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1	Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network. The latest version of the SID is given in [1]. The SI has the following RAN1 objectives. The RAN1 work is scheduled to begin at RAN1#96bis in April 2019.
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]


In this contribution, we discuss the overall evaluation framework including the NTN link level and system level evaluations. 
2 [bookmark: _Ref178064866]Discussion
2.1	Evaluation framework
For an efficient execution of the RAN1 part of the NR NTN SI it is important that the work is clearly structured. We propose that the RAN1 part of TR 38.821 [3], i.e. chapter 6, contains the following sections:
· Section 6.1 RAN1 study objectives
· This section should include an iteration of the SI objectives, and if needed an interpretation of each objective for providing a detailed understanding of the expected items to be studied in RAN1.
· Section 6.2 Requirements 
· This section should include potential requirements on an NTN NR physical layer. This will provide guidance when later comparing various candidate techniques providing solutions to the objectives. The six scenarios A, B, C1/2 and D1/2 presented in TR 38.821 table 4.2-2 may serve as starting point for determining a set of suitable RAN1 requirements.
· Section 6.3 Evaluation methodology
· This section should introduce the overall evaluation framework to be followed in the evaluation for each of the presented objectives. Evaluation methods may be selected from analytical evaluations, link-level or system level simulations. The rich set of link and system level scenarios and models presented in TR 38.811 and TR 38.821 may serve as reference to this work.  
[bookmark: _Toc4753630]Given limited time unit, it is important that the work is clearly structured for an efficient execution of the RAN1 part of the NR NTN SI.
[bookmark: _Toc4753632]RAN1 to agree on a clear structure used in the beginning of chapter 6 according to the above made suggestions.
Once this basic framework has been captured the work should turn its focus towards evaluation of the objectives. For each main objective a new section 6.X may be created for capturing proposed solutions and their performance. 
[bookmark: _Toc4753633]RAN1 to create one section 6.X for each main objective. These sections are intended to capture the work on solutions and their performance.
The objective of assessing the performance of NR in a set of selected deployment scenarios requires special attention. In our view, analytical evaluations complemented by link level simulations should be used to the maximum extent possible. System level simulations are time consuming and should be agreed upon with care. We therefore propose that the NR NTN performance assessment on system level is performed only for a limited set of prioritized scenarios.
[bookmark: _Toc4753634]RAN1 to complete the agreed NR NTN system level performance assessment in a limited set of prioritized scenarios.
Simulation assumptions such as transmit powers and noise figures should be expressed in 3GPP terms rather than traditional satellite terms such as G/T. This would facilitate the NTN work in 3GPP as most companies in 3GPP have established link and system simulators based on common 3GPP terminologies. Using non-3GPP terms would cause unnecessary burden to each company for correctly interpreting their meanings in the evaluation work.
[bookmark: _Toc4753635]RAN1 to use common 3GPP terminologies instead of traditional satellite terminologies for evaluation assumptions.
Link budget is one of the first questions that need to be addressed when designing a radio access system. A link budget considers all of the gains and losses from the transmitter, through the medium to the receiver in a telecommunication system. Link budget calculation can give important insights such as which physical channel may be limiting and where enhancements may be needed. So it is imperative for RAN1 to study the NTN link budget for the scenarios under consideration. To serve the purpose, important parameters such as noise figure, EIRP, antenna gains, etc. for both UE and satellite need to be agreed upon.
[bookmark: _Toc4753636]RAN1 to study the NTN link budgets.
2.2	Architecture options and use cases
Depending on the functionality of the satellite in the system, we can consider two transponder options: 
· Bent pipe transponder: satellite forwards the received signal back to the earth with only amplification and a shift from uplink frequency to downlink frequency. 
· Regenerative transponder: satellite includes on-board processing to demodulate and decode the received signal and regenerate the signal before sending it back to the earth. 
Considering the limited time in Rel-16 NTN study in RAN1, we propose to prioritize bent-pipe architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation.
[bookmark: _Toc4753637]RAN1 to prioritize bent-pipe architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation.
LTE-M and NB-IoT are considered as 5G technologies for supporting massive MTC, while eMBB and URLLC are the focused use cases in Rel-15/16 NR. It is questionable that NTN can meet the requirements of URLLC due to the inherent propagation delay in the system. Given these, we believe that Rel-16 NTN should focus on eMBB, fixed wireless and backhauling. Prioritizing these use cases would facilitate efficient execution of the Rel-16 NTN SI. 
[bookmark: _Toc4753638]RAN1 to prioritize the use cases of eMBB, fixed wireless and backhauling in Rel-16 NTN.
2.4	System level evaluations
2.5.1 System level calibration
Before starting the NTN performance evaluations, the system simulators need to be calibrated. To allow for efficient system level calibration it could be beneficial for RAN1 to define an initial set of assumptions to derive 3GPP-defined coupling loss and geometry-SINR distributions to develop basic understanding of NTN systems. 
[bookmark: _Toc4753639]RAN1 to simulate coupling loss and geometry-SINR distributions for GEO and LEO.
3GPP have traditionally defined requirements at the antenna port, and defined coverage in terms of the coupling loss defined by the signal attenuation from transmitting to receiving antenna. This requires knowledge of the transmit power level, the antenna gains and the receiver thermal noise power spectral density. We believe the same definition can be used in this work. The below figure illustrates the difference between coupling loss and path loss where the latter includes antenna gains.


