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1	Introduction
[bookmark: _Ref178064866]The approved work item justifications and objectives for NR NTN Evolution in Rel-19 [1] emphasizes the interest for NR NTN to support regenerative payload:
	
4) Support non-terrestrial network architecture with 5G system functions on board the NTN vehicle (i.e. regenerative payloads).

Support of non-terrestrial network architecture with 5G system functions on board the NTN vehicle (i.e. regenerative payloads) provides new architecture option(s) besides the transparent payload as specified in Rel-17 and Rel-18, which makes the deployment of non-terrestrial network more flexible. Support of regenerative payload brings some benefits on radio resource handling in Uu, and radio resource coordination between the gNBs via the ISL. 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.




	4. Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3]
Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it



This contribution proposed an implementation of regenerative payload into the TS 38.300 for Release 19.
2	Discussion
Historically, satellites were bent-pipes broadcasting data inside the satellite footprint area of a terrestrial multimedia provider. With the advances of the spatial electronic, the satellite payload gains signal processing capabilities for signal modulation/demodulation, correction, scheduling and routing. The constellation composed of satellite with regenerative capabilities was able to provide a global connectivity for direct access services in both uplink and downlink direction. For this reason and for the flexibility it offers to the satellite network operators, the regenerative payload architecture is prevailing on the constellations. The regenerative payload as they are defined now implies obviously the capacity to regenerate service link signal but also includes the capacity to schedule and route traffic among beams, gateways and others satellites. The Inter-Satellite Links (ISLs) are necessary to ensure the service continuity between a satellite and the network gateway when the satellite is not in view of a gateway.


Benefits for the regenerative payload architecture
The purely transparent architecture where the satellite is a pipe presents a number of limits, in terms of system capacity, in terms of latency and coverage. The regenerative payload offers services for users and benefits for network operator that transparent could not. For the users:
· Support of delay sensitive and/or delay services in areas without NTN gateways in the satellite field of view
· Enable reduced user and/or control plane latency
· Support UE-to-UE communication in the constellation
· Support of the edge computing on board
For the network operation:
· Flexibility in the deployment of the ground segment by reducing the dependence to a direct feeder link connection between the space-segment and a gateway
· Improve the feeder link capacity usage efficiency
· Flexibility in the routing of the traffic generated by a group of user equipment to a specific feed link to meet specific national regulations/sovereignty requirements
· Support of multiple core networks per country operated by different operators
· Improving efficiency of radio interface resources on the service links thanks to beam scheduling and retransmissions
· Capability to provide simultaneously access and backhaul service

When the Non-Terrestrial Network architecture were first explored for 5G during Rel-15 [2], the following options are considered:
· The transparent option where the satellite relay a “satellite friendly” NR signal between the gNB and the UE
· The regenerative option where the satellite includes full or part of a gNB to generate/receive a “satellite friendly” NR signal to/from UEs.
· The transparent and regenerative options were the satellite serves as a relay node
During the NR NTN solution study phase in Rel-16 [3], both transparent and regenerative payload was considered. The NTN-based NG-RAN Architectures design objective was to minimize the need for new interfaces and protocols to support NTNs. For complexity purposes, it was agreed to consider only the transparent payload scenarios (for both LEO and GEO) for the normative phase in Release 17. The normative phase successfully introduced NTN solutions to NR at the RAN#95 in March 2022. However, the work remains incomplete until the introduction of the regenerative architecture. The introduction of the regenerative payload is an objective of the Release 19 as agreed in RAN#102 in December 2023.
gNB on-board with ISL regenerative payload architecture
As discussed in the first part, the considered regenerative satellite architecture for Rel-19 is the gNB on-board with ISL, illustrated in the figure below:


