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1	IntroductionThe work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed

The 3GPP has defined a work item for Rel-17 on non-terrestrial networks (NTN), RP-201256 [1]. The main objective is 
In order to evaluate and specify features enhancing NR to support NTN, a common understanding of the targeted scenario(s) is needed. 
The simulation calibration results provided in TR 38.821 [2] were focused on a stationary, snap-shot scenarios from TR 38.811 [3], where neither UEs nor satellites were moving. However, in order to evaluate RAN2 solutions aiming at providing service continuity in terms of mobility, a more advanced scenario is needed compared to the scenarios already described in TR 38.811 [3]. 
This document provides an overview of open issues for the mobility simulation scenario(s) and the related evaluations.
2	Mobility simulation aspects
[bookmark: _Hlk45191176]2.1	Channel model aspects
The RAN1 NTN calibration results in TR 38.821 [2] are based on the channel models provided in TR 38.811 [3]. Those models, including path loss, shadow fading, fast fading and various space-earth specific propagation models were developed for drop-based simulations where there is no mobility involved. Note, inconsistent shadow fading parameters in the rural fast fading model were corrected in the RAN plenary #88-e  RP-200717 [4].
The main issue which remains to be addressed is how to support mobility simulations in satellite scenarios where temporally and/or spatially correlated channel model parameters need to be considered during the simulation time. On the other hand, the required simulation time is determined by the expected number of required mobility events experienced by the UEs, which strongly depends on the earth fixed or moving cell scenario under investigation.
Proposal 1: [bookmark: _Ref47608765]RAN2 to determine the evaluation assumptions for the mobility investigations in NTN scenarios
In addition to the needed minimum simulation time, we highlight here also the channel modelling aspects. Specifically, table 6.6.1-1 of TR 38.811 [3] defines the line-of-sight (LOS) probability as a function of the elevation angle and the scenario (urban, rural etc.). The elevation angles are provided with 10 degree steps and it is noted that the LOS probability is to be taken from the nearest reference elevation angle of the table. 
However, the LOS probability model does not define any correlation model in time and/or across elevation angles. For example, when the elevation angle between a UE and a satellite is increased and implies a switch from e.g. the row of 20 degrees to the row of 30 degrees, the basic model would imply the LOS probability is evaluated again (i.e. without taking into account the current LOS/NLOS state) and potentially resulting in a LOS-NLOS switching behaviour. Experiencing multiple fully random state switches during the simulation time (satellite pass-over) seems unrealistic, and thus it is necessary to define correlation of the LOS probability versus the elevation angles. This observation results in the following questions, which will impact the correlation model:
1. How long is the transition time from LOS to NLOS and vice versa?
2. How to define the probability of a LOS/NLOS state transition?
3. How long to stay in LOS or NLOS state (elevation angle dependent)? 
One potential model is a 2-state Markov chain as illustrated in Figure 1.
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[bookmark: _Ref45187574]Figure 1 LOS probability model based on 2-state Markov chain.
The probability of a state change would be:

The stationary probability  is defined by

where π0 corresponds to the LOS probability provided in table 6.6.1-1 of TR 38.811 [3]. The challenge is that multiple combinations of α,β will result in the targeted π0,π1, but provide very different times of stay per state and state switches.
The ITU-R P.681-11 [5] recommendation on propagation proposes a similar 2-state Markov chain with “good” and “bad” state where the duration of each state is modelled to be log-normally distributed.
As an example of the impact of using a more detailed LOS-NLOS transition model, in Figure 2 we show the combined  number of LOS-NLOS and NLOS-LOS transitions for a UE located in a typical rural or urban area, when a LEO satellite is moving on an orbit at 600km. For all the results presented in in Figure 2 we have used the scenario and LOS probability model as specified in TR 38.811 [3]. The transitions are counted for every 1 degree step movement of the satellite along the orbit. For the scenario labelled ‘3GPP’ we simply use the Table 6.6.1-1 of TR 38.811 [3]. In addition to the 3GPP model and the transition model proposed above (with the α and β parameters derived based on ray-tracing), we show also the results obtained from ray-tracing (geometric like) simulations using realistic building layouts. The typical buildings densities and heights are modelled as earlier when deriving the LOS probability results in TR 38.811 [3]. The total satellite fly-over time (from one horizon to other) for these examples was 494.2 seconds, corresponding to a minimum elevation angle of 10 degrees. It is evident that the current 3GPP LOS model provided in TR 38.811 [3] significantly overestimates the number of LOS-NLOS and NLOS-LOS transitions experienced by the UE, by a factor of 30 to 40(!) depending on the environment. We believe, such modelling inaccuracies would lead to highly inaccurate mobility performance numbers and can incorrectly suggest the technical areas which require addressing in the context of NTN mobility. 
Observation 1: [bookmark: _Ref54022953] 3GPP model (in line with TR 38.811) leads to 30 – 40 times more LOS/NLOS transitions compared to other models, such as ray-tracing based or 2-state Markov chain based. 
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[bookmark: _Ref54016407]Figure 2 Example of results for average number of LOS-NLOS transitions when using different modelling approaches; LEO satellite at 600km altitude.

