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In Rel-18 workshop, NTN (Non-Terrestrial Networks) evolution including both NR and IoT (Internet of Things) aspects was identified as one of the potential areas for further email discussion. A large number of different enhancements were proposed, e.g. regenerative satellite with/without inter-satellite link, coverage enhancement for commercial smart phones, multi-connectivity and carrier aggregation, UE without GNSS, NTN network based positioning, etc. Clearly, there is a need to do some further prioritization. 
According to the latest email discussion on Rel-18 NTN, it seems that the following high level principles from the moderator summary for general high-level views in [1] is agreeable:
The general consensus is to keep the Rel-18 scope limited and to focus on necessary enhancements and new functionalities based on deployment scenarios, optimizing performance, and use cases based on clear commercial needs.
In the Rel-18 email discussion for RAN#93e preparation, HAPS was also discussed. According moderator summary [2], there is an option to have an objective specific to HAPS added in a potential Rel-18 WI on NTN:
There is support among many companies for a study on HAPS deployment and configuration scenario(s), that may not be addressed by the current work on NTN. However, multiple companies think that a separate study is not needed. To address concerns regarding adequate coverage of HAPS, an objective specific to HAPS can be added to a potential Rel-18 WI on NTN with the objective covering any standard changes that may be necessary specifically for HAPS deployments and configurations. In addition, TR 38.821 can be updated based on the HAPS-specific deployment and configuration aspects identified as part of this work. The objectives that had wider support as part of this discussion are provided below in case there is further discussion on work in HAPS for Rel-18 either as part of an objective within work for NTN or as a separate study
In this contribution, we share our views on the candidate proposals for Rel-18 NTN (including HAPS) taking into account the outcome of latest email discussion and the general consensus to focus on necessary enhancements with clear commercial motivations.
Outcome of Rel-18 email discussion
Based on the email discussion, the candidate proposals are categorized as “non-controversial topics” and “controversial topics”. The rest of the topics are categorized as “Topics covered elsewhere” since they are either covered by other topic in another thread or within another topic within this thread. A summary of the moderator’s proposal is provided in Table 1 and the detailed moderator summary and conclusions can be found [1].
[bookmark: _Ref81574821]Table 1 Summary of Rel-18 email discussion on NTN evolution
	Evolution of NR NTN 
	Non-controversial Topics
	1) Coverage enhancements
2) NR-NTN deployment in above 10 GHz bands and support for VSAT/ESIM NTN UE
3) NTN-TN and NTN-NTN mobility and service continuity enhancements
4) Network based UE location

	
	Controversial Topics
	5) NTN-NTN asynchronous multi-Connectivity & Carrier Aggregation
6) Support of MBS
7) Regenerative Payload with Inter-Satellite Link (ISL)
8) Enhanced beam management
9) Study of DL PAPR reduction (new waveforms should not be considered in Rel-18)
10) Study of UE without GNSS
11) Spectrum re-use/sharing:
12) RedCap extensions to NTN

	
	Topics covered elsewhere
	13) Power reduction for NTN devices
14) Introduction of new bands in release-independent manner

	Evolution of IoT NTN
	Non-controversial Topics
	1) IoT-NTN Enhancements in Rel-18 to address remaining issues from Rel-17
2) Mobility enhancements
3) Further enhancement to discontinuous coverage

	
	Controversial Topics
	4) Support for store-and-forward on-board NTN payload

	
	Topics covered elsewhere
	5) Preconfigured Uplink Resource
6) Power reduction for IoT NTN devices
7) Introduction of new bands in release-independent manner
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Evolution of NR NTN
Coverage enhancement 
There is wide support of coverage enhancement in Rel-18 NTN targeting low-rate data (e.g. messaging) and voice support for commercial smartphone use cases. Some of the key challenges include practical antenna gain of commercial smart phones and polarization loss. Similar to the other coverage enhancement activities, the first step is to agree on the deployment scenarios and target service data rate so that the performance gap can be identified. To minimize the specification impact, the technologies specified in Rel-17 coverage enhancement work item should be taken into account. In addition, the NTN specific channel characteristics should also be taken into consideration. 
