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[bookmark: _GoBack]Introduction
In the past few years, NTN (Non Terrestrial Network) became a more and more popular technology. Since Rel-16, NR NTN became an essential feature in 3GPP, and more and more companies showed the interest on this topic. In Rel-17, the basic functionalities were supported on top of transparent payload architecture, e.g. synchronization, mobility management. In Rel-18, some further enhancements are under discussion, e.g. mobility enhancement, UL coverage enhancement, UE location verification.
In this contribution, we provide our initial thoughts on the potential evolution areas for NR NTN in Rel-19.
Discussion
1.1. Support of Re-generative payload and ISL 
Motivations on support 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.  
On support of regenerative payload, we provide some architecture options as below, and we will introduce them one by one.
Figure 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 1. Example of Regenerative payload scenario, full gNB on satellite, without ISL.
Figure 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. Example of Regenerative payload scenario, full gNB on satellite, with ISL.
Figure 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 3. Example of Regenerative payload scenario, gNB-DU on satellite, without ISL.
Figure 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 4. Example of IAB like Regenerative payload scenario
The scenarios above are just some typical architecture options, the 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.
· If we consider IAB-like architecture in NTN (as shown in the Figure 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:
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.
· IAB-like architecture is taken as 2nd priority, or to be further worked in the future release.
· Identify and specify the necessary enhancements/adaptions to support the selected regenerative payload architecture option(s), e.g. maintenance of the NG/Xn/F1 interface(s) over the feeder link.

1.2. Mobility enhancement aspects 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]For the mobility enhancement, lots of aspects have been discussed and supported in Rel-17 and Rel-18. For example, time-based/location-based measurement triggering and CHO for NTN-NTN mobility, and TN coverage information broadcast in NTN cell for NTN-TN IDLE/INACTIVED UE mobility. And in RAN2# 122 meeting, the issue of provision of NTN neighbor cell info in TN cell was discussed, to reduce the time of movement from TN to NTN network. But no conclusion was achieved because of no beneficial use cases were identified. 
For the use cases of mobility enhancement, we think the service continuity can be considered in the coverage non-overlapping scenario (for example, moving to/from ocean/desert from/to mainland), and the resources optimization can be considered in the coverage overlapping scenario (for example, to let appropriate UE/traffic be served by appropriate network). So we think the following objectives can be considered for further mobility enhancement of NTN in Rel-19:
· Specify handover enhancement from NTN to TN for RRC_CONNECTED UEs considering the quasi-earth-fixed cell and earth-moving cell
· Specify handover enhancement from TN to NTN for RRC_CONNECTED UEs considering the quasi-earth-fixed cell and earth-moving cell
· Specify cell reselection enhancements from TN to NTN for RRC_IDLE/INACTIVE UEs to reduce UE power consumption, if this is not specified in Rel-18
To improve the resource coordination between TN/NTN, we could consider:
· UE type based offloading: for example, delay tolerant or low priority UEs can be offloaded to NTN network, if the load of TN network is high
· Traffic based offloading: for example, broadcast traffic (paging or MBS) can be offloaded to NTN network, considering the very huge coverage scope of a NTN cell

As above, we would propose: 
Proposal 2: Considering the further mobility enhancements for TN/NTN:
· Support of RRC_CONNECTED mobility between TN/NTN, considering both quasi-earth-fixed cell and earth-moving cell.
· Considering more efficient resource coordination, e.g. UE-type based or Traffic based offloading.
· Specify cell reselection enhancements from TN to NTN for RRC_IDLE/INACTIVE UEs to reduce UE power consumption, if this is not specified in Rel-18.
1.3. DL Coverage enhancement
Regarding the DL coverage enhancement, it is necessary to improve it. There are several scenarios to be considered. In general, there are two aspects, one is related to UE transmission power or antenna gain of smart phone, and another is related to DL transmission power, especially in the case of multiple simultaneous beams. Besides, what we emphasize is GEO scenario, because there are multiple deployed GEO satellites being in operation, and how to activate the GEO to support low data rate services via NTN technology is very important.  
Based on the evaluation of R17 [3], the SINR gap is clear if GEO satellite is to be supported. Detailed results are shown as the follows:
Table 1:   DL SNR gap for GEO case
	Physical Channels
	PDCCH
	SSB
	PDSCH

