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3GPP™ Work Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: Non-Terrestrial Networks (NTN) for NR Phase 3

Acronym: NR_NTN_Ph3
Unique identifier:


{A number to be provided by MCC at the plenary} 

NOTE:
For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.


For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.


If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.


Please tick (X) the applicable box(es) in the table below:

Either:
	This WID includes a Core part
	X

	This WID includes a Performance part
	X



or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


Potential target Release:  Rel-19
NOTE: In case of contradiction with the target dates of clause 5, clause 5 determines the target release.
1
Impacts

{For Normative work, identify the anticipated impacts. For a Study, identify the scope of the study}
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	X
	

	No
	
	
	
	
	X

	Don't know
	X
	
	
	
	


2
Classification of the Work Item and linked work items

2.1
Primary classification
This description is either a … 
	
	Study Item


or a
	Normative Work Item:

tick applicable boxes below

	
	Stage 1

	
	Stage 2

	X
	Stage 3

	
	Other (e.g. testing)


2.2
Parent Work Item
{"Parent" Work Item refers to the related, earlier-Stage, Work Item, e.g. the related Stage 1 Work Item shall be indicated here when a Stage 2 normative Work Item or Study Item is presented. "Parent" Work Item can also refer to the related preceding Study Item e.g. the related Study Item and the earlier-stage Work Item shall be indicated here when a normative-work Work Items is started. List here all parent Work Items of which requirements are either fully or partially covered by the proposed Item. }

{This section is mandatory to be filled out by the rapporteur. This section is to be filled with care: it indicates to the companies monitoring the parent Work Item that it will be addressed in this study/work item.} 

For a brand-new topic, use “N/A” in the table below. Otherwise indicate the parent Work Item.
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one 
WID. Therefore the table above should include the feature WI data (In case the feature covers Core and Perf. 
part, please list under Working Group the leading WG of the Core part).
2.3
Other related Work Items and dependencies
	Other related Work/Study Items (if any)

	Acronym
	Unique ID
	Title
	Nature of relationship

	FS_NR_nonterr_nw
	750040
	Study on NR to support non-terrestrial networks
	The present WID will make use of the channel model defined by the FS_NR_nonterr_nw study 

	FS_NR_NTN_solutions
	800099
	Study on solutions for NR to support non-terrestrial networks
	The present WID will leverage solutions identified in FS_NR_NTN_solutions to address some of the key issues associated to NTN

	5GSAT_ARCH
	890034
	Integration of satellite systems in the 5G architecture
	The present WID can consider the QoS management and Satellite NG-RAN global identities solutions identified in 5GSAT_ARCH.

	NR_NTN_solution
	860046
	Solutions for NR to support non-terrestrial networks
	The present WID will use this WID as basis for the evolution.

	FS_NR_NTN_netw_verif_UE_loc
	960091
	Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR
	The present WID will use this WID as basis for the evolution.

	NR_NTN_enh
	941006
	NR NTN (Non-Terrestrial Networks) enhancements
	The present WID will use this WID as basis for the evolution.

	NR_NTN_CBW_30MHz
	1000060
	30 MHz Channel Bandwidth for NR NTN (non-terrestrial networks) in FR1 (frequency range 1)
	The present WID will use this WID as basis for the evolution.

	NR_NTN_LSband
	981043
	Introduction of the satellite L-/S-band for NR
	The present WID will use this WID as basis for the evolution.


NOTE:
Also related or dependent WIs/SIs in other TSGs shall be indicated here.

3
Justification

In Release 17, a work item was carried out to define solutions enabling New Radio and NG-RAN to support Non-Terrestrial Networks (NTN). Then, Release 18 introduced enhancements for NR NTN. As part of Release 19, a new work item is proposed to define further enhancements for NG-RAN based Non-Terrestrial Networks in order to:
1) Offer optimized performance especially when addressing handset terminals w.r.t. downlink coverage considering the NTN deployment constraints such as payload power limitation, large satellite foot print and limited feeder link bandwidth. DL coverage enhancements are needed to accommodate satellite payload constraints which may be unable to have all its beams active with the « nominal » EIRP density per beam (see Section 6.1.1 in TR 38.821) at a given time due to limited power and limited feeder link bandwidth, while maximizing the number of beams that can be activated simultaneously, and ensuring that all user terminals can be served across the satellite foot print while maximizing the overall satellite throughput and ensuring that all satellite’s radio cells are kept alive even without traffic but allowing new users to join or preventing impact on end-user QoS.
DL coverage enhancements should be considered at both

· Link level to improve the link margin of selected physical channels in order to accomodate the EIRP reduction. This include possible techniques such as increased repetition scheme or equivalent techniques depending on the physical channel. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) should be considered without impact on SSB design. 
· System level to support an efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow) across the satellite foot print for example by leveraging network energy saving techniques.