Figure 1. Path loss vs coupling loss.
For SINR we prefer to use a definition where the signal and the noise are both measured over the signal bandwidth defined after modulation. To exemplify: The signal to noise ratio measured for a N PRB transmission should be defined for a measurement bandwidth of N·180 kHz.
2.5.2 System level assumptions for calibration
In Table 1 a set of initial system level calibration parameters are proposed. For a set of items such as the conducted power levels, the noise figures and the receive and transmit antenna patterns, input are required from satellite companies. 
We understand that the thermal noise PSD may not be defined at -174 dBm/Hz in an NTN. But it is a useful reference if the absolute noise power is to be calculated based on a declared NF. 
[bookmark: _Toc4753631]Input from satellite companies for certain assumptions are needed for system level parameters.
[bookmark: _Toc4753640]RAN1 to agree on the initial system level evaluation parameters in Table 1.
2.5.3 Objectives of system level performance evaluations
Regarding the system level simulations, it would be useful to already now get a baseline understanding of what system level aspects that later on shall be simulated as this might heavily impact the simulation assumptions. This could also be helpful for simulation calibration purposes. As an example, if mobility shall be simulated for Low Earth Orbit constellations there is a need for more assumptions such as satellite trajectory and beam configuration.
A list of metrics that shall be studied after the simulators have been calibrated: 
· End-user throughput (e.g. 5%-percentile, 95%-percentile and average)
· Mobility
· Latency
· System capacity
The exact details of how these metrics are derived need to be discussed. A baseline assumption is to use typical 3GPP assumptions and adapt them to satellite when needed.
[bookmark: _Toc4753641]RAN1 to agree on the metrics that shall be studied as well as how these metrics are derived.
Table 1. System level parameters for calibration in LEO and GEO satellite scenarios.
	Parameter
	LEO Satellite Parameters
	GEO Satellite parameters

	Carrier frequency
	2 GHz
	2 GHz

	System Bandwidth
	10 MHz

	10 MHz

	Satellite orbit
	600 km height
	Geostationary orbit

	Number of satellites
	1
	1

	Satellite elevation *
	90 degrees 
	40 degrees

	Inter-spotbeam distance **
	100 km
	500 km

	Number of satellite spotbeams
	7
	7

	Number of SSBs per cell per spotbeam
	1
	1

	Frequency reuse
	1
	1

	UE distribution
	80% LoS, 20% NLoS (all outdoor)
	80% LoS, 20% NLoS (all outdoor)

	Satellite antenna
	Antenna pattern as in [2] defined by TBD ka value
	Antenna pattern as in [2] defined by TBD ka value 

