration results and link budget analysis
THALES

R1-1913224
NTN system level and link budget calibration: DL and UL results
ESA

Revision of R1-1913128
R1-1913244
Calibration Results and first System-Level Simulations for NTN
Nomor Research GmbH

Revision of R1-1913133
R1-1913370
Text proposal for Section 6.1 of TR38.821
Thales

R1-1913455
Text proposal for Section 6.1 of TR38.821
Thales
Agreement:
The text proposals in R1-1913455 are endorsed for inclusion in TR 38.821

R1-1913426
TP for section 6.1 on multiple satellites simulations
ZTE, Huawei, HiSilicon, Nokia, Nokia Shanghai Bell
Agreement:
The text proposals in R1-1913426 are endorsed for inclusion in TR 38.821
1.1.1.2 Physical layer control procedures
R1-1911859
Discussion on physical layer control procedures for NTN
Huawei, HiSilicon

R1-1912123
Physical layer control procedure in NR-NTN
MediaTek Inc.

R1-1912164
Physical layer control procedure enhancement
CATT

R1-1912211
On physical layer control procedures for NTN
Intel Corporation

R1-1912246
Discussion on physical layer control procedures for NTN
Asia Pacific Telecom co. Ltd

R1-1912347
Discussion on physical layer control procedures
Sony

R1-1912469
Physical layer control procedures in NTN
Samsung

R1-1912535
Discussion on UL transmission timing for NTN
CMCC

R1-1912611
Discussion on the physical control procedure for NTN
ZTE

R1-1912724
On physical layer control procedures for NTN
Ericsson

R1-1912902
Discussion on beam management and polarization for NTN
Panasonic Corporation

R1-1912955
Physical Layer Procedures for NTN
Qualcomm Incorporated

R1-1913016
Considerations on Physical Layer Control Procedure in NTN
Nokia, Nokia Shanghai Bell

R1-1913131
Considerations on satellite beam management, control loops and feeder link switch over
THALES

R1-1913302
Feature lead summary #1 on NTN physical layer control procedures
Ericsson
R1-1913401
Feature lead summary #2 on NTN physical layer control procedures
Ericsson

R1-1913402
TP for Section 6.2 in TR 38.821 on NTN PHY control procedures
Ericsson

Agreement:
The text proposals in R1-1913402 are endorsed for inclusion in TR 38.821

Agreement:
Include the following in the TR:

The existing NR Release-15 power control scheme can be used for NTN. Optimizations were discussed without any convergence on particular solutions.
Agreement:
Capture the following in the TR:

The performance loss due to increased CSI feedback delay depends on both the channel conditions as well as the UE speed:

· In LOS conditions, results from two sources show that the performance loss due to CSI aging is low to marginal at a UE speed of 3 km/hr.

· In NLOS conditions, results from two sources show that the performance loss due to CSI aging is significant at a UE speed of 3 km/hr.

· In both LOS and NLOS conditions, results from one source show that there is no observable performance loss due to CSI aging at a UE speed of 30 km/hr.

Agreement:
Include the following in the TR:

Based on results from two sources, channel averaging to capture long-term fading does not improve throughput compared to the case with no channel averaging at a UE speed of 3 km/hr with ideal channel estimation.
Agreement:
Include the following in the TR:

Based on results from two sources under NLOS conditions, CSI prediction improves throughput compared to the case with no CSI prediction.

· CSI prediction can be achieved via implementation and there is no consensus on specification changes with respect to CSI prediction enhancements for NTN.

Agreement:
Include the following in the TR:

The CSI framework specified in NR Rel-15 can be used for NTN link adaptation at least for LOS scenarios. Further optimizations were discussed without any convergence on particular solutions.
Agreement:
Include the following in the TR:

The rel-15/16 beam management and BWP operation are considered as baseline for NTN. Beam management and BWP operation for NTN with frequency reuse should be discussed further when specifications are developed.  
Agreement:
Include the following in the TR:

Signaling of polarization mode is beneficial for NTN in certain scenarios. Whether to support the signaling can be discussed further when specifications are developed.

Agreement:
Include the following in the TR:

Impacts of feeder link switch on physical layer procedures can be further discussed when specifications are developed.
1.1.1.3 Uplink timing advance/RACH procedure
Including PRACH sequence/format/message
R1-1911860
Discussion on Doppler compensation, timing advance and RACH for NTN
Huawei, HiSilicon

R1-1912124
PRACH design for NR-NTN scenario
MediaTek Inc.