· For example, a total number of beams = 1200 may be assumed for NGSO operating in FR1 band. This would correspond to the number of beams necessary to serve a satellite footprint at 30° min elevation with ~50 km diameter beam size.

2) Provide a robust notification/alert message capability for UE in adverse SNR conditions (i.e. light indoor)

The definition of a UE specific notification/alert feature is proposed to address the problem of missed paging messages to a UE in low SNR conditions (e.g. Non Line Of Sight) when it is placed in pockets, backpacks or in vehicles, boats, etc., or in conditions where there are clutter losses. The notification is to invite the user to move to a better SNR conditions in order to set-up the call.
The feature should be able to mitigate to the maximum extent the additional loss compared to the link margin required in Line of Sight conditions. In TR 38.811 Table 6.6.2-3: Shadow fading and clutter loss for suburban and rural scenarios - the NLOS due to clutter loss can be over 18 dB. Table 6.6.1-1 LOS probability showed that at 30 degrees elevation, about 10% of users in rural and 50% in urban scenarios will experience NLOS.

3) Offer optimized capacity performance on uplink through multiplexing techniques, motivated by:
· The coverage of NTN satellites is very wide, and considering device density, it is expected that a large number of UEs will be within a satellite’s coverage. Especially for LEO, a large number of UEs in coverage must succeed in transmitting desired data during a satellite coverage which means that rapid access to and release of satellite resources is required.
· The total spectrum resources available to the network will be limited especially in the early phases of NR NTN deployments.

· Some users will require higher resources than others, depending on their traffic patterns. Therefore, further granularity of resource multiplexing can significantly improve system capacity efficiency.
· Possibly to allocate higher per-UE resources to better support VoNR/VoIP services in coverage-limited scenarios.

4) [Potential justification on mobility enhancements].
5) Increase the robustness of NTN operation in conditions where GNSS accuracy and GNSS service availability may be temporarily degraded.
Increase the robustness of NTN operation in conditions where GNSS accuracy and GNSS service availability may be temporarily degraded. There is a need to increase the robustness of uplink time and frequency synchronization in NTN based access against of GNSS temporarily degraded performance to accommodate the actual GNSS service performance. This will also allow the NR-NTN to be less subject to GNSS jamming (leading to denial of service) and spoofing (leading to incorrect location reporting and potentially denial of service) which may occur on a temporary basis. Additionally, it may also increase NR-NTN robustness against natural phenomena, such as solar radiation bursts, which can affect large parts of the earth surface for 10 to 20 minutes.
6) Support non-terrestrial network architecture with 5G system functions on board the NTN vehicle (i.e. regenerative payloads).

For the support of real time connectivity between 2 UEs and between network and UE via the space segment with/without ISL, a regenerative payload (5G system functions on board satellite) is required.
[Note from Moderator: inclusion of RAN4-led objectives in this WI depends on decisions based on the RAN Chair’s proposal in RP-232745]
7) Address RedCap UE within FR1 NTN

The support of RedCap devices (e.g. handheld and IoT) operating in FR1 band NR-NTN networks can offer enhanced service capabilities (wideband/broadband) compared to IoT-NTN while ensuring low-complexity devices. Global coverage would clearly benefit RedCap devices for use cases like cameras monitoring for forest fires. RF and RRM requirements were defined for RedCap devices only for terrestrial networks in releases 17 and 18.
8) Offer optimized performance addressing handset terminals with enhanced Tx power and antenna characteristics

Increasing the UE maximum transmit power will enable to improve UL performance in terms of coverage, availability and throughput performance, to meet the market demands associated with fixed wireless, public safety and automotive usage. However the transmission enhancement for NTN high power UE, e.g. duty cycle enhancement is subject to SAR restriction. Such higher power UE are not yet specified for NTN bands.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The work item aims at specifying further enhancements for NG-RAN based NTN (Non-Terrestrial Networks) with the following assumptions:

· GSO (Geo Synchronous Orbit) and NGSO (Non Geo Synchronous Orbit). NGSO includes Low Earth Orbit (LEO) and Medium Earth Orbit (MEO).

· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO

· FDD mode

· UEs with GNSS (Global Navigation Satellite Systems) capabilities
· In frequency band above 10 GHz, both Terminal Type 1 (Electronic steering antenna) and Type 2 (Mechanical steering antenna) to be considered for GSO and NGSO
Note 1: In Rel-19 WID, “VSAT” device with external antenna on moving platform is equivalent to a device that operate on platforms in motion, and this is referred to as ESIM (Earth Station In Motion).

