1.1 Solutions for NR to support non-terrestrial networks (NTN) 

Please refer to RP-211557 for detailed scope of the WI.

Incoming LS(s) related to this work/study item under agenda item 5: R1-2108699, R1-2108705.

[106bis-e-R17-RRC-NR-NTN] Email discussion on Rel-17 RRC parameters for NR to support NTN – Mohamed (Thales)
· 1st check point: October 14
· Final check point: October 19
1.1.1 Timing relationship enhancements
[106bis-e-NR-NTN-01] Email discussion/approval on timing relationship enhancements with checkpoints for agreements on October 14 and 19 – Xingqin (Ericsson)
R1-2108747
Discussion on timing relationship enhancements for NTN
Huawei, HiSilicon

R1-2108909
Discussion on timing relationship enhancements for NTN
Spreadtrum Communications

R1-2108971
Discussion on timing relationship enhancements for NR-NTN
vivo

R1-2109025
Timing relationship enhancements for NTN
Zhejiang Lab

R1-2109076
Discusson on timing relationship enhancement
OPPO

R1-2109164
Further discussion on timing relation aspects for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2109168
Timing relationship enhancements for NR-NTN
MediaTek Inc.

R1-2109220
Further discussion on timing relationship enhancements for NTN
CATT

R1-2109279
Discussion on timing relationship enhancements for NTN
CMCC

R1-2109323
Discussion on NTN timing relationship
Lenovo, Motorola Mobility

R1-2109343
Timing relationship enhancements to support NTN
CAICT

R1-2109357
Discussion on timing relationship enhancements for NTN
NEC

R1-2109409
Discussion on the timing relationship enhancement for NTN
Xiaomi

R1-2109486
Timing relationship enhancements for NTN
Samsung

R1-2109609
On timing relationship enhancements for NTN
Intel Corporation

R1-2109675
Discussion on timing relationship enhancements for NTN
NTT DOCOMO, INC.

R1-2109763
Discussion on timing relationship enhancement for NTN
Baicells

R1-2109786
Calculation and application of timing relationship offsets
Sony

R1-2109825
Timing relationship enhancements in NTN
FGI, Asia Pacific Telecom, III

R1-2109843
Discussion on timing relationship for NR-NTN
ZTE

R1-2109865
Timing relationship for NTN
Panasonic Corporation

R1-2109878
Timing relationship enhancement for NTN
InterDigital, Inc.

R1-2109927
On timing relationship enhancements for NTN
Ericsson

R1-2109932
Timing relationship enhancements for NTN
ITL

R1-2110031
Discussion on Timing Relationship Enhancements for NR NTN
Apple

R1-2110084
Discussions on timing relationship enhancements in NTN
LG Electronics

R1-2110183
Enhancements for Timing Relationship for NTN
Qualcomm Incorporated

R1-2110290
Discussion on Timing Relationship Enhancements for NTN
Fraunhofer IIS - Fraunhofer HHI
R1-2110387
Feature lead summary#1 on timing relationship enhancements
Moderator (Ericsson)
R1-2110487
Feature lead summary#2 on timing relationship enhancements
Moderator (Ericsson)
R1-2110505
Feature lead summary#3 on timing relationship enhancements
Moderator (Ericsson)
R1-2110541
Feature lead summary#4 on timing relationship enhancements
Moderator (Ericsson)
R1-2110577
Feature lead summary#5 on timing relationship enhancements
Moderator (Ericsson)
R1-2110641
Feature lead summary#6 on timing relationship enhancements
Moderator (Ericsson)
Agreement:
Signalling one value for cell-specific K_offset is supported.

Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2

Agreement:
The granularity of the reported TA is slot.

· FFS how to round TA value to slot level granularity

Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.