Figure 1 - Regenerative satellite with ISL, gNB processed payload from TS 38.321

The main difference between this architecture and the transparent architecture as defined in Rel-17 lies in the interfaces since the gNB is moved from the ground to the space segment. Contrary to the transparent, the NR-Uu radio interface is not repeated from the feeder link to the service link by the satellite, and the satellite is in capacity to decode and correct the user signal.
Based on the hypothesis that 5G CN is on the ground, the NG interface is transported at least through feeder link radio interface (i.e. SRI). In the case where the satellite is not connected to a NTN gateway, the connectivity between the gNB and the 5GC should be ensure by the ISLs with multi-hop. The implementation of NG routing inside the constellation is made by implementation.
Finally, the inter-gNB communication is performed through the Xn interface. For the gNBs collocated in the same satellite payload, the Xn is purely logical in the OBP. Otherwise, the Xn traffic could be either carried through ISL if it exists a direct path in the constellation between 2 satellites or through feeder link and NTN gateways.
Impact of the Uu, NG and Xn interfaces
The regenerative payload architecture simplifies the NR-Uu service link compared to the transparent one. The Reference Point (RP) for uplink and downlink timing alignment is on-board. The common TA and the kmac are then equal to 0. The Tta pre-compensate the service link RTT. Note that common TA and the kmac = 0 implicitly indicates to the UE that the gNB RP and MAC entity are located inside the NTN payload.
For the NG application protocol, the main issues comes from the longer feeder link delay (especially in GEO with one-way delay up to 135 ms) and the frequent path switch due to satellite movement in LEO. The transport protocol SCTP [5] used for the N2 interface (NG Control Plane) is delay-variation tolerant with the adapted configuration at SCTP endpoints (e.g. multi-homing, sack delays)
For the Xn application protocol, as for NG, the main issues are due to ISL and feeder link delay (and delay variation) due to satellite movement (in LEO) and frequent path switch. The SCTP is also used for Xn-C.
Impacts of regenerative payload architecture on NG and Xn interface, if any, are not in the RAN2 scope.
Wait for RAN3 inputs to update section 16.14.4 and 16.14.6 related to switchover and NG interface
Consider the text proposal for TS 38.300 below as baseline to support the gNB on-board regenerative payload architecture

3	Text Proposal for TS 38.300
***FIRST CHANGE***
[bookmark: _Toc155991737]16.14	Non-Terrestrial Networks
[bookmark: _Toc155991738]16.14.1	Overview
Figure 16.14.1-1 below illustrates an example of a Non-Terrestrial Network (NTN) providing non-terrestrial NR access to the UE by means of an NTN payload and an NTN Gateway, depicting a service link between the NTN payload and a UE, and a feeder link between the NTN Gateway and the NTN payload and an Inter-Satellite Link (ISL) between the NTN payload and the other NTN payloads..


Figure 16.14.1-1: Overall illustration of a transparentn NTN payload (left) and regenerative NTN payload (right)
NOTE 1:	Figure 16.14.1-1 illustrates an NTN; RAN4 aspects are out of scope.
The NTN payload either transparently forwards (transparent NTN payload) or regenerates and processes (regenerative NTN payload) the radio protocol received from the UE (via the service link) to the NTN Gateway (via the feeder link) and vice-versa.
NOTE 2: In this release, only gNB on-board is supported for regenerative payload
The NTN payload transparently forwards the radio protocol received from the UE (via the service link) to the NTN Gateway (via the feeder link) and vice-versa. The following connectivity is supported by the NTN payload:
-	An NTN gateway may serve multiple NTN payloads (transparent or regenerative);
-	An NTN payload (transparent or regenerative) may be served by multiple NTN gateways.
-	An NTN regenerative payload may be connected to one or multiple other NTN regenerative payloads.
NOTE 32:	In this release, the Transparent NTN -payload may change the carrier frequency, before re-transmitting it on the service link, and vice versa (respectively on the feeder link).

