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[bookmark: _Toc152578290][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
This document entails a list of candidate topics for a potential RAN2 led Rel-19 NR-NTN-evolution WI as per the structure in RP-232745 (page 28).

Note that the yellow highlighted text refer to some proposals that are still subject to discussions.
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[bookmark: _Toc152578291]RAN1 centric candidate topics for NR-NTN-evolution WI
[bookmark: _Toc152578292]Coverage enhancements for downlinks
[bookmark: _Toc152578293]Justification
All satellites for 5G satellite networks (operating in FR1 as well in FR2, and covering both GSO and NGSO constellations) to be deployed in the next 10 years are expected to be designed under the assumptions of optimised power. There is a strong need to implement DL coverage enhancement techniques to optimise CAPEX and OPEX for a given targeted coverage.
The satellite payload may be unable to have all its beams actives 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.
Hence DL coverage enhancements are needed:
· to maximise the number of beams that can be activated simultaneously;
· to ensure that all user terminals can be served across the satellite foot print while maximising the overal 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.

[bookmark: _Toc152578294]Objectives
Assumptions
· SSB channel enhancements is not considered in this scope.
· antenna gain of UE shall be assumed to be -5.5 dBi
· NGSO to be considered in priority : Consider LEO set-1@600 km reference satellite parameters in TR 38.821
· At least 2 Rx UE are considered in this objective.
· FFS RedCAP 1 Rx UE are considered at least for the link margin improvement
· FFS Whether RedCAP UE half duplex constraints should be considered for system level enhancements

The following two steps approach should be considered
· Study phase: 
· Link level :
· Identify/prioritise which physical channels need to be enhanced
· Identify the target link margin improvement depending on the physical channel
· Identify/prioritise which enhancements are needed at link level/physical channels
· System level :
· Define reference Satellite payload parameters (e.g. beam illumination plan constraints, total EIRP) and energy consumption model along with necessary evaluation methodology and relevant KPIs.
· Identify potential solutions 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 considering in priority existing 3GPP techniques .
· Normative phase:
· Define link level enhancements wrt downlink physical data and control channels as appropriate
· i.e. enhancements through repetition techniques [RAN1]
· Define system level enhancements 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 as appropriate.

[bookmark: _Toc152578295]Working groups
RAN1 and RAN2


[bookmark: _Toc152578296]Robust Notification/Alert 
[bookmark: _Toc152578297]Justification
For outgoing calls or messages, users can consciously choose a good spot to initiate communication. However, for incoming service via NTN only, users may experience poor reception conditions and thus miss calls and messages, which can be especially detrimental for public safety or emergency purpose paging messages. These poor reception condition scenarios can happen when UE is placed in pockets, backpacks or in vehicles, boats, etc., or in conditions where there are clutter losses. 
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.
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). 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.
Three issues will need to be addressed in the objective:
· How to ensure synchronisation of the UE with the network under low SNR or NLOS conditions?
· How to design a dedicated notification/alert message so that it can be received by the UE in low SNR or NLOS conditions after normal paging fails?
· How this feature will impact the nominal paging/call set-up procedure at network and UE level?
This feature may also be activated for public warning purposes.

[bookmark: _Toc152578298]Objectives
Assumptions
· 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 
Objectives include :
· Identify the notification message requirement based on liaison with SA WG [RAN1/2]
· The notification message should be addressed to a particular UE or a sub set of UE in a cell (hence could leverage some UE identifier in legacy paging procedures)
· Identify and specify possible solutions for the support of a robust notification/alert message and its delivery (including paging procedure impact) over downlink physical channel(s)  [RAN1, RAN2, RAN3]

Note : Coordination with 
· SA1 as needed (e.g. notification requirements/message content)
· SA2 as needed (e.g. for potential impact on the paging procedure)