	Threshold(dB)
	-11
	-4
	-6.2

	SINR gap for GEO in set 1 of 38.821
	√
	-3.9
	-1.7

	SINR gap for GEO in set 2 of 38.821
	-2.23
	-16.65
	-7.58



Observation 1: It is necessary to have further evaluations for DL physical channel to identify the SINR gap in order to support GEO with handheld UE.
[bookmark: _Toc125634002]Furthermore, in Rel-18, there is one on-going work item “NR support for dedicated spectrum less than 5MHz for FR1”，in which narrow bandwidth can be shrunk to 3Mhz. It is obvious that when DL bandwidth becomes narrow, the SINR will be increased. In this sense, for GEO scenario, when narrower band is used, the efforts to improve SINR with coverage enhancement will be saved at certain extent. Since in Rel-18 the WI of less than 5Mhz will be finished, the DL coverage in Rel-19 can leverage existing techniques for performance evaluation.
Observation 2: Using less bandwidth in DL is beneficial to support DL performance.  
Proposal 3: DL coverage enhancement needs to consider GEO scenario.  

1.4. Enhancement on control beam sweeping  
In R17 NTN discussion, beam deployment doesn’t consider wide-area coverage case, hence, legacy control beam mechanism is reused for initial access. For FR1, the maximum beam number (SSB maximum index) of one cell is 8, so it is hard to support wide area coverage because one satellite can’t allow a plenty of beams transmission simultaneously due to power limitation of on-board. Though in FR2, the SSB index can be extended to 64, however, it is not feasible to support mobile phone to access in high frequency band due to link budget limitation.
Considering one scenario of LEO-600km case, in order to support mobile phone to access the network for below 6GHz, typical beam diameter is less than 60km in terms of beamforming gain considering current antenna array design, then it will require more one thousand beams within the coverage of one satellite, shown in the figure 3. Suppose total beam zones of one satellite is 1024, If one physical beam for control channel is intended to cover 128 beam zones, it will need 8 beams transmission simultaneously.  If allowing 4 beams to cover entire satellite service area, the coverage ratio will be 50% or 25% for 128 sweeping times, which is illustrated in table 2.  
Actually sweeping times for one control beam can’t be increased infinitely. More beam sweeping time of one physical beam, longer delay and less resource occasion for each beam zone. Then it should one trade-off between beam sweeping time and coverage ratio. Another trade-off is power ratio between control beam and data beam. Nevertheless, from system design perspective, the power consumption of control beam should be minimized.


Figure 5. Beam extension for a satellite
Table 2:   Beam coverage calculation ( LEO 600km, FR1)
	Total beam zones
	Physical beam number
	Beam sweeping times for each beam
	Coverage ratio=
Physical beam number * beam sweeping  times/ total beam zones