· FFS: FR2

Agreement:
For defining value range(s) of K_offset, down-select one option from below:

	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	[0] – [542] ms
	Same as the unit of K_offset

	Option 2: Different value ranges of K_offset for different scenarios.
	LEO: [0] – [49] ms

MEO: [93] – [395] ms

GEO: [477] – [542] ms

FFS: ATG and HAPS

FFS: How to determine the scenarios
	Same as the unit of K_offset

	Note: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.


Agreement:
For defining value range(s) of K_mac, down-select one option from below:

	Option
	Value range
	Step size

	Option 1: One value range of K_mac covering all scenarios.
	[1] – [271] ms
	Same as the unit of K_mac

	Option 2: Different value ranges of K_mac for different scenarios.
	LEO: [1] – [25] ms

MEO: [1] – [198] ms

GEO: [1] – [271] ms

FFS: ATG and HAPS

FFS: How to determine the scenarios
	Same as the unit of K_mac

	Note 1: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.

Note 2: Note that it was agreed already that when UE is not provided by network with a K_mac value, UE assumes K_mac = 0.


Agreement:
RAN1 to conclude the following as a basis to reply to RAN2:
· RAN1 definition of UE’s TA is given by the following agreement:
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
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Where:
· [image: image3.png]


  is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
· [image: image5.png]N 1A UE—specific



  is UE self-estimated TA to pre-compensate for the service link delay.
· [image: image7.png]


 is network-controlled common TA, and may include any timing offset considered necessary by the network.
· [image: image9.png]


 with value of 0 is supported. 

· FFS:  details of signaling including granularity.   
· [image: image11.png]


 is a fixed offset used to calculate the timing advance. 
· In addition, RAN1 has agreed the following for UE TA reporting:
Agreement:
The granularity of the reported TA is slot.

· FFS how to round TA value to slot level granularity

· It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

R1-211xxxx LS to RAN2
1.1.2 Enhancements on UL time and frequency synchronization
[106bis-e-NR-NTN-02] Email discussion/approval on UL time and frequency synchronization with checkpoints for agreements on October 14 and 19 – Mohamed (Thales)
R1-2108720
Considerations on UL timing and frequency synchronization in NTN
THALES
R1-2108748
Discussion on UL time and frequency synchronization enhancement for NTN
Huawei, HiSilicon

R1-2108910
Discussion on enhancements on UL time and frequency synchronization for NTN
Spreadtrum Communications

R1-2108972
Discussion on UL time and frequency synchronization enhancements for NR-NTN
vivo

R1-2109077
Discussion on UL time and frequency synchronization
OPPO

R1-2109165
Further discussion on synchronization aspects for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2109169
Enhancements on UL Time and Frequency Synchronisation for NR-NTN
MediaTek Inc.

R1-2109221
Further discussion on UL time and frequency synchronization  enhancement for NTN
CATT

R1-2109280
Enhancements on UL time and frequency synchronization for NTN
CMCC

R1-2109324
Discussion on NTN uplink time synchronization
Lenovo, Motorola Mobility

R1-2109358
Discussion on UL time synchronization for NR NTN
NEC

R1-2109410
Discussion on UL time and frequency synchronization for NTN
Xiaomi

R1-2109487
Enhancements on UL time and frequency synchronization for NTN
Samsung

R1-2109610
On UL synchronization for NTN
Intel Corporation

R1-2109676
Discussion on UL time and frequency synchronization enhancements for NTN
NTT DOCOMO, INC.

R1-2109764
Discussion on UL time and frequency synchronization enhancement for NTN
Baicells

R1-2109787
Considerations on UL time synchronisation
Sony

R1-2109826
UL time and frequency synchronization in NTN
FGI, Asia Pacific Telecom, III, ITRI

R1-2109844
Discussion on UL synchronization for NR-NTN
ZTE

R1-2109858
Enhancements on UL time and frequency synchronization
PANASONIC R&D Center Germany

R1-2109879
UL time/frequency synchronization for NTN
InterDigital, Inc.