[bookmark: _Toc152578299]Working groups 
RAN1, 2, 3

[bookmark: _Toc152578300]Uplink Capacity/Throughput Enhancement for NR NTN
[bookmark: _Toc152578301]Justification
In Rel-18, UL coverage enhancements have been specified as part of NR NTN Enhancements, such as repetitions and DMRS bundling. However, the use of repetitions by itself has the effect of significantly reducing the system capacity and the individual user throughput, by reducing the resources available for data both for individual users, as well as for the whole system. The use of repetitions will also increase UE transmission time, therefore driving higher utilization of UL resources in the time domain, before they can be released to other users.
As operators are gearing up to deploy NR NTN in the real world, it is becoming clear that the system will be heavily resource limited, especially in the UL, and particularly in the initial phases, when a limited amount of spectrum is expected to be available for deployment of NR NTN services.
As a result, it is expected that only a small part of the UEs in a satellite’s coverage will be able to access the the network. The need for Uplink Capacity and UE Throughput Enhancements is mainly driven by the following factors:
· Rel-18 enhanced UL coverage performance in low SINR conditions using techniques such as repetitions. However, since the UL link budget remains highly constrained due to limitations of UE TX power and antenna gain, the system capacity and UE throughput in such conditions are significantly reduced. 
· 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 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.
· Some companies have also further identified the need to be able to allocate higher per-UE resources to better support VoNR/VoIP services in coverage-limited scenarios.

Some companies have suggested that, when operating at low coding rate, the use orthogonal cover codes (OCC) to multiplex multiple UEs in the same PRB and the use of sub-PRB allocations per-UE could yield uplink capacity gains of up to 10x, whilst maintaining enhanced UL coverage.

Overall, the purpose of Uplink Capacity/Throughput Enhancement includes:
· Support increased system capacity without sacrificing per-UE throughput and coverage performance due to repetitions
· Recover per-UE uplink data rate for handheld UEs that may be lost to repetitions
· An uplink access scheme that can accommodate many UEs in a very wide Satellite coverage footprint, with low delay and efficient resource usage

Deployment perspectives: All FR1 satellite networks will significantly benefit from this feature.

[bookmark: _Toc152578302]Objectives
Assumptions
· The intent is not to replace MU-MIMO capability but to improve system capacity.
· Enhancements to PRACH not considered in this topic

Objectives
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) including initial access [RAN1], with an attempt to minimise 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 impairements (e.g. Doppler, time variation, phase distortion) [RAN1]
· Specify necessary signalling, if needed [RAN2]
· Update RF requirements accordingly if needed [RAN4]. 
· Note : The orthogonal cover codes are across OFDM symbols and/or within an OFDM symbol.
· [bookmark: _GoBack]Study and specified specify if neededbeneficial, sporadic access (i.e. contention based PUSCH) to a pool of shared resources [RAN1/2]
· FFS PUCCH enhancements, if needed [RAN1]

[bookmark: _Toc152578303]Working groups
RAN1, RAN2, RAN4

[bookmark: _Toc152578304]RAN2 centric candidate topics for NR-NTN-evolution WI

[bookmark: _Toc152578305]Mobility enhancements 
[bookmark: _Toc152578306]Justification
Towards seamless service continuity between NTN-NTN, NTN-TN, TN-NTN. For NTN-NTN mobility, the interruption time and the signalling overhead are big drivers towards an efficient seamless service continuity. Rel-18 introduces in particular RACH-less HO and satellite switch with re-sync procedures to this end. However, more can be done to achieve seamless soft satellite switching and to reduce inter-cell interruption time and overhead.
e.g.
· allow for idle/inactive/connected mode inter-RAT (TN-)NTN mobility (such as mobility from E-UTRAN TN to NR NTN or idle/inactive/connected mode mobility from NR NTN to IoT NTN).
· A CHO configuration is released once a CHO is executed. Due to frequent HO in NTN as studied in Rel-16, NW has to send CHO configuration repeatedly for same neighbor cells. It is then beneficial to enable subsequent CHO where UE does not need to release CHO configuration for candidate cells after each CHO is done. This is similar in principle to subsequent LTM or subsequent CPAC supported in Rel-18 