	1024
	8
	128
	100%

	1024
	8
	64
	50%

	1204
	4
	128
	50%

	1024
	4
	64
	25%


Observation 3: Beam sweeping mechanism for control beam for below 6GHz is not sufficient to provide full coverage for one satellite.   
Regarding control channel capacity, it can be analyzed with more details. Based on current NR design, the essential channels of control beam include SSB, PRACH and SIB. If network knows the associated beam of one UE, it can schedule one data beam to serve this UE, and then the load to control beam is reduced accordingly. Hence, other channel capacity depends on the resource allocation at network side. For SSB and system information broadcasting, the capability is not one issue, just the delay difference for different user density. For PDCCH, one slot can schedule multiple PDCCHs transmission simultaneously, while for PUCCH, there are two ways to transmit it, one is specific PUCCH resource and another is using PUSCH carrying PUCCH content. Overall, it has no capacity bottleneck to extend beam sweep timers, except the delay increase. 
Another issue is the impact to current specification. For NR system, beam sweeping times are equivalent to beam number of SSB. When beam index in below 6GHz is extended, the related signaling for beam index indication of SSB will be re-designed. It might also impact the system information reception timing depending on how many SSBs are defined.
Proposal 4: Support SSB extension to support effective beam coverage in FR1.  
1.5. Support of new functionalities in NR NTN 
With the fast development of NTN in the near future, it’s more efficient to support Broadcasting services (e.g. public warning service, multimedia services) in NTN leveraging the coverage advantage of NTN, which could bring some commercial benefits for the NTN network. The use cases are shown with the figure below:
[image: ]
Figure 6: Support broadcasting services over NTN

Observation 4: Support of broadcasting services could leverage the coverage advantage of NTN, which could bring some commercial benefits for NTN.
Currently, more and more IoT services require the communication services. It’s assumed a very large quantity of the IoT devices with different capabilities to be deployed in the near future. In Rel-17 and Rel-18, the Redcap WI is under discussion for NR to allow the UEs with reduced capabilities to access in the network. 
Support of Redcap in NTN, which makes it’s possible to support various types of UEs in NTN, especially for the IoT devices. As shown in the figure below, some IoT services, e.g. monitoring of the electric power facilities, monitoring of oil pipelines, which could be supported by Redcap technology.
[image: ]
Figure 7: Example of IoT services, which could be supported by NTN + Redcap
In the areas lack of the TN network, the NTN is a good choice to support the IoT services with Redcap technology.
Observation 5: NTN with Redcap could support of a large quantity of IoT services well, which brings big commercial benefits for NTN.
On top of the discussion above, we would propose to support the MBS and Redcap to satisfy variety of commercial requirements.
Proposal 5: Considering the new functionalities to satisfy variety of commercial requirements in NTN:
· NTN + MBS, to support Broadcasting services (e.g. public warning service, multimedia services) in NTN. 
· NTN + Redcap, to make better support for various IoT services in NR NTN.
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.
· IAB-like architecture is taken as 2nd priority, or to 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: Considering the further mobility enhancements for TN/NTN:
· Support of RRC_CONNECTED mobility between TN/NTN, considering both quasi-earth-fixed cell and earth-moving cell.
· Considering more efficient resource coordination, e.g. UE-type based or Traffic based offloading.
· Specify cell reselection enhancements from TN to NTN for RRC_IDLE/INACTIVE UEs to reduce UE power consumption, if this is not specified in Rel-18.
Observation 1: It is necessary to have further evaluations for DL physical channel to identify the SINR gap in order to support GEO with handheld UE.
Observation 2: Using less bandwidth in DL is beneficial to support DL performance.  
Proposal 3: DL coverage enhancement needs to consider GEO scenario.  
Observation 3: Beam sweeping mechanism for control beam for below 6GHz is not sufficient to provide full coverage for one satellite.   
Proposal 4: Support SSB extension to support effective beam coverage in FR1.  
Observation 4: Support of broadcasting services could leverage the coverage advantage of NTN, which could bring some commercial benefits for NTN.
Observation 5: NTN with Redcap could support of a large quantity of IoT services well, which brings big commercial benefits for NTN.
Proposal 5: Considering the new functionalities to satisfy variety of commercial requirements in NTN:
· NTN + MBS, to support Broadcasting services (e.g. public warning service, multimedia services) in NTN. 
· NTN + Redcap, to make better support for various IoT services in NR NTN.
Reference
[1] TR 38.821 Solutions for NR to support non-terrestrial networks (NTN)
[2] RP-223534 Revised WID: NR NTN (Non-Terrestrial Networks) enhancements
[3] R1-2206386 Discussion on coverage enhancement for NR NTN, CATT
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