R1-2109928
On UL time and frequency synchronization enhancements for NTN
Ericsson

R1-2110032
Discussion on Uplink Time and Frequency Synchronization for NR NTN
Apple

R1-2110085
Discussions on UL time and frequency synchronization enhancements in NTN
LG Electronics

R1-2110184
UL time and frequency synchronization for NTN
Qualcomm Incorporated

R1-2110292
Discussion on UL Time Synchronization for NTN
Fraunhofer IIS - Fraunhofer HHI

R1-2108721
FL Summary #1 on enhancements on UL time and frequency synchronization for NR NTN


Moderator (Thales)

R1-2108722
FL Summary #2 on enhancements on UL time and frequency synchronization for NR NTN


Moderator (Thales)

R1-2108779
FL Summary #3 on enhancements on UL time and frequency synchronization for NR NTN


Moderator (Thales)

R1-2108780
FL Summary #4 on enhancements on UL time and frequency synchronization for NR NTN


Moderator (Thales)

R1-2108781
FL Summary #5 on enhancements on UL time and frequency synchronization for NR NTN


Moderator (Thales)

R1-2110602
FL Summary #6 on enhancements on UL time and frequency synchronization for NR NTN


Moderator (Thales)

Agreement:
Confirm the working assumption:

Common TA may include parameter(s) indicating timing drift.

· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

 
Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.

· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network

· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.

· FFS: details on how to acquire new or additional assistance information

Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 

Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:

· Common TA , Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters
Agreement:
· The granularity of Common TA is set to be [image: image13.png]64 /2" - T.




·  μ is the highest allowed numerology supported for data, for the given Frequency Range
Conclusion:

Do not define a TA margin.

Working assumption:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position

· The field size for velocity [m/s] is [54 bits]

· Velocity range is driven by LEO@600 km: +/- 8000 m/s

· The quantization step is [0.06 m/s] for Velocity

· Orbital parameter ephemeris format [18 byte payload]

· Semi-major axis α [m] is [33 bits]

· Range: [6500, 43000]km
· Eccentricity e is [19 bits]

· Range: ≤ 0.015

· Argument of periapsis ω [rad] is [24 bits] 

· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]

· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]

· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]

· Range: [0, 2π]
· FFS: Additional enhancement to optimize the signalling overhead.
· FFS: Ephemeris format bit allocations for HAPS
R1-211xxxx LS to RAN4
R1-2110603
Draft LS on Combination of open and closed loop TA control in NTN
Moderator (Thales)
1.1.3 Enhancements on HARQ
[106bis-e-NR-NTN-03] Email discussion/approval on HARQ enhancements with checkpoints for agreements on October 14 and 19 – Nan (ZTE)
R1-2108749
Discussion on HARQ enhancement for NTN
Huawei, HiSilicon

R1-2108911
Discussion on enhancements on HARQ for NTN
Spreadtrum Communications

R1-2108973
Discussion on HARQ enhancements for NR-NTN
vivo

R1-2109078
Discussion on HARQ enhancements
OPPO

R1-2109166
Further discussion of aspects related to HARQ for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2109170
Enhancements on HARQ for NR NTN
MediaTek Inc.

R1-2109222
Further discussion on HARQ operation enhancement for NTN
CATT

R1-2109281
Enhancements on HARQ for NTN
CMCC

R1-2109344
Enhancements on HARQ to support NTN
CAICT

R1-2109359
Discussion on HARQ enhancements for NR NTN
NEC

R1-2109411
Discussion on the HARQ enhancement for NTN
Xiaomi

R1-2109488
Enhancements on HARQ for NTN
Samsung

R1-2109677
Discussion on HARQ enhancements for NR NTN
NTT DOCOMO, INC.

