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1 Introduction
In recommendation ITU-R M.2083 – IMT Vision – Framework and overall objectives of the future development of IMT for 2020 and beyond, it is presented that various access technologies including a combination of different fixed, terrestrial and satellite networks should interwork in IMT-2020. Each component should fulfil its own role, but also be integrated with other components to provide service continuity as well as reinforced availability to achieve ubiquitous seamless coverage [1]. Given the similarities and differences between terrrestial and non-terrestial, the requirements and evaluation guidelines developed previously for the terrestrial component of IMT-2020 may be considered for the development of satellite radio interface(s) of IMT-2020 and modified considering specific satellite characteristics, such as modified throughput and user data rates, as necessary.
In this contribution we review the IMT-2020 satellite metrics, related minimum performance requirements and our expectation for their evaluation methodologies.
2 [bookmark: _Hlk510705081]NR Over NTN Self-Evaluation Methods and Performance Metrics
[bookmark: OLE_LINK1]The evaluation methodology for the systems simulations should follow the principles outlined in [2, § 7.1.2] of Report ITU-R M.2412 with needed adaptation [1]. Table 1, presents a modified version of the methodologies and metrics that are described in [2] in accordance with non-terrestial use cases.
[bookmark: _Ref131419087][bookmark: _Ref131419026] Table 1: Modified IMT-2020 Self Evaluation Methodologies and Metrics for NTN
	Evaluation Method
	Performance Metric
	Purpose of Evaluation

	Simulation
	Average Spectral Efficiency
	eMBB-s

	
	5th Percentile Spectral Efficiency
	eMBB-s

	
	User Experienced Data Rate 
	eMBB-s

	
	Connection Density
	mMTC-s

	
	Mobility
	eMBB-s

	
	Reliability
	HRC-s

	Analytical
	Peak Spectral Efficiency
	eMBB-s

	
	Peak Data Rate
	eMBB-s

	
	Area Traffic Capacity
	eMBB-s

	
	Control Plane Latency
	eMBB-s/ HRC-s

	
	User Plane Latency
	eMBB-s/ HRC-s

	
	Mobility Interruption Time
	eMBB-s/ HRC-s

	Inspection Based
	Bandwidth
	N.A.

	
	Energy Efficiency
	eMBB-s

	
	Support of wide range of services
	N.A.

	
	Supported spectrum bands(s)/ranges(s)
	N.A.




2.1 Minimum Performance Requirements For Satellite Radio Access Technology
From [1], ITU-R specifies the minimum performance requirements for each of the metrics in Table 1. Table 2, summerizes those minimum performance requirements for non-terrestial radio network as given in [1]:
[bookmark: _Ref131419079] Table 2: Minimum Performance Requirements
	Performance Metric
	Scenario
	Minimum
Requirement

	
	
	Downlink
	Uplink

	Peak Data Rate (Mbit/s)
	eMBB-s
	70
	2

	Peak Spectral Efficiency (bits/s/Hz)
	eMBB-s
	3
	1.5

	Average Spectral Efficiency (bits/s/Hz)

	eMBB-s
	0.5
	0.1

	User experienced Data Rate 
	eMBB-s
	1 Mbit/s
	100kbit/s

	5th percentile user spectral efficiency (bits/s/Hz)
	Rural-eMBB-s
	0.03
	0.003

	Average Spectral Efficiency (bits/s/Hz/TRxP)
	Rural-eMBB-s
	0.5
	0.1

	Reliability
	HRC-s
	1-10-3 

	

Area Traffic Capacity:
(kbit/s/m2)

	Rural-eMBB-s
	8
	1.5

	Mobility/Normalized traffic channel link data rate (bits/s/Hz)(*)

	250 km/h
	Rural-eMBB-s
	0.005

	User Plane Latency (ms)(**)
	eMBB-s
	10

	Control Plane Latency (ms)(***)
	eMBB-s
	40

	Mobility Interruption Time (ms)
	eMBB-s
	50

	Connection Density (devices/km2)
	Rural-mMTC-s
	500

	Bandwidth
	30 MHz


*	Support for a higher speed of up to 1200 km/h is encouraged
** Satellite Radio Interface is able to support larger latencies, e.g. up to 650 ms, and may operate with a range of relevant satellite orbits.
*** Satellite Radio Interface is able to support larger latencies, e.g. up to 1.15 s, and may operate with a range of relevant satellite orbits

