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Introduction 
At the Rel-18 workshop, more than 20 companies submitted contributions asking to consider enhancements for NR-NTN and/or IoT-NTN for the Rel-18.
A number of email discussion took place and a list of candidate enhancements for both NR-NTN and IoT-NTN was identified and preliminary assessed in chapter 4.2 of RWS-210600 (see [1]).
Moreover, at the end of its Rel-18 workshop (28th June – 2nd July 2021), RAN endorsed a way forward in RWS-210659 (see [2]) in which are listed candidate topics for the Rel-18 package, among which
· 8. NTN (Non-Terrestrial Networks) evolution
· Including both NR & IoT (Internet of Things) aspects

This document proposes a pre selection of Rel-18 candidate enhancements for both NR-NTN and IoT-NTN.
It includes the justification (use cases, expected benefits) and objectives (scope of the work, WG impacted and estimated TUs) for each proposed candidate enhancements.

Discussion 
[bookmark: _Toc80114859][bookmark: _Toc493127338]Candidate Rel-18 NR-NTN enhancements
We suggest the following list of NR-NTN enhancements (NOT in the order of priority) for a Rel-18 eNR-NTN work item:
Coverage enhancement
Justification
Increase the service availability especially for commercial smartphones of Power Class 3 (featuring lower antenna gain e.g. -5 dBi) which an important use case and possibly the target user throughput.

Objective 
Evaluate the coverage performance and identify the candidate channels that have coverage issues. [RAN1, RAN2]


Downlink and uplink enhancements (items to be removed/modified if contained in the general NR coverage enhancement WI) 

· Define and specify repetitions and diversity techniques for the relevant channels (including PRACH and techniques to enable full-power UL transmission and reduced polarization loss) [RAN1, RAN2]

· Define relevant CSI aging mitigation, DM-RS config. [RAN1, RAN2]

· Improve the performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead. (Initial work in RAN1/RAN2 and liaise with SA2/SA4 as necessary)

· Investigate means to mitigate packet interruption due to low DL/UL SNR and beam/cell switching for NTN


WG impacts
Leading WG : RAN1
Secondary WG : RAN2

Potential impact to SA/CT : Yes


NR-NTN deployment in above 10 GHz bands and support for VSAT/ESIM NTN UE
Justification
Satellite service allocated spectrum above 10 GHz currently addresses the totality of satcom mobile Broadband use cases and they address the largest portion of the existing satcom user base and market.
Currently VSAT/ESIM UEs are the pillar of satellite broadband services.  Multiple VSAT/ESIM classes and apertures exist and a framework to support them should be defined.

Objective 
Earth fixed & Earth moving cell reference scenarios are considered for GEO, MEO and LEO.

Specify the following requirements [RAN4]
· Study and identify which bands may be potentially relevant to NTN including: Analysis of regulations in the spectrum considered, Adjacent channel co-existence analysis
· Consider Ka band as the exemplary band
· Specify Rx/Tx requirements for different VSAT/ESIM UE class (not only 60 cm aperture)
· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed.
· Specify the conformance testing
· Specify the RRM requirements
· Physical layer parameters such as SCS for SSB, data channels
· Beam management and BWP operation/switching in NTN considering the characteristics of satellite beams (e.g., large beam foot print, multiple beams per satellite, and FDD for FR2)


WG impacts
Leading WG : RAN4
Secondary WG : RAN1

Potential impact to SA/CT : None


DL PAPR reduction
Justification
High PAPR causes significant power efficiency loss and consequent throughput loss. Satcom operators will be either forced to deploy a non-standard system or not deploy the system at all if this is not addressed in some way.
Issue has been identified both at FR1 and FR2, but due to typical payload architectures it is more significant in FR2 (above 10 GHz) - for transponder configurations of small number (<3-4) of OFDM channels per HPA, the throughput degradation may be severe.  However, PAPR alone is not a sufficient metric.  OOBE is also a significant player even in configurations with large number of carriers per-HPA, where carrier PAPR is less problematic.
It should be noted that high power fluctuation of CP-OFDM waveform affects all payloads in the forward link due to gain compensation/compression that may be necessary to normalize the PAPR to some extent even at lower frequency bands.
Note that UL already enables DFT-s-OFDM.