R1-1912165
PRACH design and UL timing management
CATT

R1-1912212
On PRACH sequence for NTN
Intel Corporation

R1-1912247
Discussion on UL timing and RACH for NTN
Asia Pacific Telecom co. Ltd

R1-1912285
Discussion on UL Timing Advance and RACH
Mitsubishi Electric RCE

R1-1912348
Discussions on TA compensation and adjustment in NTN
Sony

R1-1912470
Uplink timing advance/RACH procedure and Initial Access for NTN
Samsung

R1-1912536
Considerations on Timing Advance and RACH for Non-Terrestrial Networks
CMCC

R1-1912612
Discussion on the TA and PRACH for NTN
ZTE

R1-1912640
Discussion on timing advance for NTN
ETRI

R1-1912725
On NTN synchronization, random access, and timing advance
Ericsson

R1-1912903
Timing advance and PRACH design for NTN
Panasonic Corporation

R1-1912956
RACH Procedure and UL Timing Control for NTN
Qualcomm Incorporated

R1-1913017
Doppler Compensation, Uplink Timing Advance and Random Access in NTN
Nokia, Nokia Shanghai Bell

R1-1913312
Summary of 7.2.5.3 on UL timing and PRACH for NTN
ZTE

R1-1913427
TP for section 6.3 on UL timing and PRACH
ZTE

Agreement:
The text proposals in R1-1913427 are endorsed for inclusion in TR 38.821

Agreement:
In addition to the options for PRACH format and/or preamble sequence enhancement agreed to be included in the TR, following option should also be included:

· Option-4: A single Zadoff-Chu sequence with combination of scrambling sequence

Agreement:
Include the following in the TR:

Indication of frequency drift rate is not necessary for NTN.
1.1.1.4 More delay-tolerant re-transmission mechanisms

Include capability to deactivate the HARQ mechanisms
R1-1913225
Summary of 7.2.5.4 on more delay-tolerant re-transmission mechanisms in NR-NTN
MediaTek

R1-1911861
Discussion on HARQ for NTN
Huawei, HiSilicon

R1-1912125
Delay-tolerant re-transmission mechanisms
MediaTek Inc.

R1-1912166
Further consideration on HARQ operation
CATT

R1-1912213
Discussion on HARQ for NTN
Intel Corporation

R1-1912245
Discussion on delay-tolerant re-transmission mechanisms for NTN
Asia Pacific Telecom co. Ltd

R1-1912349
Discussion on delay-tolerant HARQ for NTN
Sony

R1-1912471
HARQ procedure in NTN
Samsung

R1-1912537
Considerations on HARQ for Non-Terrestrial Networks
CMCC

R1-1913238
Discussion on the delay-tolerant HARQ operation for NTN
ZTE

Revision of R1-1912613
R1-1912641
Discussion on more delay-tolerant re-transmission mechanisms for NTN
ETRI

R1-1912665
Delay-tolerant HARQ operation for NTN
OPPO

R1-1912717
TP to 38.321 section 6.4 on more delay tolerant re-transmissions mechanisms in NTN
MediaTek Inc.

R1-1912726
On more delay tolerant retransmission mechanisms for NTN
Ericsson

R1-1912904
Discussion on HARQ for NTN
Panasonic Corporation

R1-1912957
Delay-tolerant Retransmission Mechanisms for NTN
Qualcomm Incorporated

R1-1913019
Considerations on HARQ in NTN
Nokia, Nokia Shanghai Bell

R1-1913134
On more delay tolerant retransmission mechanisms for NTN
Nomor Research GmbH

Late submission
R1-1913327
Summary of 7.2.5.4 on more delay-tolerant re-transmission mechanisms in NR-NTN
MediaTek Inc.

R1-1913369
Summary of 7.2.5.4 on more delay-tolerant re-transmission mechanisms in NR-NTN
MediaTek

R1-1913260
TP to 38.321 section 6.4 on more delay tolerant re-transmissions mechanisms in NTN
MediaTek

Agreement:
The text proposals in R1-1913260 are endorsed for inclusion in TR 38.821

Agreement:
Include the following TP in Section 6.4 of 38.821:

The following were discussed without convergence on the necessity of introducing such solutions for NTN when HARQ feedback is disabled

· Indicate HARQ disabling via DCI in new/re-interpreted field [R1-1912349, R1-1913019]

· New UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes [R1-1912957, R1-1912641]

Agreement:
Include the following TP in Section 6.4 of 38.821:

The following possible enhancements for slot-aggregation or blind repetitions were considered. There is no convergence on the necessity of introducing such enhancements for NTN. 