Proposal 2: [bookmark: _Ref47608819]RAN2 to discuss a LOS probability model including the time correlation, for mobility evaluations. If needed, consult other RAN WGs.
The shadow fading and fast fading models of TR 38.811 [3] all depend on the LOS/NLOS state and the elevation angle, see e.g. table 6.6.2-1 TR 38.811 [3] on shadow fading and clutter loss. Similar to the LOS probability model the parameters are given per 10 degree elevation angle. When the elevation angle changes from e.g. 20 degrees to 30 degrees, the parameters of the applied shadow fading and fast fading models need to be updated. The question is whether it is better to abruptly change the parameters or apply a gradual change (as proposed in ITU-R [5]) . For example, filtering could be applied to weigh each parameter H as follows (HNearest refers to the nearest value in the tables of TR 38.811 [3], e.g. the shadow fading variance of table 6.6.2-1, having a 10 degrees granularity, and HSecondNearest is the second nearest value of the same table):

Below is an illustrative example for the case of a 83 degree elevation angle i.e. degreesToNearest=3.

Proposal 3: [bookmark: _Ref47608861]RAN2 to discuss how the shadow fading and fast fading channel model parameters can be gradually changed as a function of satellite elevation angle.

2.2	Constellation aspects
The technical report TR 38.811 [3] contains a section 6.1.4 on “multiple satellites simulation” proposing two options:
· Option-1: simulation based on the reference constellation
· Option-2: simulation based on the regional beam layouts for multiple satellites
As a starting point it is important for RAN2 to agree on what option to use for potential system level mobility evaluations. The existing evaluation/calibration scenarios in TR 38.821 [2] used in RAN1 studies are to be used as starting point. The general idea for the RAN2 related updates is to keep the reference scenario definition(s) general enough such that all practical satellite constellations (existing or new) are covered. Furthermore, the general modelling approach would need to cover the needs for mobility evaluations in both earth-moving and earth-fixed cells scenarios.
For selecting a modelling approach to the multiple satellite simulations, it will be important to agree on the main scenario parameters based on the existing TR 38.811 [3] scenarios: 
· the number of orbits,
· the number of consecutively placed satellites on orbit to be evaluated (and the inter-satellite distance),
· number of beams per satellite,
· beam footprint size (cell diameter), assumed to have no beam pointing error,
· frequency re-use factor pattern,
· wrap-round model.
Option-1 potentially requires an entire constellation to be specified, with several 10’s of orbits and 10’s of satellites per orbit. This might lead to a less general reference simulation scenario. Option-2 reduces the scenario complexity by only considering local layout of the satellite beams from a couple of satellites on the same or adjacent orbits. This approach is closer to the existing RAN1 scenarios in TR 38.811 [3], and can be used as basis for the multiple satellite scenario definitions.
As a combination of the Option-1 and Option-2 approaches, the reference constellation to be used in RAN2 mobility studies could be defined as one satellite orbit, with 2 or 3 consecutive satellites evaluated only, each satellite having a certain beam layout, beam footprint size (cell diameter) and including potential frequency re-use pattern. With minor adjustment of the parameters, this approach can cover the needs for both earth-moving and earth-fixed cells mobility evaluations. Figure 2 and Figure 3 show schematically the proposed multiple satellite scenarios for earth-moving and earth-fixed cells mobility studies, respectively. Key parameters are depicted only; other assumptions can be re-used from the existing RAN1 NTN evaluation scenarios specified in TR 38.821 [2].
Observation 2: [bookmark: _Ref47608796]The reference multiple satellite scenario to be used in RAN2 mobility studies can be defined as one satellite orbit, with 2 or 3 consecutive satellites only, with a certain inter-satellite distance, each satellite having a certain beam layout, beam size and frequency re-use pattern.
Proposal 4: [bookmark: _Ref47608878]RAN2 to define a simplified multiple satellites scenario modelling approach for the reference mobility evaluations, using the existing RAN1 scenarios.
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[bookmark: _Ref47444945]Figure 2 Schematic view of the multiple satellite scenario for earth-moving mobility investigations.
[image: ]
[bookmark: _Ref47444947]Figure 3 Schematic view of the multiple satellite scenario for earth-fixed mobility investigations.