For NTN, the following applies in addition to Network Identities as described in clause 8.2:
-	A Tracking Area corresponds to a fixed geographical area. Any respective mapping is configured in the RAN;
-	A Mapped Cell ID as specified in clause 16.14.5.
Three types of service links are supported:
-	Earth-fixed: provisioned by beam(s) continuously covering the same geographical areas all the time (e.g., the case of GSO satellites);
-	Quasi-Earth-fixed: provisioned by beam(s) covering one geographic area for a limited period and a different geographic area during another period (e.g., the case of NGSO satellites generating steerable beams);
-	Earth-moving: provisioned by beam(s) whose coverage area slides over the Earth surface (e.g., the case of NGSO satellites generating fixed or non-steerable beams).
With NGSO satellites, the gNB can provide either quasi-Earth-fixed service link or Earth-moving service link, while gNB operating with GSO satellite can provide Earth fixed service link.
In this release, the UE supporting NTN is GNSS-capable.
In NTN, the distance refers to Euclidean distance.
[bookmark: _Toc155991739]16.14.2	Timing and Synchronization
[bookmark: _Toc155991740]16.14.2.1	Scheduling and Timing
DL and UL are frame aligned at the uplink time synchronization reference point (RP) with an offset given by NTA,offset (see clause 4.2 of TS 38.213 [38]).
To accommodate the propagation delay in NTNs, several timing relationships are enhanced by a Common Timing Advance (Common TA) and two offsets  and :
-	 is a configured timing offset that is equal to the RTT between the RP and the NTN payload.
[bookmark: _Hlk133482317]-	 is a configured scheduling offset that needs to be larger or equal to the sum of the service link RTT and the Common TA.
-	is a configured offset that is approximately equal to the RTT between the RP and the gNB.

NOTE:	For a regenerative NTN payload, the Common TA and the  are equal to 0 as illustrated in Figure 16.14.2.1-2.
The scheduling offset  is used to allow the UE sufficient processing time between a downlink reception and an uplink transmission, see TS 38.213 [38].
The offset  is used to delay the application of a downlink configuration indicated by a MAC CE command on PDSCH, see TS 38.213 [38], and in estimation of UE-gNB RTT, see TS 38.321 [6]. It may be provided by the network when downlink and uplink frame timing are not aligned at gNB. The  is also used in the random access procedure, to determine the start time of RAR window/MsgB window after a Msg1/MsgA transmission (see TS 38.213 [38]).
The Service link RTT, Feeder link RTT, RP, Common TA,  and TTA (see clause 16.14.2.2) are illustrated in Figure 16.14.2.1-1.


Figure 16.14.2.1-1: Illustration of timing relationship (for transparent NTN payload with collocated gNB and NTN Gateway)
[image: ]
Figure 16.14.2.1-2: Illustration of timing relationship (for regenerative NTN payload with gNB on-board)

The network may configure the HARQ operation as follows:
-	For downlink, HARQ feedback can be enabled or disabled per HARQ process (as specified in clause 5.3.2.2 and clause 5.7 of TS 38.321 [6]). Disabling HARQ feedback allows scheduling a HARQ process before one HARQ RTT has elapsed since last scheduled.
-	For uplink, HARQ mode (i.e. HARQ mode A or HARQ mode B) can be configured per HARQ process (as specified in clause 5.4.3.1 and clause 5.7 of TS 38.321 [6]). HARQ mode B allows scheduling a HARQ process before one HARQ RTT has elapsed since last scheduled.
[bookmark: _Hlk133326100]NOTE:	For the HARQ processes configured with HARQ feedback enabled/disabled, it is up to network implementation to ensure a proper configuration of HARQ feedback (e.g., either all enabled or all disabled) for HARQ processes used by an SPS configuration. For the HARQ processes configured with HARQ mode, it is up to network implementation to ensure a proper configuration of HARQ mode (e.g., either all HARQ mode A or all HARQ mode B) for HARQ processes used by a CG configuration.
[bookmark: _Toc155991741]16.14.2.2	Timing Advance and Frequency Pre-compensation
For the serving cell, the network broadcast valid ephemeris information and Common TA parameters. The UE shall have valid GNSS position as well as ephemeris and Common TA before connecting to an NTN cell. To achieve synchronisation, before and during connection to an NTN cell, the UE shall compute the RTT between UE and the RP based on the GNSS position, the ephemeris, and the Common TA parameters (see clause 4.2 in TS 38.213 [38]), and autonomously pre-compensate the TTA for the RTT between the UE and the RP as illustrated in Figure 16.14.2.1-1 (see clause 4.3 of TS 38.211 [52]).
The UE shall compute the frequency Doppler shift of the service link, and autonomously pre-compensate for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have a valid GNSS position and/or valid ephemeris and Common TA, it shall not transmit until both are regained.
In connected mode, the UE shall be able to continuously update the Timing Advance and frequency pre-compensation.
The UE may be configured to report Timing Advance during Random Access procedures or in connected mode. In connected mode, event-triggered reporting of the Timing Advance is supported.

