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1. Introduction
In the past few years, NTN (Non Terrestrial Network) became more and more popular in the world. Since Rel-16, NTN became an essential feature in 3GPP, and more and more companies showed the interest to this topic.
In Rel-16 NTN Study Item, the reference scenarios identified and studied for NTN are listed in the table below:

Table-1: Reference scenarios

	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


NTN Rel-17 Work Item aims to work on a very basic version for NTN which supports LEO/GEO with transparent payload only, i.e. the scenarios A, C1, C2 in the table above. Even though, some of the use cases are not addressed or low prioritized, e.g. UE without GNSS capability, coverage enhancement, coordination between TN/NTN or between LEO/GEO. To make the NTN system works better, further enhancement seems necessary. 

Moreover, compared to transparent satellites, regenerative satellites could provide shorter latency for UE access. Considering CU-DU split or non-split, it could provide more flexible network deployment. By introducing the ISLs, gNBs on board the satellites could make better resource coordination via the ISL directly. Via the ISL, the coverage of the NTN system could be further extended.
In this contribution, we will provide our views on potential NTN enhancements in Rel-18.
2. Enhancement areas
2.1. Potential enhancements for transparent payload on top of NTN Rel-17 

Motivations for TN/NTN or LEO/GEO coordination enhancement:

· The coordination between TN and NTN is in the scope of NTN Rel-17 but has been low prioritized, whether need to make further enhancement, e.g. improve the service continuity is pending to the Rel-17 progress. 

· On top of the scope of release-17, LEO/GEO coordination could also be considered, the output of TN/NTN coordination could be taken into account. In that case, GEO could serve the UEs which do not have the strict QoS requirement on the latency and throughput, while the LEOs could provide higher throughput and shorter latency. Coordination between LEO and GEO could balance the load between LEO and GEO, and could make better usage of the resource for the whole NTN system.
· DC operation could be considered for TN/NTN and LEO/GEO scenarios to improve the throughput and reduce the service interruption, e.g. TN/GEO cell could be configured as MN while the LEO cell could be configured as the SN.

Motivations for beam management enhancement:
· Fast moving of LEO satellite will cause frequent beam switching, which incur much signaling overhead and reliability degradation. Deep combination of Beam and BWP is to be studied further to assist fast beam switching. In case of single layer beam deployment, beam switching would be much challenging. 
· For sake of power efficiency improvement, steering beam and spot beam are often used, however, due to non-continuous coverage, initial access and finer synchronization under spotting beam deployment in LEO scenario will be difficult. In order to balance power efficiency and beam connection performance, control beam and data beam splitting should be considered, in which control beam is used for initial access and data beam is used for data scheduling. 

Motivations for coverage enhancement:

· For handheld device, the UL transmission power is limited, and different environment impairments may cause signal attenuation, e.g. multipath, reflection, or board absorption. It is worthwhile to study if available NR coverage enhancement for TN is sufficient to guarantee UL performance for handheld UE.

· In satellite communication, weather conditions will impact the availability of network service. For example, rain or snow may cause signal strength degradation up to 10- 20 dBs. In order to improve network capability against weather condition, some potential enhancements can be considered.

Motivations for positioning enhancement:

· When satellite communication network is deployed, positioning service could be one value-added feature. Since GNSS network itself is one kind of satellite network, reusing NTN network for positioning and navigation could be one option to lift NTN value.  Leveraging the communication service and positioning service would be desired to make NTN network successful.

· When NTN network is able to provide positioning service for a RRC-IDLE UE or a RRC-connected UE, the UE is able to access to the NTN network and further conduct timing and frequency compensation. In this sense, it is necessary to study the techniques for timing and frequency compensation rather than relying on traditional GNSS signal. 

· Following the requirement of NTN network, it is necessary to investigate the performance of existing RAT dependent techniques and other network assisted positioning. If not meeting the commercial demand, further enhancement is needed.

Based on the discussion above, we assume some further enhancements could be considered on top of NR NTN Rel-17, as below: 

1. TN/NTN or LEO/GEO coordination

· PLMN/RAT selection/reselection strategy for Idle UEs.
· Procedures of the connected mode mobility between the RAT types, e.g. handover, redirection;
· Considering the service continuity for mobility between the PLMN/RAT types.
· Potential DC operation between TN and NTN, between LEO and GEO. (2nd priority)
2. Beam management enhancement

· Support the coupling of beam and BWP and beam switching enhancement 
· Support control beam and data beam splitting under spotting beam deployment
3. Coverage enhancement

· Improve transmission capability in bad channel conditions; 
· Consider UL coverage enhancement for handheld device.
4. Potential positioning enhancement
· Support initial access and time/frequency compensation via network assisted information, not relying on standalone GNSS signal;
· Evaluate the performance of RAT-dependent positioning in NTN case and consider potential enhancement if necessary.
Proposal 1: Further enhancements on top of Rel-17 NR NTN (transparent payload) seems beneficial, including TN/NTN or LEO/GEO coordination, beam management enhancement, coverage enhancement and potential positioning enhancement. 
2.2. Support of Re-generative payload and ISL 
Motivations for supporting of Regenerative payload and ISL:

· Regenerative network provide short latency and richer service.  Due to shorted link distance, the delay of air interface is obviously reduced. Moreover, when base station is deployed in satellite, some advanced service can be applied, like as mobile edge computing, temporary satellite data processing etc. that will enable NTN more competitive.

