[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Ref32174880][bookmark: _Ref32174894][bookmark: _Toc33937155][bookmark: _Toc33937288][bookmark: _Toc64436179][bookmark: _Toc201556294][bookmark: _GoBack]3GPP TSG RAN TSG #101 	RP-231566
Bengalore/India, September 11-15, 2023										revised from RWS-230049

Title:	Consideration on RAN4 led NTN potential topics for Release 19 (Annex)
Source: 	Thales, Hughes, Fraunhofer IIS, Inmarsat, Sateliot, Ligado, Omnispace, Lockheed Martin, Novamint, Eutelsat, TTP, Terrestar, ESA, Intelsat, OneWeb, Airbus, JSAT, TNO, IRT Saint Exupery, Hispasat, Gilat, Gatehouse, Magister solutions, OQ Technology, Deutsche Telekom, Viasat, CEWiT, 
Type:	discussion
Document for:	discussion 
Agenda Item:	8A.3 RAN4 led Topics	 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
This document entails a list of candidate topics for the Rel-19.
These topics aim either to improve the service experience of NTN or to support new use cases.
Note that new bands are also being considered for Rel-19 but as separate work items.


Candidate Rel-19 NTN topics
Support of higher Tx power NR-NTN capable UE
Justification
The larger propagation distance and corresponding higher path loss for direct satellite access scenarios leads to a challenging UL coverage performance, when a UE connects to a SAN in FR1. In Rel-17, FR1 PC3 (+23 dBm) handheld UE for satellite access has been standardized as a baseline. However, the required UL performance with the limited link budget for satellite access scenarios can’t be guaranteed, e.g. for some public safety and automotive scenarios, as currently discussed within 5GAA for vehicle mounted UE with narrowband, wideband and broadband data rate services [RWS-230164]. Even if the UL coverage is further enhanced for Rel-18 NR NTN, one efficient solution in NTN is to increase the UE maximum transmit power to increase the UL performance. 
RAN4 already studied and specified NR high power UE topics in Rel-17. Some technical analysis and studies may be referred to high power UE for satellite access, as well as previous analysis of RF and co-existence aspects for NTN in TR 38.863. The coexistence aspects related to TN shall be analysed in RAN4.
As per decision on the RAN#99 plenary, high power UE for NR NTN FDD FR1 band(s) were not considered in Rel-18. 
For Rel-19, it is very important to support FR1 high power UE for satellite access in order to improve UL coverage, availability and throughput performance, to meet the market demands associated with fixed wireless, public safety and automotive usage. The work should be carried out in a release independent manner for exemplary NTN bands.
Objectives
The objectives to support higher Tx power NR NTN UE are as follows:
· Taking exemplary FR1 bands n256, n255, the L/S band (UL: 1610-1626.5 MHz, DL: 2483.5-2500 MHz as standardized during Rel-18) and upcoming Extended L-band (UL: 1668-1675 MHz, DL: 1518-1525 MHz) into consideration to support PC2 (+26 dBm).
· Taking same exemplary bands as above into consideration to support PC1.5 (+29 dBm) and PC1 (+31 dBm) UE which are not targeted for smartphone form factor.

The analysis to be performed may be based on the analysis of RF and co-existence aspects, summarized in TR 38.863.