2.2 Reliability
Reference [1] states the following on reliability: Reliability relates to the capability of transmitting a given amount of traffic within a predetermined time duration with high success probability. Reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality. The satellite component of IMT-2020 shall be able to support reliability as high as 1-10−3. 
On the connection time duration the following is stated: the required connection time to meet the reliability target should be provided by the proponent of the submitted Radio Interface Technology/Set of Radio Interface Technologies (RIT/SRIT). The proponent should report the reliability achievable by the candidate RIT/SRIT, and identify the assumed frequency band(s) of operation and the channel bandwidths in that(those) band(s). 16 Rep. ITU-R M.2514-0 The evaluation methodology for determining the reliability should follow the principles outlined in § 7.1.5 of Report ITU-R M.2412 with needed adaptations. The evaluation is conducted in the Rural-HRC-s test environment (see § 8.2), applicable to handheld devices.
Following the definition of [1] the reliability is the reliability within the transmitter. Even though the reliability of 3GPP transmitters will be 100% or close to 100% it means the transmitter cannot be blocked or busy with other taskes in more tha 0,1% of the time. That includes for instance time spend on getting a new GNSS position or being blocked by it as the GNSS position is being fetched.
Observation 1: The requirement of 1-10−3 means the UE transmitter cannot be blocked more than 0.1% of the time, which includes e.g. updating GNSS position.

3 Analytical Performance Evaluation Methods	
The analytical performance evaluation metrics for IMT-2020 Satellite self-evaluation are shown in Table 2. In the following we present some considerations for the analytical analysis.
Looking at the peak spectral efficiency, the values are lower than the requirements, reachable in the analysis done in [4] for terrestrial networks. The same resources and transport block sizes are available for NTN. However as the SNR in NTN can be expected to be significantly lower than in terrestrial networks and depends on the orbit and scenario to be considered, this should potentially be taken into account for the performance evaluation scenarios. 
Observation 2: The peak spectral efficiency depends on the maximum SNR reachable in the NTN scenario.
Observation 3: The maximum SINR is reached when the propagation loss is lowest, i.e. when the UE is at nadir and in LOS, and interference lowest.
Proposal 1: The evaluation of the peak spectral efficiency considers a UE at nadir and in LOS conditions without presence of interference for the relevant satellite deployment cases.
The peak data rate in the downlink can be calculated from the available bandwidth and the peak spectral efficiency, where in the uplink the available transmit power may limit the bandwidth which can be used and that should be taken into account. How much bandwidth can be used depends on the considered satellite orbit and deployment scenario (orbital height, earth fixed or earth moving cells).
Observation 4: The uplink peak data rate depends on the available transmit power, affecting the bandwith and therefore depends on the considered scenario.
Proposal 2: The evaluation of the peak data rate considers a UE at nadir and in LOS conditions for the relevant satellite deployment cases.
The area traffic capacity can be calculated as 


