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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk521259925]During RAN#94-e and RAN#95-e meeting, a new work item is proposed to define further enhancements for NR NTN [1]. The justification and objectives that the work item focuses on are as follows
	Justification
In Release 17, a work item was carried out to define solutions enabling New Radio and NG-RAN to support Non-Terrestrial Networks (NTN):
· Transparent payload based GSO and NGSO network scenarios addressing at least 3GPP power class 3 UE with GNSS capability in both Earth fixed and/or moving cell configurations
As part of Release 18, a new work item is proposed to define enhancements for NG-RAN based Non-Terrestrial Networks in order to:Improve mobility aspects
· Support new scenarios to cover deployments in frequency bands above 10 GHz
· Offer optimized performance especially when addressing handset terminals (including smartphones with more realistic assumptions on antenna gains instead of 0 dBi antenna gain with the specific realistic antenna gain assumption to be determined at the working group level) w.r.t. coverage considering the NTN characteristics such as large propagation delay and satellite movement.Further enhance support for discontinuous coverage (subject to Rel-17 IoT-NTN status on discontinuous coverage at RAN#96e/June 2022)
· Provide mobility and service continuity enhancements considering the NTN characteristics such as large propagation delay and satellite movement.
· Address requirements, if needed based on the study outcome, which mandate the network operator to cross check the UE location reported by the UE, which needs to be carried out in order to fulfil the regulatory requirements (e.g., Lawful intercept, emergency call, Public Warning System, …) regarding a network verified UE location i.e., to be able to check the UE reported location information (e.g. estimate UE location at the network side) and specify if needed mechanisms to fulfil the regulatory requirements.
Objective
The work item aims at specifying enhancements for NG-RAN based NTN (non-terrestrial networks) according to the following assumptions with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios:
· GSO and NGSO (LEO and MEO) with transparent payload.
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS capabilities
· Both “VSAT” devices with directive antenna (including fixed and moving platform mounted devices and commercial handset terminals (e.g. Power class 3) are supported in FR1
· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.
Note: In Rel-17 WID, “VSAT” device with external antenna on moving platform is equivalent to a device that operate on platforms in motion, and this is referred to as ESIM.
The first objective is to study the coverage enhancement to NTN, including: 
The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.
Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):
· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals
The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.
· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.
RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.


In this contribution, we will share our views on some issues on coverage enhancement to NTN scenarios.
2. Discussion
2.1 Issue-1: Scenarios
As one motivation of the enhancement for NR NTN is to support the deployment scenarios including at least the following aspects
· GSO and NGSO (LEO and MEO) with transparent payload.
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS capabilities
· Both “VSAT” devices with directive antenna (including fixed and moving platform mounted devices and commercial handset terminals (e.g. Power class 3) are supported in FR1
· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.
In our view, it is feasible to extend the NTN services to support voice and low-data rate services for handheld terminals with the coverage enhancement of NR NTN, which is valuable in the following scenarios,
· [bookmark: _Hlk53734460]Wide coverage connection to guarantee anywhere connectivity to 5G network. In this case, service continuity between NTN and terrestrial network needs to be supported, i.e., UE may switch to terrestrial network if available due to lower power consumption.
· Remote areas with sparsely distributed terminals.
To comprehensively study multiple NTN scenarios with enhanced service capability, various deployment scenarios, evaluation methodology and simulation assumptions should be identified for NTN.
Proposal 1. Target deployment scenarios with identified evaluation metrics should be clarified for target services (i.e., VoIP and low-data rate services for commercial handset terminals).
2.2 Issue-2: NTN link budget
Reference parameters
In addition to considering various deployment scenarios and use cases, the link budget should be evaluated in line with the latest satellite parameters and UE characteristics. Furthermore, it is important to study and clarify the issues applicable to NTN application cover the use case of voice and low-data rate services using commercial smartphones. Thus, the possible reference parameters of additional UE performance should be aligned firstly.
From our view, at least the following characteristics need to be considered: 
· Antenna gains of commercial handset terminals. Single Tx/Rx antenna with linear polarization can be assumed with 3 dB polarization loss.
· DL/UL data rate for VoIP and low-data rate services of commercial handset terminals in NTN network.
Proposal 2. Link budget parameters of UE characteristics for NR NTN enhanced services need to be aligned for further evaluation.
On coverage
According to the previous link budget result, it can be observed that when additional loss (e.g., about 9 dB for carriage penetration or vegetation loss) is considered, CNR is extreme low. Thus the coverage target is up to link budget analysis for worse conditions including
· Rain and cloud attenuation
· Building entry loss, if indoor deployment is considered
· Carriage and container penetration loss for logistics application
· Vegetation loss for outdoor application
Proposal 3. Study and clarify the following issues applicable to the target services over NTN 
· The global frequency policy for satellite communication in both FR1 and FR2
· Link budget for worse conditions to guarantee anywhere connectivity to 5G network should be evaluated, including
· Rain and cloud attenuation
· Building entry loss, if indoor deployment is considered
· Carriage and container penetration loss for logistics application
· Vegetation loss for outdoor application
Proposal 4. Potential enhancement on the coverage for NTN services should be studied.

3. Conclusions
In this contribution, we share our views on some issues on coverage enhancement to NTN scenarios. The observations and proposals are summarized as follows:
Proposal 1. Target deployment scenarios with identified evaluation metrics should be clarified for target services (i.e., VoIP and low-data rate services for commercial handset terminals).
Proposal 2. Link budget parameters of UE characteristics for NR NTN enhanced services need to be aligned for further evaluation.
Proposal 3. Study and clarify the following issues applicable to the target services over NTN 
· The global frequency policy for satellite communication in both FR1 and FR2
· Link budget for worse conditions to guarantee anywhere connectivity to 5G network should be evaluated, including
· Rain and cloud attenuation
· Building entry loss, if indoor deployment is considered
· Carriage and container penetration loss for logistics application
· Vegetation loss for outdoor application
Proposal 4. Potential enhancement on the coverage for NTN services should be studied.
4. References
1. [bookmark: _Ref53491160][bookmark: _Ref53511278][bookmark: _Ref521162878][bookmark: _Ref23496549][bookmark: _Ref83712416][bookmark: _Ref86784880][bookmark: _Ref78875676][bookmark: _Ref30757894][bookmark: _Ref505867252][bookmark: _Ref505807368][bookmark: _Ref60817485][bookmark: _Ref521313643][bookmark: _Ref533782101][bookmark: _Ref71203205]RP-220953, NR NTN (Non-Terrestrial Networks) enhancements, RAN#95. 

- 9/11 -