Figure 16.14.2.2-1: Void
For both transparent NTN payload and regenerative NTN payload, the pre-compensation of instantaneous Doppler shift experienced on the service link is to be performed by the UE. In the case of the transparent NTN payload, While the pre-compensation of the instantaneous Doppler shift experienced on the service link is to be performed by the UE, the management of Doppler shift experienced over the feeder link and transponder frequency error is left to the network implementation.
[bookmark: _Toc155991742]16.14.3	Mobility and State transition
[bookmark: _Toc155991743]16.14.3.1	Mobility in RRC_IDLE and RRC_INACTIVE
The same principles as described in 9.2.1 apply to mobility in RRC_IDLE for NTN and the same principles as described in 9.2.2 apply to mobility in RRC_INACTIVE for NTN unless hereunder specified.
The network may broadcast multiple Tracking Area Codes (TACs) per PLMN in an NR NTN cell. A TAC change in the System Information is under network control, i.e. it may not be exactly synchronised with real-time illumination of beams on ground.
For the NTN-TN mobility, the network may broadcast cell information on NR TN and EUTRA TN coverage areas in SIB25. This is supported for Earth-Fixed, Quasi-Earth-fixed and Earth-Moving cells. The coverage information consists in a list of geographical TN areas, with associated frequency information also indicated. UE can skip TN measurement based on the broadcast TN coverage information.
The UE can determine the network type (terrestrial or non-terrestrial) implicitly by the existence of cellBarredNTN in SIB1.
The NTN ephemeris is provided in SIB19. In an NTN cell, it includes serving cell's NTN payload ephemeris and optionally neighbouring cell's NTN payload ephemeris.
[bookmark: _Toc155991744]16.14.3.2	Mobility in RRC_CONNECTED
[bookmark: _Toc155991745]16.14.3.2.1	Handover
The same principle as described in 9.2.3.2 applies unless hereunder specified:
During mobility between NTN and Terrestrial Network (TN), a UE is not required to connect to both NTN and TN at the same time.
NOTE:	NTN TN handover refers to mobility in both directions, i.e. from NTN to TN (hand-in) and from TN to NTN (hand-out).
DAPS handover is not supported for NTN in this release of the specification.
UE may support mobility between gNBs operating with NTN payloads in different orbits (e.g., GSO, NGSO at different altitudes).
RACH-less handover as specified in TS 38.321 [6] is supported in NTNs.
[bookmark: _Toc155991746]16.14.3.2.2	Conditional Handover
The same principle as described in 9.2.3.4 applies to NTN unless hereunder specified.
NTN supports the following additional trigger conditions upon which UE may execute CHO to a candidate cell, as defined in TS 38.331 [12]:
-	The RRM measurement-based event A4;
-	A time-based trigger condition;
-	A location-based trigger condition.
Time-based or location-based trigger conditions may be configured independently from the measurement condition for CHO in NTN in at least hard satellite switch case where the service discontinuity gap time length is assumed to be zero or negligible. Otherwise, a time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5) as defined in TS 38.331 [12].
A time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5) as defined in TS 38.331 [12].
It is up to UE implementation how the UE evaluates the time- or location-based trigger condition together with the RRM measurement-based event.
When a time-based trigger condition is used, the source gNB may signal the corresponding parameters to a single target gNB via the Source NG-RAN Node to Target NG-RAN Node Transparent Container in an NG-C based handover, see TS 23.502 [22]. The source gNB signals the corresponding CHO configuration to the UE in the RRC Reconfiguration message during handover execution.
When time-based trigger condition is used, the source NG-RAN node should consider the time indicated to the UE to decide when to start the early data forwarding to the target NG-RAN node.
Time-based CHO can be performed via RACH-less.
[bookmark: _Toc155991747]16.14.3.2.3	Satellite switch with re-sync
Upon both hard and soft satellite switch over in the quasi-Earth fixed scenario with the same SSB frequency and the same gNB, the satellite switch with re-sync procedure is supported. The satellite switch with re-sync avoids a L3 mobility for UEs in the cell by maintaining the same PCI on the geographical area covered by quasi-Earth fixed beam. CHO can be configured simultaneously with the satellite switch with re-sync procedure.
For soft satellite switch over, the UE can start synchronizing with the target satellite before the source satellite ends to serve the cell. It is not required for the UE to be connected to source satellite when the UE switches to target satellite.
[bookmark: _Toc155991748]16.14.3.3	Measurements
The same principle as described in 9.2.4 applies to measurements in NTN unless hereunder specified.