During the email discussion, there are proposals related to both DL and UL performance enhancement. According to link budget analysis, DL does not seems to be the bottleneck. To keep a reasonable scope of the study, it would be good to focus on UL considering that the satellite transmit power is much larger than the UE. 
Proposal 1: For coverage enhancement for smart phones, the first step is to agree on the deployment scenarios and target service data rate. It would be good to focus on UL for NTN coverage enhancement. 
NR-NTN deployment in above 10 GHz bands and support for VSAT/ESIM NTN UE
Support of NTN deployments in above 10 GHz bands would extend the scenarios that can be addressed by NR NTN. In RAN#92-e, it was agreed to start work in RAN4 after March 2022 considering Ka band as candidate example band once FR1 NTN coexistence study is stable enough. In addition to the work in RAN4, the support of NTN deployment in above 10 GHz bands would require some efforts in RAN1 as well:
· Physical layer parameters such as SCS for SSB, data channels 
· Beam management in FDD bands considering the characteristic of satellite beams, e.g. large beam foot print size
Beam management in FDD bands has not been studied before since the current beam management schemes in FR2 assumes TDD bands. In addition, the characteristic of satellite beams which typically have a large beam foot print size are quite different from the beams in terrestrial network FR2, which are typically very narrow and susceptible to blocking. It is not clear whether the satellite beam is more similar to FR1 or FR2. 
It should also be noted that there is some ongoing discussion in Rel-17 to enable more efficient satellite beam switching with reduced measurement and reporting effort in case of LEO deployment. “Enhanced beam management” was listed as one of the controversial topics according to the moderator summary and the recommendation is to performance some gap analysis to identify whether the current beam management framework is sufficient. 
Proposal 2: NR-NTN deployment in above 10 GHz bands and support for VSAT/ESIM NTN UE are considered in Rel-18. Whether beam management should be included as part of the work should be further clarified.
NTN-TN and NTN-NTN mobility and service continuity enhancements
The current NR mechanism can be reused to support the cell-(re)selection/handover between NTN-TN and NTN-NTN. Some candidate solutions such as location based CHO or timing based CHO have also been proposed in Rel-17. This of course does not preclude new enhancements if new issues are identified in Rel-18. However, it should also be noted that the candidate proposals are still in a very high level and it is not clear what issues the potential enhancements are really targeting.
Proposal 3: For NTN-TN and NTN-NTN mobility and service continuity enhancements, clarify the deployment scenario and potential issues before proceeding with the detailed enhancement.
Regenerative satellite and ISL
Rel-17 NTN only specifies satellite with transparent payload. The main motivation to support regenerative payload with Inter-Satellite Link (ISL) is to extend the service coverage to areas where gateway cannot be deployed, e.g. deep-sea maritime area. From physical layer point of view, most of solutions specified in Rel-17 can be applied to regenerative satellite directly or with small adaptations such as UL timing synchronization, RAR start window, etc. Other enhancement such as multi-satellite coordination can also be considered to make the best of on broad processing and ISL. From higher-layer point of view, the main specification impact is to specify the network architecture for the regenerative satellite including possible down-selection. There may be some potential optimizations on setup/release/resume (for e.g. NG interfaces) due to feeder link switch. It should be noted that there are already some studies in Rel-16 [1] on two network architecture options (except the IAB-like satellite which can be of low priority for Rel-18). 
During the email discussion, it seems that there is some disagreement on the specification impact of Inter-Satellite Link (ISL) in particular on whether the interface between the ISL should be specified. Our view is that there is no need to specify the lower layer protocols for the ISL, i.e. transport layer protocol is clearly out of the 3GPP scope. However, it should be clarified whether there is any impact on higher-layer.  