· Regenerative payload provides network deployment flexibility. When transparent payload is used, for each satellite, one corresponding gateway should be deployed on ground to connect the satellite and earth. If regenerative payload is adopted, if no gateway is available in some places, a satellite can send data signal via intermediate satellite to complete signal transmission. That will make NTN network robust against deployment conditional restriction. 
· Regenerative payload and ISL will enable uniting all space on-board communications, which will make the resource coordination between the gNBs much more efficient for handover and the other cases. For transparent payload, it is hard to receive other on-board station signal and make further processing. Satellite relying based on transparent payload is very limited, but for regenerative payload, it is possible to collect all possible signal sources, like HAPS, satellite, remote sensor, and then conduct further signal processing and relying.

Here we give some scenarios for example on supporting of regenerative payload, with or without CU-DU split, with or without ISL.
Figure 2-1 shows an example scenario of regenerative payload without ISL, without CU-DU split. It’s a very basic scenario for regenerative payload satellites. In this scenario, each satellite carries a gNB and connects to NTN GW and 5GC via the feeder link directly.
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Figure 2-1. Example of Regenerative payload scenario without ISL, without CU-DU

Figure 2-2 shows an example scenario of regenerative payload with ISL, without CU-DU split. In this scenario, the gNB could connect to the 5GC via the ISL and feeder link. The on board gNBs could comminute with each other via ISL no matter it has feeder link connection with the NTN GW. Therefore, gNBs could coordinate the radio resource via the ISL directly, which will make the resource coordination more efficiency in case of handover preparation or any other use case. 
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Figure 2-2. Example of Regenerative payload scenario, with ISL, without CU-DU

Figure 2-3 shows an example scenario of regenerative payload with ISL, with CU-DU split, and support IAB like relay. In this scenario, each satellite carries an IAB node, and connects to the donor gNB on ground via the feeder link and ISL. Except the satellites, the IAB node could be deployed on airplanes, trains, ships, towers on ground, etc. Such nodes could provide easy connection for the UEs.
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Figure 2-3. Example of IAB like Regenerative payload scenario

The scenarios above are just the examples, not limited to those, the potential scenarios and use cases should be further studied.
To support the scenarios for regenerative payload, we assume the main work is the network architecture aspects, including the scenarios and use cases, the maintenance of NG/Xn/F1 interfaces in different scenarios. For the other aspects, we assume the NR NTN could be taken as baseline, and we should further discuss the necessary enhancement if any on top of it.  
Base on the discussion above, we would propose to support regenerative payload and ISL for NR NTN in Rel-18, details are as below:

1. Network architecture aspects:
· Scenarios and use cases to support re-generative payload(w or w/o CU-DU split, w or w/o ISL).
· Maintenance of the NG/F1/Xn interface via the feeder link, especially for the NGEO satellites.
· Maintenance of the NG/F1/Xn interface via the ISL.
· Considering the support of network relaying via the ISLs, IAB like architecture could be take into account. (CU-DU split and IAB like topology could be 2nd priority, or could be further worked in the future release)
2. To identify necessary enhancement/adaption to support Regenerative payload on top of the NR NTN Rel-17 including physical layer enhancement, control plane enhancement, user plane enhancement, etc.
Proposal 2: It’s beneficial to support Regenerative payload and ISL, which could make network deployment for NTN network more flexible and efficient. 
2.3. Support of Satellite backhauling 

Support of satellite backhauling is the simplest way to integrate satellite into 5GS, which makes the deployment of the NTN more feasible and flexible, and allows the legacy NR UEs to access to the NTN system.

In fact, SA2 already tried to support satellite backhauling in Rel-17, but the developed solution only works for some basic satellite backhauling scenarios due to lack of corresponding study in RAN. Recently, SA1 approved a Rel-18 proposal in S1-211373, aiming at enabling of additional satellite backhaul scenarios, the example scenarios are illustrated in the figure below:
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Figure 2-4. Example of satellite backhauling scenarios

In Rel-18 NTN system,  we propose to also consider the support of satellite backhauling according to the inputs from SA1 and SA2. We assume the NG-RAN should be involved for, e.g., the Selection of the backhaul(s), switching between the backhauls, change of the backhauls, or something else. Detailed RAN impacts of comprehensively supporting kinds of satellite backhauling scenarios need further study by cooperating with SA2.

Proposal 3: It’s beneficial to study satellite backhauling scenarios/requirements identified by SA1, and cooperation with SA2 is required. 

3. Summary
This contribution presented our views on the potential works for NR NTN in Rel-18. From our perspectives the following items could be considered in Rel-18 work with high-priority. 
Proposal:

· Further enhancements on top of Rel-17 NR NTN (transparent payload) seems beneficial, including TN/NTN or LEO/GEO coordination, beam management enhancement, coverage enhancement and potential positioning enhancement.
· It’s beneficial to support Regenerative payload and ISL, which could make network deployment for NTN network more flexible and efficient.
· It’s beneficial to study satellite backhauling scenarios/requirements identified by SA1, and cooperation with SA2 is required.
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