Working groups
RAN4, RAN1



Support of higher Tx power IoT-NTN capable UE
Justification
During the Rel-17 technical discussions an issue of applicable power classes was discussed, and it was agreed to focus on PC3 (+23 dBm) as a common terrestrial power class. However, there are more and more terrestrial bands that have PC2 (+26 dBm) and even PC1.5 (+29 dBm) power classes with the corresponding support at the UE side, which could also benefit the satellite communication. This issue was raised during the RAN#97 meeting, and it was concluded that TSG RAN would consider enabling high-power classes also for the NTN links.
In addition to the NR NTN technology, RAN#92 approved a Rel-17 Work Item to enable so-called IoT communication over the satellite links.   However, similarly to the NR NTN track, existing IoT NTN specifications do not allow operation with the Tx power higher than +23 dBm.  
Despite the link budget closing, IoT-NTN link budgets (both NB-IoT and eMTC) are still very much power starved, especially in the UL, making it difficult to satisfy all use cases and usage conditions, especially non-handheld use cases, without impacting system capacity. This is true for both GEO and NGSO deployment scenarios.
Satellite communication involves transmitting signals over long distances, which results in larger path loss. Therefore, NTN operation generally benefits from, and in some cases may require, high power UE to ensure that communication is available even in adverse conditions such as during severe weather events or natural disasters. High power UE can compensate for this loss, help improve UL coverage and performance and ensure reliable communication. 
Although repetitions are allowed in NBIoT, they are useful only in quasi-static channels, not in countering dynamic blockages, and come at the expense of significant system capacity. Furthermore, it can be noted that in IoT Terrestrial Networks (TN), the use of repetitions for UE in extreme coverage can be considered acceptable since typically only a limited subset of the UE population requires it.
In Non-Terrestrial Network deployments this is not true. Since the link budget is primarily dominated by the path loss between the UE and the satellite, the vast majority of the UE population in a cell will experience a similarly challenging link budget, therefore many UE, or at least for UE of a given class and with similar antenna characteristics, may have to employ repetitions. This impacts the UE battery life, and severely impacts NTN cell capacity, the latter compounded by the NTN cell size being much larger than TN [5].  
Higher TX powers, on the other hand, can help satellite operators delivering services without compromising on the system capacity.
It should also be noted that IoT NTN link budgets have so far been computed with a 0 dB antenna gain [1][2]. This was initially the case also for NR NTN, but the assumption was later revised to -5.5 dB to account for typical implementations for smartphones, which lead RAN1 to identify the need for coverage enhancements [3].  If instead, a more realistic average antenna gain is assumed for the typical low capability IoT UE, the need for higher TX powers to compensate may become even more obvious.
For a number of IoT NTN use cases, including automotive, maritime, logistics, outdoor industrial monitoring and other scenarios not reliant on battery power, such that the higher power requirements of PC2, PC1.5 and PC1 are not an power issue.
Lastly, for the satellite community, this should also be a good opportunity to better and more clearly align with the existing regulation and specs used by current satellite services (primarily MSS), such as ECC/CEPT and FCC, but not only, which typically allow significantly higher UE transmit powers even for handheld UE (e.g. satellite phones and trackers, which are different from smartphones), and operate in narrow-band spectrum. Therefore, regulation is not expected to be a barrier.

Objectives
Define new IoT NTN UE power classes with maximum output power (MOP) up to 31 dBm.
For eMTC IoT NTN UEs (Cat M1):
-	Specify support of UE Power class 2 (+26 dBm); 
-	Specify support of UE Power class 1.5 (+29 dBm);
-	Specify support of UE Power class 1 (+31 dBm);
For NB-IoT NTN UEs (Cat NB1, NB2):
-	Specify support for a new UE Power Class with MOP of +26 dBm; 
-	Specify support for a new UE Power Class with MOP of +29 dBm) ;
-	Specify support for a new UE Power Class with MOP of +31 dBm;

NOTE: IoT NTN UE Power Class 1 will not aim at smartphone form factors.

These new IoT NTN UE power classes are expected to be applicable to all FR1 IoT NTN bands, such as:
· Band 256;
· Band 255;
· Upcoming Band 254 (aka L/S band) currently being specified;
· Upcoming Band 253 (aka Extended L-band) currently being specified;

Consider revising assumptions on antenna gain for IoT NTN UE, to better align with NR NTN UE assumptions, at least for low-capability IoT devices which are similar to smartphones.
Coexistence analysis carried out in TR 38.863 might need to be re-examined:
1) Consider whether some assumptions on geographical separation between IoT NTN UE and Terrestrial Networks (TN) need to be revised at least for certain use cases and scenarios (e.g. automotive);
2) Consider whether the introduction of the new higher-power UE classes for IoT NTN warrants additional analysis taking into account the higher transmission power.
Furthermore, aspects related to Specific Absorption Rate (SAR) for smartphone applications, which may require analysis of the TX duty cycle, will need to be taken into account at least for Power Class 2 (PC2).
The UE TX PA architecture may need to be analysed at least for NB-IoT.
· It was noted that, whilst HPUE Power Classes exist for eMTC (Cat M1) in terrestrial FDD band specifications, this is currently not the case for NB-IoT (Cat NB1 and NB2), therefore this will be studied further, noting however that the current NB-IoT spectrum emission mask (SEM) already assumes a 26 dBm TX power. 
Working groups
RAN4