[Note from Moderator: yellow highlights on the opening bullet of the objectives are according to the RAN Chair’s proposal in RP-232745]
The objectives of the work item are the following:
1. Study and specify downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1 or FR2-NTN [RAN1, RAN2]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.

· Define the corresponding energy consumption model and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.

· Study and specify solutions, including link level enhancements (e.g. for PDCCH, PDSCH) and/or system level enhancements (e.g. satellite beam switching/hopping/scheduling), allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.

· Notes for this objective:

· SSB channel enhancement is not considered

· Antenna gain of UE shall be assumed to be -5.5dBi, and at least 2Rx are considered at the UE

· NGSO to be considered in priority: LEO Set-1 @ 600 km

· Non-RedCap UEs are considered in priority

· FFS whether RedCap 1 Rx UE are considered at least for the link margin improvement

· FFS whether RedCap UE half duplex constraints are considered for system level enhancements

2. Specify support for a robust notification/alert channel [RAN2, RAN1, RAN3]
· Identify the notification message requirement based on liaison with SA WG [RAN2]
· The notification message should be addressed to a particular UE or a subset of UEs in a cell
· Identify and specify possible solutions for the support of a robust notification/alert message and its delivery (including paging procedure impact) over a downlink physical channel
· Notes for this objective:

· Enhancements to existing SSB signal are not considered in this scope.

· Applicable to all orbits (GSO&NGSO)

· Mitigate to the maximum extend, the additional loss that can be up to 18 dB
· This feature may be applicable for UEs operating in terrestrial networks based on a common design
3. Uplink Capacity/Throughput Enhancement [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) including for initial access, with an attempt to minimize impact on emissions

· Determine the potential capacity improvement (at least 2 times and not more than 12 times compared to legacy) to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion)

· Specify necessary signalling, if needed 
· Update RF requirements accordingly if needed

· Note: The orthogonal cover codes are across OFDM symbols and/or within an OFDM symbol.

· Notes for this objective:

· The enhancement is not targeting improvements of MU-MIMO capability

· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design
4. [Mobility enhancements]
5. Increase the robustness of uplink time and frequency synchronization in NTN-based access against GNSS temporarily degraded performance for connected mode and for initial access. [RAN1, RAN2]
· PRACH transmission (Initial access, connected mode): Study potential enhancements for the UE pre-compensation for UL time and frequency synchronization in case GNSS availability and/or accuracy is reduced, and specify if needed.

· The UL time and frequency synchronization enhancements shall accommodate a UE GNSS « relaxed » position accuracy better than [300] meters (i.e. 3D error of 6 x 50 meters) for FR1-NTN UE and better than [90] meters (i.e. 3D error of 6 x 15 meters) for FR2-NTN UE.

· Connected mode: Study potential enhancements (e.g. enhanced close loop) for the UE pre-compensation for UL time and frequency synchronization during long connection times in case GNSS availability and/or accuracy is reduced, and specify if needed.

· A UE in pre-established RRC connected state shall be able to maintain its connectivity during up to 14.4 minutes corresponding to a temporary GNSS performance degradation.

· Notes for this objective:

· It applies to NTN systems operating in FR1-NTN or in FR2-NTN

· consider both static UE and in-motion UE at speed up to ~1000 km/h

· UE has GNSS capability

· simultaneous GNSS and NR-NTN operation is supported

· Enhancements on PRACH signal is not in scope of this topic

6. Support of regenerative payload [RAN3, RAN2]
· Specify the support of gNB on board in TS 38.300 and define, if needed, any necessary enhancements related to NG protocol to address the feeder link switchover issue.
· Evaluate and specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL.
· FFS Specify the support of DU on board with possible enhancements of at least F1

[RAN4-led objectives]

Note from Moderator: RAN Chair’s document in RP-232745 asks whether RAN4-led objectives should be discussed as part of the RAN4 package or as part of this WI. A decision is expected on Monday of RAN#102, and the draft WID will be updated accordingly e.g. with proposed objectives on high-power UE, RedCap UEs, etc. In the meantime, questions on RAN4-led proposals are included in the moderator’s summary.
4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

The Performance Part objectives of the work item are the following:
· Specify RRM performance requirements [RAN4]

· Specify UE demodulation requirements [RAN4]

· Specify SAN demodulation requirements [RAN4]
4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:
For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.

additional comments to the time budget request in the attached Excel table:

5
Expected Output and Time scale
{If this WID covers both stage 2 and stage 3, clearly indicate the different completion dates.}

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	{Possible values:

"TS" or 

"Internal TR" or 

"External TR". See Note 1}
	{e.g. 