Proposal 4: Prioritize regenerative payload with Inter-Satellite Link (ISL) in Rel-18 and further clarify whether there is any higher layer specification impact of ISL. 
NTN Network based positioning
Network based UE location is listed as one of non-controversial topics. However, there are some different views with respective to the motivation to introduce the feature. 
· According to some companies, the main motivation is to fulfil regulatory requirements for regulated services (e.g. lawful intercept, emergency communications, public warning service) as well as handling of requirements where law enforcement apply that the network shall be able to provide a “reliable” UE location (either network verified or network provided). 
· According to some other companies, NTN based positioning can be used to support UE without GNSS capability. However, this motivation is questionable since the UE would need to get access to the core network in order to perform RAT dependent positioning. It is impossible to provide UE location information before getting access to the network.
Therefore, it will be good to first clarify the motivation of Network based UE location. In addition, similar to other positioning studies, it is critical to understand the positioning accuracy requirement. According to our understanding, there is no clear requirement for regulated services (e.g. lawful intercept, emergency communications, and public warning service) within SA1, which makes it difficult to start the work. It should also be noted that NTN Network based positioning would require comprehensive study efforts in RAN1. From technique expertise perspective, it is proper to organize the study under positioning topics which is already crowded. From workload point of view, it may not be proper to be prioritize this topic. Quite some companies expressed similar view during the email discussion. 
Proposal 5: Deprioritize NTN Network based UE location in Rel-18.
UE without GNSS
In Rel-17 NTN, the GNSS capability is a fundamental assumption for various aspects of both physical layer and higher layer designs. 
· From physical layer perspective, UE replies on GNSS acquired position and satellite ephemeris to perform UL time and frequency compensation. 
· From higher-layer perspective, UE location is mandatory for UE to get access to the core network, i.e. the user location is needed for RAN to select the AMF CN. In addition, most of the mobility enhancements are based on the assumption that the UE has its location information. 
Several concerns have been raised with respect to the support of UE without GNSS in Rel-18
· From cost perspective, there is no strong motivation since almost all commercial smart phones have GNSS capability. 
· Some companies mentioned for indoor scenarios GNSS availability may become an issue. However, it is not clear whether this is a typical application scenario we should address by NTN. 
· From backward compatibility perspective, a Rel-18 UE without GNSS cannot get access to Rel-17 NTN networks which assume all UEs have GNSS capability.
· More importantly, in Rel-17 NTN, UE location is mandatory for UE to get access to the core network. If UE does not have position information, it is not clear how the UE can even get access to the network. Note that NTN based positioning cannot help here since the UE will need to first to get access to the network in order to get the UE location from LMF.
Proposal 6: Deprioritize UE without GNSS in Rel-18.
Evolution of IoT NTN
IoT-NTN Enhancements in Rel-18 to address remaining issues from Rel-17
According the discussion, there was some general consensus to focus on small enhancements based on existing features and to further discuss the details of the functionality that was not part of Rel-17 IoT NTN WI and to limited IoT-NTN scope in Rel-18 by focusing primarily on remaining issues from Rel-17 and incorporating relevant enhancements from Rel-17 NR-NTN. 
On the detailed enhancements, it may be arguable whether some of the enhancements belong to the Rel-17 leftovers or not. There are essentially three categories
· The features that are part of Rel-17 IoT NTN WI but not specified due to time constraints
· The features that are not part of Rel-17 IoT NTN WI but were discussed during the SI phase 
· The features that are not part of Rel-17 IoT NTN WI and not discussed during the SI phase
It may be less controversial to specify the features belonging to the first category. For features belonging to the second and third category, there is still a need to some careful prioritizations based on the necessity and commercial needs. 
Proposal 7: For IoT-NTN Enhancements in Rel-18 to address remaining issues from Rel-17, prioritize the features that are part of Rel-17 IoT NTN WI but not specified due to time constraints.