Objective 
Initiate a study to identify necessary signalling to ease the implementation of PAPR mitigation techniques on DL. [RAN1, RAN2]
and assess DFT-s-OFDM based waveform on DL.  [RAN1]


WG impacts
Leading WG : RAN1
Secondary WG : RAN2

Potential impact to SA/CT : None


NTN-TN and NTN-NTN mobility and service continuity enhancements
Justification
Reduce the radio link failure rate for mobility across different access networks (NTN-TN and NTN-NTN).
Important for scenarios that integrate NTN access and TN access in a single network (instead of NTN only operators). This makes Satcom more relevant for existing TN operators (e.g. to extend coverage at sea or in sparsely populated areas). In addition, this enhancement would facilitate faster adoption of NTN in 5G.

Objective 
· Support enhanced schemes such as the DAPS to guarantee the service continuity.
· Address handover interruption, handover signalling overhead and RACH congestion
· Address RLF reduction issue for different delay and/or network topology between the different access types/points/nodes. [RAN1, RAN2]
· NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements


WG impacts
Leading WG : RAN2
Secondary WG : RAN1

Potential impact to SA/CT : Possibly Mobility and session management


Support of NTN-NTN asynchronous multi connectivity & Carrier Aggregation
Justification
Increase user throughput, QoE and/or service availability by using spatial diversity between NGSO & NGSO, GEO & NGSO. Note that NGSO encompass LEO and MEO.
Intra-satellite carrier aggregation is important in high frequency bands to provide very high throughput or increase the flexibility with frequency channel planning (smaller channels can improve link budget and can be aggregated if higher bandwidth is required).

Objective 
Support of NTN-NTN multi connectivity has to be prioritised

It is assumed that satellite nodes may be at different orbit (e.g. LEO, MEO and GEO).
Address different delay and/or network topology between the different access types/points/satellite nodes. [RAN1, RAN2]
Handling different time and frequency compensation. [RAN1, RAN2]
Master node versus secondary node selection.  [RAN2, RAN3]
Specify RF and RRM core requirements for the upgrade band combination capabilities for NTN. [RAN4]
In option support of NTN-TN asynchronous multi connectivity


WG impacts
Leading WG : RAN1
Secondary WG : RAN2, 3 & 4

Potential impact to SA/CT : Possibly split bearer at core network (e.g. UPF)

Support of MBS
Justification
Meet for example public safety needs, software upgrades and multimedia content.
Favourable also for IoT (type of) applications that require e.g. triggering or distribution of messages.

Objective 
Multicast accommodating extra delay (including HARQ deactivation). [RAN2]
Address Broadcasting Service continuity issues in NGSO when targeting an Earth fixed area. [RAN2]
Support Mobile-Originated and Network-Originated multicast and related mobility aspects in NGSO taking into account beam topology. [RAN2]

WG impacts
Leading WG : RAN2
Secondary WG : RAN1, 3

Potential impact to SA/CT : Possibly Mobility & session management (SA2), security (SA3)

Network based UE location
Justification
For regulated services (e.g. lawful intercept, emergency communications, public warning service) as well as handling of extraterritoriality requirements where Law enforcement apply, the network shall be able to provide a “reliable” UE location (either network verified or network provided). The first priority is to enable the network to verify UE reported location information.