The network can configure:
-	multiple SMTCs in parallel per carrier and for a given set of cells depending on UE capabilities;
-	measurement gaps based on multiple SMTCs;
-	assistance information (e.g., ephemeris, Common TA parameters, ) provided in SIB19 for UE to perform measurement on neighbour cells in RRC_IDLE/RRC_INACTIVE/RRC_CONNECTED.
NW-controlled adjustment of SMTCs can be based on UE assistance information reported in RRC_CONNECTED. A UE in RRC_IDLE/RRC_INACTIVE can adjust SMTCs based on its location and assistance information in SIB19.
UE assistance information consists of the service link propagation delay difference(s) between serving the cell and neighbour cell(s).
For a UE in Idle/Inactive mode it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell indicated in SIB3/SIB4 but not included in SIB19.
For a UE in Connected mode, it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell included in the measurement configuration but not included in SIB19.
UE can perform time-based and location-based measurements on neighbour cells in RRC_IDLE/RRC_INACTIVE:
-	The timing and location information associated to the serving cell is provided in SIB19;
-	Timing information refers to the UTC time when the serving cell stops serving the current geographical area;
-	Location information refers:
1. -	In the quasi-Earth fixed cell scenario, to the reference location of the serving cell and a distance threshold to the reference location.
2. -	In the Earth moving cell scenario, to the reference location of the serving cell at the epoch time and a distance threshold to the reference location.
The time-based measurement initiation may be applicable for the feeder link switchover case for cell (re)selection.
Measurement rules for cell re-selection based on timing information and location information are specified in clause 5.2.4.2 in TS 38.304 [10].
[bookmark: _Toc155991749]16.14.4	Switchover	Comment by Flavien Ronteix (Thales): Wait for RAN3 inputs on switch-over for regenerative payload (i.e. impacts on NG)
[bookmark: _Toc155991750]16.14.4.1	Definitions
A feeder link switchover is the procedure where the feeder link is changed from a source NTN Gateway to a target NTN Gateway for a specific NTN payload. The feeder link switchover is a Transport Network Layer procedure. Service link switch refers to a change of the serving NTN payload.
Both hard and soft feeder link switchover are supported in NTN.
[bookmark: _Toc155991751]16.14.4.2	Assumptions
A feeder link switch over may result in transferring the established connection for the affected UEs between two gNBs.
For soft feeder link switch over, an NTN payload is able to connect to more than one NTN Gateway during a given period, i.e. a temporary overlap can be ensured during the transition between the feeder links.
For hard feeder link switch over, an NTN payload connects to only one NTN Gateway at any given time, i.e. a radio link interruption may occur during the transition between the feeder links.
[bookmark: _Toc155991752]16.14.4.3	Procedures
The NTN Control function (see Annex B.4) determines the point in time when the feeder link switch over between two gNBs is performed. The transfer of the affected UE(s)' context between the two gNBs at feeder link switch over is performed by means of either NG based or Xn based handover, and it depends on the gNBs' implementation and configuration information provided to the gNBs by the NTN Control function.
[bookmark: _Toc155991753]16.14.5	NG-RAN signalling
The Cell Identity, as defined in TS 38.413 [26] and TS 38.423 [50], used in following cases corresponds to a Mapped Cell ID, irrespective of the orbit of the NTN payload or the types of service links supported:
-	The Cell Identity indicated by the gNB to the Core Network as part of the User Location Information;
-	The Cell Identity used for Paging Optimization in NG interface;
-	The Cell Identity used for Area of Interest;
-	The Cell Identity used for PWS.
The Cell Identity included within the target identification of the handover messages allows identifying the correct target cell. The cell identity used in the NG and Xn handover messages, Xn Setup and Xn NG-RAN Node Configuration Update procedures is expected to be Uu Cell ID.
The Cell Identities used in the RAN Paging Area during Xn RAN paging allow the identification of the correct target cells for RAN paging.
NOTE 1:	The Cell Identity used for RAN Paging is assumed to typically represent a Uu Cell ID.
The mapping between Mapped Cell IDs and geographical areas is configured in the RAN and Core Network.
NOTE 2:	A specific geographical location may be mapped to multiple Mapped Cell ID(s), and such Mapped Cell IDs may be configured to indicate differerent geographical areas (e.g. overlapping and/or with different dimensions).
The gNB is responsible for constructing the Mapped Cell ID based on the UE location information received from the UE, if available. The mapping may be pre-configured (e.g., up to operator's policy) or up to implementation.