Further enhancement to discontinuous coverage
During the email discussion, there were different views on whether the support of discontinuous coverage should be discussed together with store-and-forward on-board NTN payload. Strictly speaking, they are not necessarily coupled. The support for store-and-forward on-board NTN has a much more significant specification impact on RAN as well as SA and CT. 
For the support of discontinuous coverage, it was under discussion in Rel-17. In RAN2#115-e, it was confirmed that discontinuous coverage without excessive UE power consumption and without excessive failures/recovery actions will be supported. Satellite assistance information will be used by the UE for predicting coverage discontinuity. RAN2 sends an LS to SA2 and CT1 for the possible alignment work in their specification due to the support of discontinuous coverage. In SA2, there were also some discussions and it seems that companies realize that there is a fundamental UE reachability issue which have a big impact on core network. Therefore it was decided that discontinuous coverage will not be supported in Rel-17 [3]. Of course, this does not preclude the further discussion in Rel-18. 
Proposal 8: For further enhancement to discontinuous coverage, coordinate with SA and CT on whether and how it will be supported in Rel-18.
HAPS 
According the moderator summary in [2], it was recommended that further discussion on HAPS in Rel-18 should consider 
· whether an objective specific to HAPS can be added to a potential Rel-18 WI on NTN with the objective covering any standard changes that may be necessary specifically for HAPS deployments and configurations and 
· whether TR 38.821 can be updated based on the HAPS-specific deployment and configuration aspects identified as part of this work.
The moderator has recommended the following objectives as a starting point in case there is further discussion on work in HAPS for Rel-18 
· Development of HAPS deployment and configuration scenario(s), which are not studied and missing in TR38.821.
· Determination of HAPS scenario(s) (RAN1/4)
· Co-ex study with other HAPS and/or TN, i.e., leftovers from Rel-17 including frequency sharing between TN and NTN (RAN4)
· Mobility, beam management and interference study considering spectrum (RAN1/2)
· Applicability of TDD [from remote interference PoV] (RAN1)
· Applicability of regenerative and transparent payload (RAN2/3)
HAPS by its nature belongs to non-terrestrial network. The support of regenerative satellite with ISL will benefit HAPS as well. The mobility aspects in HAPS also share some similarities to regenerative satellite. 
Proposal 9: For further work on HAPS, consider the possibility to include the work as a dedicated objective in Rel-18 NTN, including updating 38.821 based on the HAPS-specific deployment and configuration

Conclusion
In this contribution, we present our views on the potential works for the NR NTN and IoT NTN in Rel-18. The following proposals are presented:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For coverage enhancement for smart phones, the first step is to agree on the deployment scenarios and target service data rate. It would be good to focus on UL for NTN coverage enhancement.
Proposal 2: NR-NTN deployment in above 10 GHz bands and support for VSAT/ESIM NTN UE are considered in Rel-18. Whether beam management should be included as part of the work should be further clarified.
Proposal 3: For NTN-TN and NTN-NTN mobility and service continuity enhancements, clarify the deployment scenario and potential issues before proceeding with the detailed enhancement.
Proposal 4: Prioritize regenerative payload with Inter-Satellite Link (ISL) in Rel-18 and further clarify whether there is any higher layer specification impact of ISL. 
Proposal 5: Deprioritize NTN Network based UE location in Rel-18.
Proposal 6: Deprioritize UE without GNSS in Rel-18.
Proposal 7: For IoT-NTN Enhancements in Rel-18 to address remaining issues from Rel-17, prioritize the features that are part of Rel-17 IoT NTN WI but not specified due to time constraints.
Proposal 8: For further enhancement to discontinuous coverage, coordinate with SA and CT on whether and how it will be supported in Rel-18.
Proposal 9: For further work on HAPS, consider the possibility to include the work as a dedicated objective in Rel-18 NTN, including updating 38.821 based on the HAPS-specific deployment and configuration.
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