In S3-210282 “Reply LS on UE location aspects in NTN”, SA3-LI notes that any method which relies solely on UE-generated location information is unlikely to be considered reliable for network selection purposes. Therefore, a method such as GNSS/A-GNSS cannot be considered as reliable or trusted unless the information provided by the UE can be verified by the network.”
•	For emergency calls, in 3GPP TR 22.872 Study on positioning use cases; Stage 1 (Release 16), the position accuracy is required to be [50m Horizontal, 3m Vertical] which are the most demanding of the regulated services in terms of accuracy requirements.  (also in line with the European Commission ‘s Standardisation Request for E112 (as regards hand-held mobile phones in support of Directive 2014/53/EU)
•	For lawful intercept, SA3-LI recommends in S3i-200056 that “The logical location shall unambiguously map to the geographical area of the UE physical location. Granularity of such geographical areas needs to be able to provide network location accuracy comparable with terrestrial networks.”

Objective 
Undertake a study to assess 
· possible Enhancements to existing RAT dependent techniques (e.g. multi RTT) to accommodate varying and larger delay. [RAN1]
· Signalling overhead and efficiency impact. [RAN2]
· Enhance UE positioning architecture e.g. LMF [RAN2 & 3]

WG impacts
Leading WG : RAN1
Secondary WG : RAN2, 3, 4

Potential impact to SA/CT : Triggering conditions. LCS framework. Compliance with regulated service requirements (network provided or verified) as well as extraterritoriality requirements (See SA1 led 5GET study)

UE without GNSS
Justification
Improve UE energy efficient and reduce dependency to GNSS service availability; support of low cost UEs for both NR and LTE based IoT radio protocols

Objective 
Undertake a study aiming at identifying the possible impacts at RAN1 and RAN2 level of serving UE without GNSS capabilities (either no GNSS receiver or GNSS not used for operating with satellite access).
In particular, the following should be considered:
New method for UL time & frequency sync in idle and connected mode, New PRACH [RAN1, RAN2]
Coexistence analysis of UE with & without GNSS in a given cell [RAN4-RD]
The study will consider the necessary adaptations to NR and then identify necessary additions for LTE if needed.

WG impacts
Leading WG : RAN1
Secondary WG : RAN2, 3, 4

Potential impact to SA/CT : PLMN and core network selection/registration and possibly on LCS

Synthesis

The Rel-18 NR-NTN enhancements can be grouped according to the category of benefits:
· 1) performance optimization enhancements impacting:
· Throughput per UE, network throughput efficiency, signalling overhead
· UE power saving, service continuity, availability and reliability
· 2) new capabilities enhancements impacting:
· regulatory compliance
· new bands
· new services

Table 1: List of pre-selected candidate enhancements for eNR-NTN
	Candidate enhancements
	Category
	Benefits

	Coverage enhancement (especially to address commercial smartphones)
	performance optimization
	Service availability

	NR-NTN deployment in above 10 GHz bands and support for VSAT/ESIM NTN UE
	new capabilities
	New bands

	DL PAPR reduction
	performance optimization
	Throughput per UE on DL, network throughput efficiency on DL

	NTN-TN and NTN-NTN mobility and service continuity enhancements
	performance optimization
	Service continuity

	NTN-NTN asynchronous multi-Connectivity & Carrier Aggregation
	performance optimization
	Throughput per UE

	Support of MBS
	new capabilities
	new service 

	Network based UE location
	new capabilities
	regulatory compliance (Law enforcement)

	UE without GNSS (Study phase only)
	new capabilities
	new






Proposal 2.1: RAN to consider the creation of a Rel-18 work item eNR-NTN with the following candidate enhancements (NTN-NTN asynchronous multi-Connectivity & Carrier Aggregation, NR-NTN deployment in above 10 GHz bands and support for VSAT/ESIM NTN UE, DL PAPR reduction, NTN-TN and NTN-NTN mobility and service continuity enhancements, Coverage enhancement, Network based UE location, Support of MBS).

Proposal 2.2: Furthermore, RAN to consider as part of this work item a feasibility study on the support of UE without GNSS

Proposal 2.3: Coordination with TSG-SA/TSG-CT is needed to ensure that necessary work is planned on NR-NTN in relevant SA/CT groups to define some of the enhancements


[bookmark: _Toc80114860]Candidate Rel-18 IoT-NTN enhancements
We suggest the following list of IoT-NTN enhancements for a Rel-18 eIoT-NTN work item.