· Greater than 8 slot-aggregation [R1-1912125]

· Time-interleaved slot aggregation [R1-1912166]

· New MCS table [R1-1912471]

Agreement:
Include the following TP in Section 6.4 of 38.821:

The observations from the evaluations performed on the effect of the number of HARQ processes on performance are summarized as follows:

· Three sources provided link-level simulations of throughput versus SNR with the following observations:

· One source simulated with a TDL-D suburban channel with elevation angle of 30 degrees with BLER target of 1% for RLC ARQ with 16 HARQ processes, and BLER targets 1% and 10% with 32/64/128/256 HARQ processes. There was no observable gain in throughput with increased number of HARQ processes compared to RLC layer re-transmission with RTT in {32, 64, 128, 256} ms. 

· One source simulated with a TDL-D suburban channel with elevation angle of 30 degrees with BLER targets of 0.1% for RLC ARQ with 16 HARQ processes, and BLER targets 1% and 10% with 32 HARQ processes. An average throughput gain of 10% was observed with 32 HARQ processes compared to RLC ARQ with 16 HARQ processes with RTT = 32 ms. 

· One source provides the simulation results in following cases with RTT = 32 ms, e.g.,  assuming BLER targets at 1% for RLC ARQ with 16 HARQ processes, BLER targets 1% and 10% with 32 HARQ processes. There is no observable gain in throughput with 32 HARQ processes compared to RLC ARQ with 16 HARQ processes in case that channel is assumed as TDL-D with delay spread/ K-factor taken from system channel model in suburban scenario with elevation angle 30. Performance gain can be observed with other channels, especially, up to 12.5% spectral efficiency gain is achieved in case that channel is assumed as TDL-A in suburban with 30° elevation angle. Moreover, simulation based on the simulation with consideration on other scheduling operations: (i) additional MCS offset, (ii) MCS table based on lower efficiency (iii) slot aggregation with different BLER targets are conducted. Significant gain can be observed with enlarging the HARQ process number. 

· One source provided system level simulations for LEO=1200 km with 20% resource utilisation, 16 and 32 HARQ processes, 15 and 20 UEs per cell, proportional fair scheduling, and no frequency re-use. The spectral efficiency gain per user with 32 HARQ processes compared to 16 HARQ processes depends on the number of UEs. With 15 UEs per beam, an average spectral efficiency gain of 12% at 50% per centile is observed. With 20 UEs per cell there is no observable gain.

Agreement:
Include the following TP in Section 6.4 of 38.821 (references can be further updated later):

The following options were considered with no convergence on which option to choose: 
· Option 1: Keep 16 HARQ process IDs and rely on RLC ARQ for HARQ processes with UL HARQ feedback disabled via RRC 

· Option 2: Greater than 16 HARQ process IDs with UL HARQ feedback enabled via RRC with following consideration
· UE capability if greater than 16 HARQ process IDs 
· Keep 4-bit HARQ process ID field in DCI 

The following solutions were considered for greater than 16 HARQ processes keeping the 4-bit HARQ process ID field in DCI:

· Slot number based [R1-1912957, R1-1912213, R1-1912665, R1-1912349, R1-1912904]
· Virtual process ID based with HARQ re-transmission timing restrictions [R1-1913019]
· Reuse HARQ process ID within RTD (time window) [R1-1912904]
· Re-interpretation of existing DCI fields with assistance information from higher layers [R1-1913238]
One source also considered solutions where the HARQ process ID field is increased beyond 4 bits [R1-...]
Agreement:
Include the following TP in Section 6.4 of 38.821:

With regards to HARQ enhancements for soft buffer management and stop-and-wait time reduction, the following options were considered with no convergence on which, if any, of the options, to choose: 

· Option 1: Pre-active/pre-emptive HARQ to reduce stop-and-wait time [R1-1911861, R1-1912471]

· Option 2: Enabling / disabling of HARQ buffer usage configurable on a per UE and per HARQ process [R1-1912213, R1-1912125, R1-1912904]

· Option 3: HARQ buffer status report from the UE [R1-1912213]

Agreement:
Include the following in TR 38.821:

The number of HARQ processes with additional considerations for HARQ feedback, HARQ buffer size, RLC feedback, and RLC ARQ buffer size should be discussed further when specifications are developed.
1.1.1.5 Others

R1-1911862
Link budget analysis for NTN
Huawei, HiSilicon

R1-1912167
UE capability discussion for NTN
CATT

R1-1912538
Discussion on supporting TDD duplex scheme for NTN
CMCC

R1-1912614
TP for section 6.3 on UL timing and PRACH
ZTE

R1-1912727
On NTN PAPR reduction and measurement metrics
Ericsson

R1-1912958
On NTN Initial Search and Handover
Qualcomm Incorporated

R1-1913022
Positioning in NTN
Nokia, Nokia Shanghai Bell

R1-1913100
Inputs to TR 38.821 recommendations
THALES

R1-1913129
Downlink LLS data transmission performance evaluation
ESA