where can be calculated as 1/cell_size, W denote the channel bandwidth, and average spectral efficiency can be evaluated through system level simulations. 
The control plane latency should equal or less than 40 ms. To this requirement it furthermore is mentioned that this requirement is defined for the eMBB-s usage scenario and the above target applies to handheld devices. As it is generally understood handheld with MBB cannot be supported by GEO, so only deployments using LEO satellites should be considered for this evaluation. 
Proposal 3: The evaluation of the control and user plane latencies should focus on LEO scenarios.
The mobility interruption timer is defined as in [1] and the maximum value is 50 ms
Mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any satellite and/or gateway node during transitions.
It can be calculated from the control and user plane latencies considering the mobility is between two cells where the gNB is the same or collocated, as this would lead to the shortest time duration.
Proposal 4: The evaluation of the mobility interruption time should be based on cells from the same gNB or co-located gNBs and LEO scenario assumptions.
Since the eMBB-s usage scenario targets handheld devices, it would be given that any evaluation considers realistic handset implementations and considers the -5.5 dB antenna gain which has been assumed for the Rel-18 work item.
Proposal 5: Evaluation assumptions should include the realistic UE handset antenna gain of -5.5 dB 
4 Simulation Based Self-Evaluation Scenarios and features
4.1 Scenarios
As the work focusses on rel 17 and 18 in which only transparent architecture and no ISL are considered we propose the following:
Proposal 6: The scenarios are limited to transparent architecture without ISL.
The simulations related to eMBB-s should focus on handheld and LEO satellites. In [3] the assumptions for LEO 600 and LEO 1200 are made such that the power density on Earth is the same for both systems, so their performance will be very similar despite the different satellite heights. As most LEO satellites are deployed round 600 km that is the most relevant case.Two sets of assumptions are included in [3], where set-1 is most realistic as satellite antennas are increasing in size.
Proposal 7: RAN1 to decide that the eMBB-s simulations focus on LEO600, Set-1 and handheld UEs.
The eMTC related simulations are about connection density. In [1] the following is written: “Rural-mMTC-s: An environment targeting large and continuous coverage focusing on a high number of connected machine type devices”
As satellites cells are large and the number of user devices to be supported very large (500 devices/km2) while the data amount of a eMTC device is very small it is believed the system will be limited by the RACH capacity.
Proposal 8: Connection density for eMTC should focus on the maximum density, limited by the RACH capacity.
4.2 UE Capabilities
One of the choices to be made is what kind of UE to consider. 38.821 mentions two kind of UEs (VSAT and handheld) and we propose to focus on handheld as VSAT will lead to better performance. Furthermore the assumption from 38.821 Table 6.1.1.1-3 can taken as a starting point
Proposal 9: The evaluation should focus on handheld UEs with the assumptions from 38.821 Table 6.1.1.1-3. 
As NTN introduced several enhancements these can be considered, like the support of 32 HARQ processes and the modified Conditional Handover (CHO)
Proposal 10: Under the evaluation it may be considered to assume a UE with full availability of UE capabilities such as e.g. support of 32 HARQ processes.
4.3 Channel Model
For mobility [1] sets the following requirements:
Mobility is the maximum device speed at which a defined QoS can be achieved (in km/h). 
The satellite component of IMT-2020 shall be capable of communicating with terminals in motion at speeds up to those indicated in the Table below. 
The requirements below are defined for the purpose of evaluation of the Rural-eMBB-s test environment (see § 8.2), applicable to handheld devices: 
[image: ]
When modelling mobility, the modelling of the radio channel and especially the time correlation is important. Transitions between LOS/NLOS need to depend on the elevation angles. Reference [3] does not include such a model as the models are developed for snapshot simulations. In [5] this time correlation of the model is addressed and this approach may be considered or 100% LOS can be assumed.
Proposal 11: RAN1 to discuss whether 100% LOS can be considered or whether a model like in [5] should be included in the evaluation.
5 Conclusion
In this contribution we have presented our observations and proposals which are as follows:
Observation 1: The requirement of 1-10−3 means the UE transmitter cannot be blocked more than 0.1% of the time, which includes e.g. updating GNSS position.
Observation 2: The peak spectral efficiency depends on the maximum SNR reachable in the NTN scenario.
Observation 3: The maximum SINR is reached when the propagation loss is lowest, i.e. when the UE is at nadir and in LOS, and interference lowest.
Observation 4: The uplink peak data rate depends on the available transmit power, affecting the bandwith and therefore depends on the considered scenario.

Proposal 1: The evaluation of the peak spectral efficiency considers a UE at nadir and in LOS conditions without presence of interference for the relevant satellite deployment cases.
Proposal 2: The evaluation of the peak data rate considers a UE at nadir and in LOS conditions for the relevant satellite deployment cases.
Proposal 3: The evaluation of the control and user plane latencies should focus on LEO scenarios.
Proposal 4: The evaluation of the mobility interruption time should be based on cells from the same gNB or co-located gNBs and LEO scenario assumptions.
Proposal 5: Evaluation assumptions should include the realistic UE handset antenna gain of -5.5 dB 
Proposal 6: The scenarios are limited to transparent architecture without ISL.
Proposal 7: RAN1 to decide that the eMBB-s simulations focus on LEO600, Set-1 and handheld UEs.
Proposal 8: Connection density for eMTC should focus on the maximum density, limited by the RACH capacity.
Proposal 9: The evaluation should focus on handheld UEs with the assumptions from 38.821 Table 6.1.1.1-3. 
Proposal 10: Under the evaluation it may be considered to assume a UE with full availability of UE capabilities such as e.g. support of 32 HARQ processes.
Proposal 11: RAN1 to discuss whether 100% LOS can be considered or whether a model like in [5] should be included in the evaluation.
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