IoT-NTN Enhancements in Rel-18 to address remaining issues from Rel-17
Justification
Optimise
· UE data rate
· channel capacity and density of devices that can access to the satellite resources (alternative to NOMA). 
· mobility
· UE power consumption
· transmission latency by allowing the UE to transmit without undergoing full RACH procedure
· discontinuous coverage by shortening transmission time and increasing transmission capacity.

Objective
· Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates
· Improved GNSS operations for a new position fix for UE pre-compensation during long connection times and reduced power consumption
· Support of (Rel-17) neighbour cell measurements and corresponding measurement triggering before RLF for NTN
· Support of (Rel-17) NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration for NTN
· Support legacy (Rel-16) LTE Conditional Handover (CHO) for eMTC NTN and RLF/reestablishment
· Mechanisms for NB-IoT NTN to mitigate packet interruption for NTN
· Further power saving enhancements including PUR for IoT NTN to support discontinuous coverage
· PUR (Rel-16 NB-IoT feature) supporting NTN support addressing NTN specific delay and beam size. [RAN1, RAN2]
· Enhancement to PSM, eDRX and PUR to support discontinuous coverage [RAN2]


WG impacts
Leading WG : RAN2
Secondary WG : RAN1, 4

Potential impact to SA/CT : For those objectives related to enhanced discontinuous coverage support, SA/CT impact is to study the enhancements for discontinuous coverage at system/core network level in SA2 and CT1


Support for store-and-forward on-board NTN payload
Justification
An NGSO constellation typically requires several tens (MEO) or even hundreds (LEO) of satellites to provide service all over the Earth. Moreover, it requires that the constellation connects simultaneously a service area with a Core Network via a ground network infrastructure of gateways.
The support of store and forward capabilities will allow to start providing non real time IoT NTN services globally with only one satellite while reducing the required number of ground-stations which can be in deployed in ‘friendly’ locations. 
The satellite need to embark eNB function and storage capability and will harvest data from IoT devices along its orbit and forward it to a core network when it encounters a NTN-GW. Conversely, it uploads data from core network when connected to a NTN-GW and delivers it to the relevant IoT-devices when covering the targeted service area.  Store and forward allows IoT NTN service delivery in areas where the satellite is not, or cannot, be connected to a ground station when interacting with the UEs (i.e. “UE <-> satellite” signalling and data transfer shall be possible without the satellite being simultaneously connected to a central CN functionality on the ground).
This is important to have further cost effective and scalable solutions adopted by the market (in association with discontinuous coverage). Indeed, store and forward operation is already the native operation method used by other protocols (such as LoRa) competing for the low-cost satellite IoT market.
Objective 
eNB on board is assumed.
Support of decoupled signalling procedures “UE <-> Satellite” and “Satellite < CN ground” for achieving end-to-end functionality. [RAN2]
Address dynamic attachment between S-GW and eNB.  [RAN3]
Network identity handling, cell activation associated to moving RAN nodes.  [RAN3]
Coordination with SA2. [RAN3]
UE’s power saving [RAN1, RAN2]

WG impacts
Leading WG : RAN2
Secondary WG : RAN1, 3

Potential impact to SA/CT : Support of regenerative payload

Mobility enhancements
Justification
Optimize mobility signalling overhead and efficiency to avoid cell change when beam changes.
Objective 
Beam-based mobility / Multiple satellite beams in one cell.  [RAN1, RAN2]
CHO enhancement in connected mode.  [RAN2]
Network-controlled mobility. [RAN2, RAN3]
Layered beam operation.  [RAN1, RAN2].
Neighbour cell measurements and corresponding measurement triggering before RLF. [RAN2]

WG impacts
Leading WG : RAN2
Secondary WG : RAN1, 3

Potential impact to SA/CT : Mobility/session mobility

IoT-NTN deployment in new bands (e.g. L band).
Note that this enhancement will be addressed as part of a release independent work item (Assuming that S-band adaptation for NTN-IoT is completed as part of Rel-17)

