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1. Introduction
At the RAN#80 meeting the new study item on Non Terrestrial Networks (NTN) was agreed [1], the study item description can be found in [2]. Objectives of the study item related to physical layer are copied below. 
	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]


At the last RAN1 meeting [3] good progress was achieved on scenarios and evaluation assumptions for NTN performance evaluations and system level simulator calibration. However, several details on evaluation assumptions and methodology are still not clear. In this contribution we provide our considerations on performance evaluation for NTN system level and link level simulations.
2. Discussion
2.1. System level simulations
According to objectives of the study item, performance assessment of NR NTN deployments should be done through link level and system level simulations. In order to do performance assessment KPIs should be agreed at first. A list of KPIs considered for NR access technology can be found in [4]. From the perspective of physical layer of cellular communication system one of the most important KPI is user experienced data rate, which is defined in [3] as the 5%-percentile (5%) of the user throughput for system-level evaluations with non-full buffer traffic model and 5% user spectrum efficiency × bandwidth for system-level evaluations with full-buffer traffic model. 
Proposal 1:
· At least user experienced data rate defined in TR38.913 should be considered as KPI for performance assessment of NR NTN deployments
For system level performance evaluations it is important to consider interference signals. Satellite constellation with multiple satellites should be modeled for NTN in order to accurately capture the interference. However, modeling of satellite constellation with multiple satellites complicates system level simulator design and requires some discussion in RAN1 to decide details for satellite constellation modelling. Thus, we propose to consider satellite constellation with one satellite for calibration and performance evaluations of NTN. The details of satellite constellation with multiple satellites can be discussed further.
Proposal 2: 
· Support satellite constellation with one satellite for calibration and performance evaluations for NTN
· Satellite constellation with multiple satellites is FFS
At the last RAN1 meeting [3] it was agreed to consider hexagonal beam layout for NTN evaluations. However, the detailed definition of hexagonal beam layout is not clear and needs to be clearly described. In our understanding for the hexagonal beam layout it is assumed that the main lobe of the beam is directed towards the centre of the corresponding cell and the inter cell distance is correlated with the half power beamwidth of the antenna at the satellite. One detail which is not clear yet is whether to consider the curvature of earth for determination of centers of cells.
Proposal 3: 
· Clarify the following details for the hexagonal beam layout for NTN evaluations
· Determination of center of cells considering curvature of earth, determination of directions of beams, relation between inter site distance and half power beamwidth of the satellite antenna
In order to avoid inaccurate evaluation results for UEs at the edges of simulation area, wrap around is used for simulations of terrestrial networks. In this case transmission of interferer signal from a far located base station can be replaced by transmission from virtual base station which is located closer to the UE and/or have higher RSRP. Similar feature should be used for NTN simulation in order to avoid edge effects. There are several issues for methodology of wrap around for NTN which should be discussed further. It is not clear if the virtual cell should correspond to the serving satellite or other ‘virtual’ satellite as it is illustrated in figure 1a and 1b. 


Figure 1a. Wrap around model for NTN where virtual cell corresponds to beam from the serving satellite


Figure 1b. Wrap around model for NTN where virtual cell corresponds to beam from ‘virtual’ satellite (not serving satellite)
In order to facilitate the simulation work we propose to consider the simulations without wrap around before the methodology of wrap around modelling is clearly defined. 
Proposal 4: 
· Consider system level evaluations without wrap around for NTN
· Support system level evaluations with wrap around after the details of wrap around modelling are clearly defined
Another important operation for system level evaluations is cell selection. There are two alternatives to consider for cell selection: RSRP-based cell selection and location (geometry)-based cell selection. In the actual NTN networks cell selection may be different depending on the type of NTN terminal. For handheld UE in a general case the cell selection is done based on RSRP measurements while for very small aperture terminal (VSAT) RSRP-based approach may not be used in practice due to directivity of the VSAT antenna. It can be assumed that the information on the satellite location is a priory know at the VSAT, thus, cell selection is done based on its location. For RSRP based cell selection handover margin value should be defined. We propose to support 0 dB handover margin for calibration, value of handover margin for performance evaluations should be reported by each company.
Proposal 5: 
· Consider RSRP-based cell selection for handheld NTN terminals and location-based cell selection for VSAT
· For RSRP-based cell selection, support 0 dB handover margin for calibration, value of handover margin for performance evaluations should be reported by each company
In order to avoid significant level of interference for the NTN 4-color frequency reuse should be supported for the evaluations. For 4-color frequency reuse case the number of simulated cells should be higher comparing to the case with full frequency reuse in order to capture interference correctly. Hence, we propose to support 4-color frequency reuse with 19 cells for evaluations of NTN, full frequency reuse with 7 cells can be optionally considered. 
Proposal 6: 
· Support 4-color frequency reuse with 19 cells for evaluations of NTN
· Full frequency reuse with 7 cells can be optionally considered
2.2. Link level simulations
Link level evaluations are used for NTN in order to assess performance, identify issues and evaluate potential enhancements for many aspects including initial access, PRACH, physical control and shared channels for DL and UL, etc. The main difference of NTN comparing to terrestrial cellular networks is large propagation delay and Doppler frequency shift. In order to decrease the impact for high speed of a spaceborne vehicle on the performance of NTN pre/post-compensation of Doppler shift can be considered at the transmitter/receiver of the gNB. In the contribution [5] pre/post compensation of Doppler shift is analysed for LEO and MEO NTN deployments, values of max Doppler shift residual error due to both satellite and UE mobility after pre/post compensation are provided. In our understanding pre/post compensation at the transmitter/receiver of the gNB should be considered for NTN. Thus, we propose to use values of max Doppler shift residual error due to both satellite and UE mobility provided in [5].
Proposal 7: 
· Consider pre/post compensation of Doppler shift at the transmitter/receiver of the gNB
· Values of max Doppler shift residual error due to satellite and UE mobility provided in R1-1905206
3. Conclusion
In this contribution considerations on performance evaluation for NTN are discussed. The following proposals were made.
Proposal 1:
· At least user experienced data rate defined in TR38.913 should be considered as KPI for performance assessment of NR NTN deployments
Proposal 2: 
· Support satellite constellation with one satellite for calibration and performance evaluations for NTN
· Satellite constellation with multiple satellites is FFS
Proposal 3: 
· Clarify the following details for the hexagonal beam layout for NTN evaluations
· Determination of center of cells considering curvature of earth, determination of directions of beams, relation between inter site distance and half power beamwidth of the satellite antenna
Proposal 4: 
· Consider system level evaluations without wrap around for NTN
· Support system level evaluations with wrap around after the details of wrap around modelling are clearly defined
Proposal 5: 
· Consider RSRP-based cell selection for handheld NTN terminals and location-based cell selection for VSAT
· For RSRP-based cell selection, support 0 dB handover margin for calibration, value of handover margin for performance evaluations should be reported by each company
Proposal 6: 
· Support 4-color frequency reuse with 19 cells for evaluations of NTN
· Full frequency reuse with 7 cells can be optionally considered
Proposal 7: 
· [bookmark: _GoBack]Consider pre/post compensation of Doppler shift at the transmitter/receiver of the gNB
· Values of max Doppler shift residual error due to satellite and UE mobility provided in R1-1905206
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