[bookmark: _Toc152578307]Objectives
· FFS: Study the feasibility of Dual Active Protocol Stack (DAPS) handover, and if justified, specify necessary enhancement to support DAPS in NTN for: [RAN2, RAN3]
· Both Earth-fixed and moving cell
· With/without service link switch (i.e change of the serving NTN payload)
· A feeder link switchover
· Other dual connectivity techniques may be considered
· FFS: Study applicability and benefits of L1/L2-triggered mobility (LTM) procedure to NTN for intra-gNB inter-cell mobility and if possible, specify necessary enhancements identified. [RAN1, RAN2]
· FFS: Study and specify solutions for inter-RAT (TN-)NTN mobility [RAN2]
· FFS: Study and specify solutions for Subsequent CHO

[bookmark: _Toc152578308]Working groups 
RAN1, RAN2, RAN3

[bookmark: _Toc152578309]Enhanced GNSS Operation
[bookmark: _Toc152578310]Justification
Release 17 and Release 18 (presently in progress) assume for NTN that the UE uses its GNSS coordinates i.e., UE position - see TS 38.300 Section 16.14.2.2 and TS 36.300 Section 23.21.2.2 (together with the ephemeris of the serving satellite and additional information about the feeder link delay) to pre-compensate the time and frequency shift.
Rel-17/18 NR-NTN assumes 100% GNSS service availability. With Rel-19, GNSS service availability should be relaxed to allow 99% GNSS service availability per day at the targeted level of accuracy. This corresponds to a degraded GNSS performance during up to 14.4 minutes per day (=1% * 24 x 60 mn) and per GNSS system. Furthermore in Rel-17/18, the NR-NTN protocol is expected to operate with a UE GNSS « nominal » position accuracy better than 50 meters in FR1-NTN and than 15 meters in FR2-NTN respectively. In Rel-19, the intent is to operate under a relaxed GNSS position accuracy.
Therefore, there is a need to increase the robustness of uplink time and frequency synchronization in NTN based access against of GNSS temporarily degraded 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, can affect large parts of the earths surface for 10 – 20 minutes [1]. 
[1] Satellite-derived Time and Position: A Study of Critical Dependencies, Government Office for Science (2018). [Online: https://assets.publishing.service.gov.uk/media/5a82c84ced915d74e34038ab/satellite-derived-time-and-position-blackett-review.pdf ]

Deployment perspectives: this feature is needed to increase the service availability of the user equipment in all 3GPP-based satellite networks whatever bands, orbits or terminal types that are planned to be deployed in the next 5 years.

[bookmark: _Toc152578311]Objectives
Assumptions 
· apply 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

Objectives include
· PRACH transmission (Initial access, connected mode): Study potential enhancements for the UE pre-compensation for UL time and frequency synchronisation in case GNSS availability and/or accuracy is reduced, and specify if needed.
· The UL time and frequency synchronisation enhancements shall accommodate a UE GNSS « relaxed » position accuracy better than [300] meters (i.e. 3D error of 6 x 50 metres) for FR1-NTN UE and than [90] metres (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 synchronisation 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.

[bookmark: _Toc152578312]Working groups
RAN1, 2, 4



[bookmark: _Toc152578313]RAN3 centric candidate topics for NR-NTN-evolution WI

[bookmark: _Toc152578314]Regenerative payload
[bookmark: _Toc152578315]Justification
In order to 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.

[bookmark: _Toc152578316]Objectives
Assumptions
· Both GSO and NGSO are considered
· Both with/without Inter Satellite Links are considered. ISL is a transport link and therefore not subject to specification in this work item
· The support of UPF on board is not in the scope of this work item

Objectives include
· 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. [RAN3, RAN2]
· 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. [RAN3, RAN2]
· FFS Specify the support of DU on board with possible enhancements of at least F1

[bookmark: _Toc152578317]Working groups
RAN3, RAN2
FFS : Whether gNB or DU on board may have impact on RAN1




[bookmark: _Toc152578318]RAN4 centric candidate topics for NR-NTN-evolution WI
[bookmark: _Toc152578319]Support of RedCAP UE
[bookmark: _Toc152578320]Justification
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. For the support of such RedCAP devices in NTN, the following specifics have to be accomodated :
· Satellite Nodes typically supports circular polarized transmission (Left Hand Circular (LHCP) and Right-Hand Circular (RHCP)).
· The RF bandwidths available to an operator in NTN FR1 bands are lower than for FR1 TN bands.

