[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #113	R1-2304436
Incheon, Korea, 22nd – 26th May, 2023

Agenda item:		9.14.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Further discussion on self-evaluation methodology for 3GPP submission of IMT-2020 Satellite Radio Interface Technology
Document for:		Discussion and Decision

Introduction
In RAN1#112-bis meeting [1], several initial agreements have been made about the requirements and evaluation methodologies for IMT-2020 Satellite. The requirements mainly focused on the following aspects:
· Peak data rate
· Peak spectral efficiency
· User experienced data rate
· 5th percentile user spectral efficiency
· Average spectral efficiency
· Area traffic capacity
· Latency, including user plane latency and control plane latency
· Energy efficiency, including both network and device
· Mobility
· Mobility interruption time
· Connection density
· Reliability

One important aspect that has been left untouched which has direct impact on most of the above aspects is the satellite beam coverage pattern [2-Table 5.1-1]:

1. Semi-Static Earth Fixed Cell (EFC)
2. Earth Moving Cell (EMC)

In the EFC, when the satellite is moving the satellite beam coverage is held semi-static over a specific geographical area for a predefined coverage time (or alternatively defined by the minimum elevation angle with respect to cell reference point, which causes a given service time for an EFC), before being switched to cover and provide another geographical area with service. This can be achieved with NTN platforms generating steerable satellite beams which footprint is fixed on the ground. On the contrary, in EMC the satellite beams coverage is moving (scanning) on Earth’s surface with the movement of the satellite itself. Due to these fundamental differences between EFC and EMC, it is important to discuss their aspects and how they can be taken into account as part of the requirements and evaluation methodologies for IMT-2020 Satellite.
[bookmark: _Hlk510705081]Discussion
Considering the satellite beam coverage pattern impact on the IMT-2020 satellite evaluation can be seen as in the following:
Service coverage time and its impact on user/control plane latency and handover rate 
Given the fact that the service coverage time in EFC is longer compared to EMC, this will be reflected in longer user and control plane latencies when the satellite starts providing services once it raises above a minimum elevation angle and the latency will change dynamically until to the time the satellite moves below that minimum elevation angle threshold. These latency levels could be minimized on the cost-of-service time by increasing the minimum elevation angle, as shown in Figure 1.
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	[bookmark: _Ref134514600]Figure 1: EFC scenario examples with different service time ()


While on contrary, the latency levels are smaller in EMC compared to EFC, the handover rate is much higher as the cells coverage moves fade faster with satellite movement. Given that said and for a fair comparison the EFC minimum elevation angle α has to be disclosed within the list of evaluation parameters for IMT-2020 Satellite.
Proposal 1: EFC minimum elevation angle α has to be disclosed within the list of evaluation parameters for IMT-2020 Satellite when EFC is used.
The two different deployments EFC and EMC have each their advantages and drawbacks. However:
· EMC will in general have a better link budget due to the smaller propagation distances, as the elevation angles are equal to or larger than the case of EFC.
· EMC will lead to more mobility events. However, as shown in [5] this can be solved with the correct settings.
Therefore, we propose to focus first on EMC deployments
Proposal 2: The IMT-2020 Satellite work should focus first on EMC. EFC can be considered with a lower priority.
Feeder link switch 
An NTN GW connects directly to one or several satellites via Satellite Radio Interface (SRI) [3]. Moreover, a feeder link switch over can be performed using two distinct radio resources simultaneously to ensure a switch over without packet loss or at least with minimizing the risk of packet loss. This procedure is network originated. 
While in EFC, it is safe to consider that  the same feeder link is maintained over all service time and the feeder link switch will happen only during the satellite beam coverage switch. This is not the case in EMC, in which feeder link change may happen at any moment a new better gateway (feeder link) is better to be connected for in the course of satellite movement. In such a case of EMC and transparent payload, changing the feeder link means the change of gNB that the user is connected with. Such change could be seen as:
1. Hard switch:
The user will lose connection (interruption time) during the feeder link switch and maybe cell reselection/re-establishment will be triggered. Figure 2, shows such scenario:
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	[bookmark: _Ref134516590]Figure 2: Feeder link hard-switch for a transparent case [3]



2. Soft switch:
On contrary to feeder link hard switch, in soft switch the satellite maintains two feeder links which will overlap for short time, enough to let the network to handover the user from feeder link of gNB1 to feeder link of gNB2, as shown in Figure 3.
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	[bookmark: _Ref134516884]Figure 3: feeder link soft switch [3]


Given that resources of both gNB1 and gNB2 are now transmitted from the same Tx point and because the measured RSRP/RSRQ does reflect the full propagation path to the base station, but only the service link propagation, the user terminal will not be able to depend on measurements to trigger measurements reporting for handover [4]. The most straightforward solution is that the UE handover can be triggered by the serving gNB on Earth when it determines that a feeder link switch involving a gNB switch is about to occur. As the network has all the knowledge the network can trigger these handovers without UE measurements.
Proposal 3: The baseline scenario for system level simulations should be considering a single NTN gateway such that no feeder link switch needs to be modelled (while intra-satellite handovers may still be evaluated).
Proposal 4: For simulating more than one Gateway, the feeder link switch assumption of soft/hard from [3] should be disclosed in case of EMC with transparent payload within the list of evaluation parameters for IMT-2020 Satellite.
Observation 1: Feeder link delay has an impact on user and control plane latencies which will be reflected in the system performance. 
Proposal 5: For mobility simulations, RAN1 to decide the number of GW and a feeder link modelling that accounts for the variable feeder link propagation delay.

Conclusion
In this contribution we have outlined our observations and proposals, which are as follows:
Observation 1: Feeder link delay has an impact on user and control plane latencies which will be reflected in the system performance. 
Proposal 1: EFC minimum elevation angle α has to be disclosed within the list of evaluation parameters for IMT-2020 Satellite when EFC is used.
Proposal 2: The IMT-2020 Satellite work should focus first on EMC. EFC can be considered with a lower priority.
Proposal 3: The baseline scenario for system level simulations should be considering a single NTN gateway such that no feeder link switch needs to be modelled (while intra-satellite handovers may still be evaluated).
Proposal 4: For simulating more than one Gateway, the feeder link switch assumption of soft/hard from [3] should be disclosed in case of EMC with transparent payload within the list of evaluation parameters for IMT-2020 Satellite.
Proposal 5: For mobility simulations, RAN1 to decide the number of GW and a feeder link modelling that accounts for the variable feeder link propagation delay.
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