	Link budget items
	gNB transmit power
	TBD
	gNB transmit power
	TBD

	
	gNB noise figure
	TBD
	gNB noise figure
	TBD

	
	UE transmit power 
	TBD
	UE transmit power
	TBD

	
	UE noise figure
	TBD
	UE noise figure
	TBD

	
	Terminal noise density
	-174dBm/Hz
	Terminal noise density
	-174dBm/Hz

	System level model scenario
	Rural scenario from [2]
	Rural scenario from [2]

	Fast fading channel
	Fast fading channel is not modelled for calibration
	Fast fading channel is not modelled for calibration

	* Defined as the elevation angle with respect to the center of simulation region
** Defined as the distance between the spotbeam centers



2.5	Link level evaluation assumptions
From a link level simulation perspective, Doppler frequency error, large propagation delay and channel model are the main features distinguishing NTN from a terrestrial network. For initial simulations, we propose making the following assumptions for simplicity.
Assumption 1: UE knows its position relative to the satellite with sufficient accuracy to perform coarse timing advance before uplink initial access. 
This means that the UL receiver needs only cope with the residual timing error during random access procedure. We may relax this assumption later to consider other cases.
Assumption 2: The simulation focuses on the service link only. The feeder link impairments are ignored. 
Assumption 3: The signal received by the satellite is assumed to undergo post-compensation to correct for UL frequency shift. This correction, for example, can be performed with respect to the beam center. The signal transmitted by the satellite is assumed to undergo pre-compensation to correct for DL frequency shift. This correction, for example, can be performed with respect to the beam center.    
For the antenna configurations it would be important to discuss the assumptions. Once again it would be beneficial to have input from satellite companies on Rx/Tx configurations.
[bookmark: _Toc4753642]RAN1 to discuss antenna configuration assumptions. 
[bookmark: _Ref4160917]Table 2: Link level simulation parameters
	Channel Model
	LoS and NLoS TDL [2]

	Elevation angle (service link) 
	 

	Duplex mode
	FDD

	#Tx antenna, #Rx antenna
	Uplink: TBD
	Downlink: TBD

	System bandwidth
	10 MHz UL+ 10 MHz DL

	Carrier frequency
	2 GHz (FR1)

	Subcarrier spacing
	15 kHz

	GNSS-equipped UE
	Yes

	Satellite system
	GEO, LEO (600 km)

	# UEs
	1, 2

	UE speed
	0 and 30 km/h



[bookmark: _Toc4753643]RAN1 to agree on the link level evaluation assumptions listed in Table 2. 
Conclusion
[bookmark: _GoBack]In the previous sections, we discuss NTN link level and system level evaluations. We made the following observations: 
Observation 1	Given limited time unit, it is important that the work is clearly structured for an efficient execution of the RAN1 part of the NR NTN SI.
Observation 2	Input from satellite companies for certain assumptions are needed for system level parameters.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to agree on a clear structure used in the beginning of chapter 6 according to the above made suggestions.
Proposal 2	RAN1 to create one section 6.X for each main objective. These sections are intended to capture the work on solutions and their performance.
Proposal 3	RAN1 to complete the agreed NR NTN system level performance assessment in a limited set of prioritized scenarios.
Proposal 4	RAN1 to use common 3GPP terminologies instead of traditional satellite terminologies for evaluation assumptions.
Proposal 5	RAN1 to study the NTN link budgets.
Proposal 6	RAN1 to prioritize bent-pipe architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation.
Proposal 7	RAN1 to prioritize the use cases of eMBB, fixed wireless and backhauling in Rel-16 NTN.
Proposal 8	RAN1 to simulate coupling loss and geometry-SINR distributions for GEO and LEO.
Proposal 9	RAN1 to agree on the initial system level evaluation parameters in Table 1.
Proposal 10	RAN1 to agree on the metrics that shall be studied as well as how these metrics are derived.
Proposal 11	RAN1 to discuss antenna configuration assumptions.
Proposal 12	RAN1 to agree on the link level evaluation assumptions listed in Table 2.
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