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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, both regenerative payload and transparent payload architectures are studied, 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 and Rel-18 WIs, only the LEO/GEO with transparent payload are specified, i.e. the scenarios A, C1, C2 in the table above. To make the NTN deployment more flexible, make the resource coordination more efficient, it’s beneficial to support regenerative payload architecture and the ISL in Rel-19.
In R17 discussion, beam management doesn’t consider wide-area coverage case from beam hopping perspective, hence, no effective solution specified. However, in realistic deployment, one satellite may need more beams to cover all areas to provide better user experience, but it will put significant challenges to power consumption at satellite. Thus, we provide our views on the enhancement of beam management for NTN in Rel-19 to extend the NTN deployment.
In this contribution, we provide our initial thoughts on the most essential enhancement areas for NTN in Rel-19.
Discussion
Support of Re-generative payload and ISL 
Motivations for supporting of Regenerative payload and ISL:
1. 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.
2. Regenerative payload provides network deployment flexibility. 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. When transparent payload is used, for each satellite, it has to connect to the NTN-GW deployed on the ground to make support of the transparent payload. The situation is different when regenerative payload is adopted, even if no NTN-gateway is available in some places, e.g. over the sea, a satellite can send data signal via intermediate satellite via ISL to complete signal transmission. That will make NTN network robust against deployment conditional restriction. 
3. Regenerative payload and ISL will enable uniting all space on-board communications, which could make the resource coordination between the gNBs much more efficient for handover and the other cases. 
4. Regenerative payload and ISL make it possible/easier to support the new functionalities, e.g. store and forward as been specified by SA1/SA2, support of TDD in NTN.  
Here we provide some architecture options as example on supporting of regenerative payload, with or without CU-DU split, with or without ISL.
Figure 2-1 shows an example architecture option of regenerative payload with gNB on satellite, without ISL. It’s a very basic option for regenerative payload satellites. In this scenario, each satellite carries a gNB and connects to NTN GW and 5GC via the feeder link directly.


Figure 2-1. Example of Regenerative payload scenario, full gNB on satellite, without ISL.
Figure 2-2 shows an example architecture option of regenerative payload with gNB on satellite, and with ISL. In this option, 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. 


Figure 2-2. Example of Regenerative payload scenario, full gNB on satellite, with ISL.
Figure 2-3 shows an example architecture option of regenerative payload with CU-DU split, where the gNB-DUs are on board the satellites, they are connected to the gNB-CU on ground via the feeder link. ISL is not considered in this option.


Figure 2-3. Example of Regenerative payload scenario, gNB-DU on satellite, without ISL.

Figure 2-4 shows an example architecture option of regenerative payload with CU-DU split, with ISL, and support IAB like relay. In this option, each satellite works like 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.


Figure 2-4. Example of IAB like Regenerative payload scenario
The scenarios above are just some typical architecture options, some other hybrid options are not precluded. However, we should start from the most basic ones as shown above.

According to the ISL (inter satellite link) as mentioned above, it could be applied between the LEOs, between GEO and LEO, between LEO and HAPS, or others. ISL between LEOs could make resource coordination more efficient between the on board gNBs, ISL between GEO and LEO could make it possible to coordinate between GEO and LEO, same story for HAPS.
On the RAN impact to support ISL, we understand it’s related to which regenerative option to go:
· If we only consider full gNBs on board, we could treat ISL as a kind of transport layer, no specific RAN impact is foreseen.
· the Xn interface, maybe also NG interface could be carried via the ISL. ISL carries NG interface in case of a satellite (gNB on board) could not connect to a NTN-GW due to the long distance between each other. 
· If we consider CU-DU split, and consider IAB like relay in NTN system (as shown in the figure 2-4), we assume the ISL should be a NR-Uu, and RAN1~RAN4 need to further investigate how to support the ISL. (More complex, could be consider in the future release if needed)