Support of bandwidth lower than 5 MHz for FR1
Justification
This feature is currently defined for Terrestrial Networks to cater for use-cases where there are spectrum limitation/constraints. Satellite deployments in L-Band and S-Band face the same constraints and would benefit from the work done in the Rel-18 WID « NR support for dedicated spectrum less than 5 MHz for FR1 » by extending support for NTN.
This feature should as much as possible build on the work done in the Rel-18 NR support for dedicated spectrum less than 5 MHz for FR1 WID , by extending support for NTN.
The NTN extension should support the 3 MHz NR bandwidth as agreed in the Rel-18 TN WID.

This feature will enable more efficient deployment of the FR1 NR NTN services in S-Band and L-Band where spectrum for satellite use is limited, for example:
· Facilitate deployment of NR NTN within the context of existing non-3GPP satellite services
· Lower bandwidth for NR will enable better use of spectrum resource by allowing higher frequency re-use between beams, increasing capacity.
· Maximizing capacity for a given region requires the deployment of many spot beams, within satellite power constraints. To mitigate the inter-beam interference requires high frequency re-use which is more difficult to achieve with 5 MHz beams.
· Enable deployment of both NR and standalone NB-IoT/eMTC carriers in the same 5 MHz Bandwidth to enable parallel support of both eMBB and IoT services.
· Allowing more flexibility in deployment where spectrum allocation is irregular (not in the nX5 MHz)
· Smaller channel BW also helps with link budget in situations where the payload is EIRP-limited
· Allow for optimizing capacity vs demand in each spot beam.
 
Objectives
The aim will be to re-use the work done in TN Rel-18 NR support for spectrum less than 5 MHz and focus on the RAN4 requirements for NTN:
· Specify support for UE channel bandwidth less than 5 MHz for NR NTN FR1 bands [RAN4]
· Support for transmission with 12 PRB and 15 PRB, with priority for 12 PRB.
· Re-use the same assumptions as adopted for terrestrial, in respect to maintaining current PSS/SSS without puncturing, reusing the PBCH design with puncturing and appropriate CORESET formats supporting 12 and 15 PRB transmission;
· Allow support of reduced bandwidth SSB and CORESET within a wider total system bandwidth, to allow the network to flexibly assign reduced bandwidth cells within a wider system BW
· If necessary, specify any additional RF requirements for supporting 3 MHz channel bandwidth in NTN FR1 bands n255, n256, n254 and upcoming n253 (Extended L-band with UL: 1668-1675 MHz, DL: 1518-1525 MHz) [RAN4]

Working groups
RAN4

in-band NB-IoT
Justification
NTN NB-IoT has been defined in Rel-17 and there has been successful demonstration of NTN capable devices. To support growth NTN NB-IoT it is necessary to further improve and encourage the network deployment with NTN NR operation. NB-IoT in-band operation co-existence with NR allows the configuration of the DL/UL resource reservation on non-anchor carriers for unicast transmission to avoid resource overlapping with NR channels/signals. In leveraging the co-existence work in TN, three system scenarios have been studied and captured in TR 37.824:
•	For NB-IoT operation in NR in-band, RB alignment, power boosting and numerologies have been addressed. 
•	For NB-IoT operation in NR guard band, RF requirements will not be specified.
•	For NB-IoT standalone operation, based on coexistence study, it is concluded that there is no issue for NB-IoT standalone coexistence with NR.
Objectives
Specify for NTN NB-IoT in-band operation co-existence with NTN NR. 
· Investigate if the work done for TN in RAN1 can be leveraged - for the resource reservation for UL/DL FDD NB-IoT non-anchor carriers, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1].
•	Investigate NTN NB-IoT in-band, guard band and standalone operation co-existence with NTN NR [RAN4].
Working groups
RAN1, RAN4

Conclusion and Way forward
Proposal : Consider the above mentioned NTN related topics as part of its Rel-19 work plan :
· Specify High Tx power UE for both NR-NTN and IoT-NTN
· Specify Support of channel bandwidth lower than 5 MHz for FR1
· Specify Support on inband NB-IoT in NR NTN carriers
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