NOTE 3:	As described in TS 23.501 [3], the User Location Information may enable the AMF to determine whether the UE is allowed to operate at its present location. Special Mapped Cell IDs or TACs may be used to indicate areas outside the serving PLMN's country.
The gNB reports the broadcasted TAC(s) of the selected PLMN to the AMF as part of ULI. In case the gNB knows the UE's location information, the gNB may determine the TAI the UE is currently located in and provide that TAI to the AMF as part of ULI.
[bookmark: _Toc155991754]16.14.6	AMF (Re-)Selection	Comment by Flavien Ronteix (Thales): Wait for RAN3 inputs on AMF reselection over switchover
The gNB implements the NAS Node Selection Function specified in TS 38.410 [16].
For an RRC_CONNECTED UE, when the gNB is configured to ensure that the UE connects to an AMF that serves the country in which the UE is located, if the gNB detects that the UE is in a different country to that served by the serving AMF, then it should perform an NG handover to change to an appropriate AMF, or initiate an UE Context Release Request procedure towards the serving AMF (in which case the AMF may decide to de-register the UE).
For the purpose of selecting an appropriate AMF, the 5GC may verify the UE location according to TS 23.501 [3] and TS 38.305 [42] after the UE has attached to the network.
NOTE:	UE location verification for AMF selection should not be necessary if NTN cell(s) do not extend across countries.
[bookmark: _Toc155991755]16.14.7	O&M Requirements
The following NTN related parameters shall be provided by O&M to the gNB providing NTN access:
-	Ephemeris information describing the orbital trajectory information or coordinates for the NTN payload. This information is provided on a regular basis or upon demand to the gNB;
-	Two different sets of ephemeris format shall be supported:
3. -	Set 1: NTN payload position and velocity state vectors:
-	Position;
-	Velocity.
4. -	Set 2: At least the following parameters in orbital parameter ephemeris format, as specified in NIMA TR 8350.2 [51]:
-	Semi-major axis;
-	Eccentricity;
-	Argument of periapsis;
-	Longitude of ascending node;
-	Inclination;
-	Mean anomaly at epoch time.
-	The explicit epoch time associated to ephemeris data;
-	The location of the NTN Gateways;
NOTE 1:	The ephemeris of the NTN payloads and the location of the NTN Gateways, are used at least for the Uplink timing and frequency synchronization. It may also be used for the random access and the mobility management purposes.
-	Additional information to enable gNB operation for feeder/service link switch overs.
NOTE 2:	The NTN related parameters provided by O&M to the gNB may depend on the type of supported service links, i.e., Earth-fixed, quasi-Earth-fixed, or Earth-moving.
[bookmark: _Toc155991756]16.14.8	Coarse UE location reporting
Upon network request, after AS security is established in connected mode, a UE should report its coarse UE location information (most significant bits of the GNSS coordinates, ensuring an accuracy in the order of 2 km) to the NG-RAN if available.
[bookmark: _Toc155991757]16.14.9	Support for NR NTN coverage enhancements
To improve NR uplink coverage in NTN, the following enhancements are supported:
-	PUCCH repetition for Msg4 HARQ-ACK configured in system information or dynamically in DCI for Msg4 when multiple repetition factors are configured in the system information:
5. -	UEs reports the capability of PUCCH repetition for Msg4 HARQ-ACK in Msg3 PUSCH;
6. -	When Msg4 HARQ-ACK is repeated, PUCCH repetition is applied for all PUCCH transmission before dedicated PUCCH resource is provided.
-	Improved channel estimation by NTN-specific PUSCH DMRS bundling enhancement that enables DMRS bundling in presence of timing drift, where the UE can maintain phase continuity by considering effects of transmission delay variation between the UE and the uplink time synchronization reference point.
[bookmark: _Toc155991758]16.14.10	Verification of UE location
For UE location verification based on multi-RTT with single satellite in NTN, at least the following UE and gNB measurements specified in TS 38.215 [59] are reported: gNB receive-transmit time difference at the uplink time synchronization reference point, UE receive-transmit time difference, UE receive-transmit time difference subframe offset and DL timing drift.
The assistance information provided to the CN may include ephemeris information including accurate satellite position and velocity at the time of multi-RTT measurement, and common TA parameters (ta-Common, ta-CommonDrift, ta-CommonDriftVariant), and Epoch time.
***NEXT CHANGES***
[bookmark: _Toc60788162][bookmark: _Toc155991838]B.4	Example implementation of Non-Terrestrial Networks
The following figure illustrates an example implementation of a Non-Terrestrial Network for transparent NTN payload:


Figure B.4-1: NTN based NG-RAN with transparent NTN payload



Figure B.4-2: NTN based NG-RAN with regenerative NTN payload

The gNB depicted in Figure B.4-1 and Figure B.4-2 may be subdivided into non-NTN infrastructure gNB functions and the NTN Service Link provisioning system. The NTN infrastructure may be thought of being subdivided into the NTN Service Link provisioning system and the NTN Control function. The NTN Service Link provisioning system may consist of one or more NTN payloads and NTN Gateways.
The gNB depicted in Figure B.4-2 is on-boarded.
The NTN payload is embarked on a spaceborne (or airborne) vehicle, providing a structure, power, commanding, telemetry, attitude control for the satellite (resp. HAPS) and possibly an appropriate thermal environment, radiation shielding.
The NTN Service Link provisioning system maps the NR-Uu radio protocol over radio resources of the NTN infrastructure (e.g. beams, channels, Tx power).
The NTN control function controls the spaceborne (or airborne) vehicles as well as the radio resources of the NTN infrastructure (NTN payload(s) & NTN Gateway(s)). It provides control data, e.g. Ephemeris, to the non-NTN infrastructure gNB functions of the gNB.
Provision of NTN control data to the gNB is out of 3GPP scope.
NOTE:	The transport of NR-Uu protocol between the NTN Service Link provisioning system and the non-NTN infrastructure gNB functions is out of 3GPP scope.
At least the following NTN related parameters are expected to be provided by O&M to the gNB for its operation:
a) Earth-fixed beams: for each beam provided by a given NTN-payload:
-	The Cell identifier (NG and Uu) mapped to the beam;
-	The Cell's reference location (e.g. cell's center and range).
b) Quasi-Earth-fixed: for each beam provided by a given NTN payload:
-	The Cell identifier (NG and Uu) and time window mapped to a beam;
-	The Cell's/beam's reference location (e.g. cell's center and range);
-	The time window of the successive switch overs (feeder link, service link);
-	The identifier and time window of all serving satellites (resp. HAPS) and NTN Gateways.
c) Earth moving beams: for each beam provided by a given NTN payload:
-	The Uu Cell identifier mapped to a beam and mapping information to fixed geographical areas reported on NG, including information about the beams direction and motion of the beam's foot print on Earth;
-	Its elevation wrt NTN payload;
-	Schedule of successive serving NTN Gateways/gNBs;
-	Schedule of successive switch overs (feeder link, service link).
***END OF CHANGES***
4	Conclusion
1. Impacts of regenerative payload architecture on NG and Xn interface, if any, are not in the RAN2 scope.
1. Wait for RAN3 inputs to update section 16.14.4 and 16.14.6 related to switchover and NG interface
Consider the text proposal for TS 38.300 below as baseline to support the gNB on-board regenerative payload architecture
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