Base on the discussion above, we would propose to support regenerative payload and ISL for NR NTN in Rel-19, details are as below:
1. Network architecture aspects:
· Prioritize the full gNB on satellite case, with/without ISL should be considered.
· Maintenance of the NG/Xn interface via the feeder link should be specified, especially for the NGSO satellites.
· Maintenance of Xn between the satellite gNBs.
· Consider the CU-DU split case, where gNB-DU on satellite, and without ISL.
· Maintenance of the F1 interface via the feeder link should be specified, especially for the NGSO satellites.
· CU-DU split and IAB like topology could be 2nd priority, or could be further worked in the future release.
2. To identify necessary enhancements/adaptions to support Regenerative payload on top of the NR NTN Rel-17/Rel-18 including network architecture aspects, e.g. the interface maintenance, and the potential impact to physical layer, user plane enhancement, etc.

Proposal 1: Support Regenerative payload and ISL for NTN in Rel-19
· Prioritize the full gNB on satellite case, with/without ISL should be considered.
· Consider the CU-DU split case, where gNB-DU on satellite, without ISL.
· CU-DU split and IAB like topology could be 2nd priority, or could be further worked in the future release.
· Identify and specify the necessary enhancements/adaptions to support the selected regenerative payload architecture option(s).

Enhancement on Beam management 
In R17 NTN discussion, beam management doesn’t consider wide-area coverage case very well, hence, no effective solution specified. However, in realistic deployment, one satellite may need more beams to cover all areas, but it will put significant challenges to power consumption at satellite. As a consequence, a satellite may have to be configured with few beams to provide limited coverage with beam hopping. When mobile phone accessing satellite becomes main use cases, legacy beam strategy can’t satisfy the new requirements. UE should be allowed to access the network at anywhere and anytime. In order to make R17 NTN adapted to more deployment scenarios, it is very necessary to develop new beam management solutions.
In general, the drawbacks of R17 NTN beam configuration include two aspects:
· Initial access limitation caused by the limited SSB number and only one initial BWP 
· In-flexible beam switching for LEO system 
Current SSB index number is a bit limited, which can’t improve wide coverage through beam sweeping. In satellite scenario, physical beam number is limited and each beam is only covering relatively narrow area in one moment, so the logical beam index should be extended to support more beam directions. In low frequency band, the beam number (SSB maximum index) is 4 or 8, far less than required beam number. Actually one satellite may be required to cover more than one thousand beam areas in one typical LEO scenario, shown in the figure 3. Therefore, more beam indexes should be supported within one cell.
Moreover, when the carrier bandwidth is larger, only one initial BWP is allowed to configure, that makes initial access over-crowded. UE has to camp another active BWP after RRC connection. It should allow multiple initial BWPs within one carrier to provide more access opportunities. 


Figure 3. Beam extension for a satellite
For beam switching, there are two problems in R17 NTN. First problem is that beam switching is only allowed within one BWP, not supporting beam switching and BWP switching together. In other words, BWP and beam can’t be coupled to support inter-frequency beam layout. In satellite scenario, when one UE switches from one beam to another beam, it is better to allow adjacent beam configured with same BWP or different BWP. The second problem is lack of fast beam switching mechanism, which degrades latency and reliability of beam switching. Due to frequent beam switching in LEO system, it should develop simpler and faster beam switching solution, e.g. UE initiated beam switching or location based beam switching.
Proposal 2: Beam enhancement on initial access and beam switching in RRC connected state should be considered to enable NTN deployment more flexible.  

Summary
This contribution presented our views on the essential enhancement areas to be considered in NTN Rel-19. From our perspectives the following items could be considered in Rel-19 work with high-priority. 
Proposal 1: Support Regenerative payload and ISL for NTN in Rel-19
· Prioritize the full gNB on satellite case, with/without ISL should be considered.
· Consider the CU-DU split case, where gNB-DU on satellite, without ISL.
· CU-DU split and IAB like topology could be 2nd priority, or could be further worked in the future release.
· Identify and specify the necessary enhancements/adaptions to support the selected regenerative payload architecture option(s).
Proposal 2: Beam enhancement on initial access and beam switching in RRC connected state should be considered to enable NTN deployment more flexible.  
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