R1-2109765
Discussion on HARQ enhancement for NTN
Baicells

R1-2109788
Enhancements on HARQ for NTN
Sony

R1-2109812
Discussion on HARQ Enhancements for NTN
ETRI

R1-2109827
Enhancements on HARQ in NTN
FGI, Asia Pacific Telecom, III

R1-2109845
Discussion on HARQ for NR-NTN
ZTE

R1-2109868
HARQ enhancement for NTN 
Panasonic Corporation

R1-2109880
HARQ enhancement for NTN
InterDigital, Inc.

R1-2109929
On HARQ enhancements for NTN
Ericsson

R1-2109933
Discussion on HARQ enhancements for NTN
ITL

R1-2110033
Discussion on HARQ Enhancements for NR NTN
Apple

R1-2110086
Discussions on HARQ enhancements in NTN
LG Electronics

R1-2110185
Enhancements for HARQ for NTN
Qualcomm Incorporated
R1-2110471
Summary#1 of AI 8.4.3 for HARQ in NTN
Moderator (ZTE)
R1-2110532
Summary#2 of AI 8.4.3 for HARQ in NTN
Moderator (ZTE)
R1-2110546
Summary#3 of AI 8.4.3 for HARQ in NTN
Moderator (ZTE)
Agreement:
For DCI indicating SPS PDSCH release, HARQ-ACK report is as in Rel-16.

Conclusion:

For DCI 0-0/1-0, no enhancement to support indication of more than 16 HARQ processes is considered in Rel-17.
1.1.4 Others

Including the list of topics to specify if beneficial and needed.

/This one is to use NWM – please use RAN1-106bis-e-NWM-NR-NTN-04 as the document name
[106bis-e-NR-NTN-04] Email discussion/approval on other enhancements including list of topics to specify if beneficial and needed with checkpoints for agreements on October 14 and 19 – Hao (OPPO)
R1-2108912
Discussion on beam management and other aspects for NTN
Spreadtrum Communications

R1-2108974
Discussion on other aspects for NR-NTN
vivo

R1-2109079
Discussion on beam management
OPPO

R1-2109167
Further discussion on remaining aspects for NR over NTN
Nokia, Nokia Shanghai Bell

R1-2109223
Beam management and other aspects for NTN
CATT

R1-2109282
Other Aspects for NTN
CMCC

R1-2109325
Discussion on other aspects for NTN
Lenovo, Motorola Mobility

R1-2109360
Remaining issues for NR NTN
NEC

R1-2109412
Discussion on other design aspects for NTN
Xiaomi

R1-2109489
Remaining issues for NTN
Samsung

R1-2109678
Discussion on other aspects for NR NTN
NTT DOCOMO, INC.

R1-2109749
Discussion on other design aspects for NTN
Huawei, HiSilicon

R1-2109766
Discussion on beam management and other consideration for NTN
Baicells

R1-2109789
Discussion on beam management and polarization for NTN
Sony

R1-2109828
Other aspects of NR-NTN
FGI, Asia Pacific Telecom, III, ITRI

R1-2109846
Discussion on additional enhancement for NR-NTN
ZTE

R1-2109877
Network Verified UE Location in Non-Terrestrial Networks
Fraunhofer IIS, Fraunhofer HHI, Thales

Withdrawn

R1-2109881
On beam management for NTN
InterDigital, Inc.

R1-2109892
Considerations on NTN with Transparent Payload
III

R1-2109930
On other enhancements for NTN
Ericsson

R1-2110034
Discussion on Other Aspects of NR NTN
Apple

R1-2110087
Discussions on other aspects of NTN
LG Electronics

R1-2110186
BWP operation and other issues for NTN
Qualcomm Incorporated

R1-2110259
Beam management and polarization signaling for NTN
Panasonic

R1-2110489
Summary of the discussions on other enhancements
Moderator (OPPO)
R1-2110570
Summary#2 of the discussions on other enhancements
Moderator (OPPO)

Agreement:
Support polarization signalling for target serving cell in handover command message.
Agreement:
Support polarization signalling for non-serving cell in RRM measurement configuration.