[bookmark: _Toc152578321]Objectives
Assumptions
· RedCAP UE operating with NTN implement a GNSS receiver.
· Consider 1 Rx UE
· FFS : Whether 2 Rx UE should be only considered to avoid network capacity impact.


Objectives include:
· Define the RF performance for RedCAP UE operating in satellite service allocated bands in FR1 with 5 MHz channel bandwidth. Update the RRM requirements as required  [RAN4].
· Study the impact of applying existing Rel-18 NTN to RedCap 1 RX devices (including half duplex), including seamless NTN-NTN mobility, and identify (define if relevant) any useful potential simplifications from device-cost perspective, e.g. in the following areas [RAN1]:
· Number of HARQ processes
· Simultaneous operation with GNSS
· Number of transmit and receive antennas – with minimum requirement of 2RX at least for UE with linear polarized antenna.

FFS : Whether for RAN1 work, would require prior study (e.g. on Half duplex operation).

[bookmark: _Toc152578322]Working groups 
RAN4, RAN1


[bookmark: _Toc152578323]Coverage enhancements for uplink
[bookmark: _Toc152578324]Justification
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.
FFS Furthermore, the link margin should be increased for specific messages during the initial access (e.g. message 5).

[bookmark: _Toc152578325]Objectives
Assumptions
· exemplary FR1 bands (i.e. n256, n255, n254 and upcoming Extended L-band (UL: 1668-1675 MHz, DL: 1518-1525 MHz)
· Support UE with PC2 (+26 dBm)
· Support UE with PC1.5 (+29 dBm) and PC1 (+31 dBm).
· Note that PC1 and PC1.5 are not targeted for smartphones.

Objective include
· Update, if needed, coexistence analysis based on TR 38.863 defined methodology [RAN4]
· Specify RF and RRM aspects of the targeted UE [RAN4]
· Specify transmission enhancement for NTN high power UE, e.g. duty cycle enhancement subject to Specific Absorption Rate restriction [RAN1,RAN2]

· FFS : Whether Msg5/PUSCH repetition or legacy packet segmentation shall be defined (if not included in NR enh as part of Rel-19).
· FFS Whether a study is required prior to normative work


[bookmark: _Toc152578326]Working groups 
RAN4, RAN2, RAN1





[bookmark: _Toc152578327]Conclusion and Way forward
Proposal 1: Consider the following topics as part of a RAN2 led R19 NR-NTN-evolution WI:
· Coverage enhancements for Downlink
· Robust Notification/Alert
· Uplink Capacity/Throughput Enhancement
· Mobility enhancement
· Enhanced GNSS Operation
· Regenerative payload
· Support of RedCAP UE
· Coverage enhancements for Uplink (including high Tx power UE)

Proposal 2: Consider the following TU estimates per candidate topics as part of a RAN2 led R19 NR-NTN-evolution WI:
	
	Candidate topics
	RAN1
	RAN2
	RAN3
	RAN4 RF
	RAN4 RRM

	RAN1-centric
	Coverage enhancements for Downlink
	5,3
	3,75
	 
	 
	 

	RAN1-centric
	Robust Notification/Alert
	1
	3
	1
	 
	 

	RAN1-centric
	Uplink capacity / throughput enhancement
	2,25
	0
	 
	 
	 

	RAN2-centric
	Mobility enhancements
	0.25
	1
	0.5
	-
	

	RAN2-centric
	Enhanced GNSS Operation
	2,25
	2,25
	 
	 
	4

	RAN3-centric
	Regenerative Payload
	 
	1
	3
	 
	 

	RAN4-centric
	Support of RedCAP UE
	 
	 
	 
	 
	2,25

	RAN4-centric
	Coverage enhancements for Uplink (High Power Tx UE)
	1
	1
	 
	4,5
	2,25
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