"22.XXX" or actual number if known}
	{Title of the specification (as per TR 21.801 §6.1.1), to be aligned as much as possible with the WI/SI title} 
	{E.g. 

"TSG#87"}
	{E.g. 

"TSG#89"}
	{e.g. rapporteur: <FamilyName>, <GivenName>, <Company>, <email address>}

	
	
	
	
	
	


{Note 1: Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.}
NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.211
	NR; Physical channels and modulation
Enhancement on the PRACH sequence and/or format (in the case pre-compensation of timing and frequency offset is not done at UE side)
	RAN#108
	Core part

	38.212
	NR; Multiplexing and channel coding
NTN enhancements
	RAN#108
	Core part

	38.213
	NR; Physical layer procedures for control
Enhancements to Timing Advance, control procedures signalling
	RAN#108
	Core part

	38.214
	NR; Physical layer procedures for data
Timing relationship enhancements, Enhancements on UL time and frequency synchronization, 
	RAN#108
	Core part

	38.215
	NR; Physical layer measurements
NTN enhancements
	RAN#108
	Core part

	38.300
	NR; NR and NG-RAN Overall description; Stage-2
NTN stage 2 description 
	RAN#109
	Core part

	38.304
	NR; User Equipment (UE) procedures in idle mode and in RRC Inactive state
Enhance the idle mobility trigger conditions
	RAN#109
	Core part

	38.305
	NG Radio Access Network (NG-RAN); Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN
NTN UEs with GNSS capabilities 
	RAN#109
	Core part

	38.306
	NR; User Equipment (UE) radio access capabilities
Support of NTN UE capabilities 
	RAN#109
	Core part

	38.321
	NR; Medium Access Control (MAC) protocol specification: Enhance Random access, timing advance, DRX, Scheduling Request, HARQ 
	RAN#109
	Core part

	38.331
	NR; Radio Resource Control (RRC); Protocol specification
Enhance idle and connected mode mobility

NTN specific system information and RRC signalling 
	RAN#109
	Core part

	38.413
	NG-RAN; NG Application Protocol (NGAP)
NTN specific features
	RAN#109
	Core part

	38.423
	NG-RAN; NG-RAN; Xn Application Protocol (XnAP)
NTN specific features
	RAN#109
	Core part

	38.455
	NG-RAN; NR Positioning Protocol A (NRPPa)

NTN specific features
	RAN#109
	Core part

	38.101-5
	NR; User Equipment (UE) radio transmission and reception, part 5: Satellite Access Radio Frequency (RF) and performance requirements
NTN specific characteristics
	RAN#109
	Core part

	38.133
	NR; Requirements for support of radio resource management
NTN specific RRM characteristics
	RAN#109
	Core part

	38.108
	NR; Satellite Access Node radio transmission and reception
NTN specific characteristics
	RAN#109
	Core part

	38.101-5
	NR; User Equipment (UE) radio transmission and reception, part 5: Satellite Access Radio Frequency (RF) and performance requirements
NTN specific characteristics
	RAN#111
	Perf part

	38.133
	NR; Requirements for support of radio resource management
NTN specific RRM characteristics
	RAN#111
	Perf part

	38.181
	NR; Satellite Access Node conformance testing
NTN specific characteristics
	RAN#111
	Perf part

	38.863
	NR; Solutions for NR to support non-terrestrial networks (NTN):

Non-terrestrial networks (NTN) related RF and co-existence aspects
	RAN#111
	Core part


NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)

{Mandatory: <FamilyName>, <GivenName>, <Company>, <email address>}
{Optional: <FamilyName>, <GivenName>, <Company>, <email address>: Secondary task(s).}

NOTE:
The first listed Rapporteur has the overall responsibility for this WI (incl all secondary tasks).
7
Work item leadership

RAN2 

Secondary responsible Working Group(s): RAN1, RAN3, RAN4.
8
Aspects that involve other WGs

SA WGs are expected to provide design targets and requirements relevant to the objective on robust notification/alert. SA1 may need to provide the required message content and size to RAN. SA2 may be impacted for paging procedure.
{The “aspects” can be provided by topic (e.g. “security”, “multimedia”) and/or by specifying the WG(s) e.g.: "SA2, SA3, SA5, SA6. CT6 for storage, and potentially SA4". If not applicable, indicate "None" or "None identified yet"}
{For a Stage 2 WID requiring Stage 3 to be done by another group: on a best-effort basis, indicate which potential WG is expected to specify the Stage 3: possible values: "Not applicable", " unknown", "CT WGs", etc.}
NOTE:
For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because all RAN WG aspects have to be covered in section 4.

9
Supporting Individual Members

{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval.}

	Supporting IM name
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