Justification
Allow to develop UE devices that can operate with L band satellites and hence increase the market size of IoT-NTN.
The frequencies of L-band are interesting for IoT devices in general so could be a good complementary to S band.
L-band and XL-band are key frequencies already available to MSS for narrowband-type services, both real-time and non-real-time. Therefore, 3GPP should support them.
Objective 
Adjacent channel coexistence scenarios between NTN and TN. [RAN4]
Satellite node Rx/Tx transmission specification.  [RAN4]
Possible adjacent channel coexistence study with terrestrial.  [RAN4]
In addition to the consideration of current MSS allocations in L and S bands, consideration should be given to the potential new allocations for narrowband MSS to be decided in WRC’23 AI 1.18 as per Resolution 248. This may represent new MSS spectrum made available explicitly for intermittent, delay-tolerant IoT NTN services. Liaison between 3GPP and ITU WP4C may be needed to ensure the spectrum is made available under a proper arrangement suitable for 3GPP IoT NTN deployment. [RAN4]

WG impacts
Leading WG : RAN4
Secondary WG : RAN1

Potential impact to SA/CT : None



Synthesis

The Rel-18 IoT-NTN enhancements can be grouped according to the category of benefits:
· 1) Performance optimization enhancements impacting:
· network throughput efficiency, signalling overhead
· UE power saving, radio link failure, availability and reliability
· 2) New capabilities enhancements impacting:
· Regulatory compliance
· New bands
· New services

Table 3: List of pre-selected candidate enhancements for IoT-NTN
	Candidate enhancements
	Category
	Benefits

	IoT-NTN Enhancements in Rel-18 to address remaining issues from Rel-17
	performance optimization
	Active UE max density, UE power saving

	Support for store-and-forward on-board NTN  payload
	new capabilities
	New service

	Mobility enhancements
	performance optimization
	signalling overhead, radio link failure

	IoT-NTN deployment in new bands (e.g. L band)
	new capabilities
	New band




Proposal 3.1: RAN to consider the creation of a Rel-18 work item eIoT-NTN with the following 4 candidate enhancements (IoT-NTN Enhancements in Rel-18 to address remaining issues from Rel-17, Support for store-and-forward on-board NTN payload, Mobility enhancements).

Proposal 3.2: RAN to consider the creation of a Release independent work item for the definition of new bands for IoT-NTN

Proposal 3.3: Coordination with TSG-SA/TSG-CT is needed to ensure that necessary work on IoT-NTN is planned in relevant SA/CT groups to define some of the enhancements



[bookmark: _GoBack]Conclusion

Proposal 2.1: RAN to consider the creation of a Rel-18 work item eNR-NTN with the following candidate enhancements (NTN-NTN asynchronous multi-Connectivity & Carrier Aggregation, NR-NTN deployment in above 10 GHz bands and support for VSAT/ESIM NTN UE, DL PAPR reduction, NTN-TN and NTN-NTN mobility and service continuity enhancements, Coverage enhancement, Network based UE location, Support of MBS). Furthermore, to carry, as part of this work item, a feasibility study on the support of UE without GNSS
Proposal 2.2: Furthermore, RAN to consider as part of this work item a feasibility study on the support of UE without GNSS
Proposal 2.3: Coordination with TSG-SA/TSG-CT is needed to ensure that necessary work is planned on NR-NTN in relevant SA/CT groups to define some of the enhancements

Proposal 3.1: RAN to consider the creation of a Rel-18 work item eIoT-NTN with the following candidate enhancements (IoT-NTN Enhancements in Rel-18 to address remaining issues from Rel-17, Support for store-and-forward on-board NTN payload, Mobility enhancements).
Proposal 3.2: RAN to consider the creation of a Release independent work item for the definition of new bands for IoT-NTN
Proposal 3.3: Coordination with TSG-SA/TSG-CT is needed to ensure that necessary work on IoT-NTN is planned in relevant SA/CT groups to define some of the enhancements
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