2.3	Transparent payload aspects
In addition to the constellation itself, it is also important to clarify the impact of feeder links, especially since the WI description RP-201256 [1] is focused on transparent payload satellites. A key assumption will be the relative location of the NTN-GW to the satellite(s). Defining the NTN-GW position allows to calculate the varying feeder link delay as a function of NTN-GW – satellite distance, time or elevation angle. For simplicity, a function can be defined to describe the time variation as a function of the NTN-GW – satellite distance without the need to define an actual geographical location on earth. E.g. the delay would be x ms at time T1 and y ms at time T2 and so forth, or the delay would follow a parabolic function.
Proposal 5: [bookmark: _Ref47608894]RAN2 to define a reference NTN-GW - satellite feeder link delay function vs. time for the case when feeder link delay pre-compensation is not used (i.e. the satellite is not the delay reference point for the UEs).
The text of section 5.1.1 TR 38.821  [2] defines the transparent satellite implements amplification of uplink and downlink. However, the exact type of amplification is not defined. This is an issue, e.g. because the satellite downlink output power impacts link adaptation (interpretation of CQI, SRS), mobility mechanisms (handover and cell selection) and UE uplink power control. Thus, it is necessary to define the type of satellite amplification, both for the downlink (i.e. feeder link to service link) and uplink (i.e. service link to feeder link) – note that each link is composed of a receiving and transmitting gain factor. The potential amplification types include:
· Constant gain. The combined receive and transmit gain is a constant, independent of the received signal. 
· Constant Emitted Isotropic Radiated Power (EIRP). The satellite will adjust the combined receive and transmit gain based on the received signal and a target EIRP. This may potentially make the feeder link gain equal to one. 
· Constant power at receiver. The satellite will attempt to compensate for the radio channel (applies to the feeder link only?).  
As an example of the implications, consider the scenario of Figure 4. Since the combined propagation distance is the same for NTN-GW1 – SAT1 – UE and NTN-GW2 – SAT2 – UE, the constant gain type of amplification will in principle result in the same received power at the UE from both NTN-GWs. However, if the constant EIRP type of amplification is applied, the SAT2 will provide a significantly stronger signal to the UE since service link sl2<<sl1, but SAT2 will also consume more power, because the required gain from feeder link to service link is larger (fl1<<fl2). Figure 5 provides another example, where the transparent satellite is connected to two different feeder links (i.e. a feeder link switch may be imminent). One feeder link (fl1) experiences significantly larger propagation delay and loss compared to the other (fl2). However, if the satellite fully compensates for the feeder link propagation loss in downlink, the UE will see two equal power service links (sl1 and sl2). 

[image: ]
[bookmark: _Ref47518838]Figure 4 Scenario where transparent satellite amplification type impacts UE mobility.

[image: ]
Figure 5 Another scenario where transparent satellite amplification type impacts UE mobility.

In addition to the satellite amplification assumptions, it will also be beneficial to clarify, whether the target of the selected amplification level can always be achieved or certain events (e.g. lack of battery power, high load of users) will result in variations over time. 
Given the above options of transparent satellite amplification it is observed that it will be beneficial for the gNB to be aware of the transparent satellite mechanisms. This is e.g. useful for interpreting measurement reports and configuring UE uplink transmit power control, e.g. R1-1908251. As an example, the UE considers the radio path loss to be reciprocal and it thus relies on downlink RSRP measurements, when determining its uplink transmit power. However, the satellite may apply different gain factors in the feeder link to service link and the service link to feeder link, which results in suboptimal UE uplink transmit power. Therefore, it is beneficial for the gNB to be aware of the transparent satellite’s gain factors and to potentially adjust certain UE parameters including transmit power control. 
Observation 3: [bookmark: _Ref54023031]For the transparent satellite payload scenarios, it is beneficial to have a model assumed for the signal gain/amplification factors applied at the satellite between the feeder and service links.

Proposal 6:  Define a reference model for the feeder and service link signal amplification on-board the transparent satellite. 

2.4	Earth-fixed cells aspects
The TR [2] considers both earth-moving and earth-fixed cells. The former implies beams are moving with the satellite, while the latter implies the satellite is “continuously” adjusting the beam pointing direction to fix the NR cell on earth for a certain amount of time. In order to reduce the inter-cell interference, the satellite may apply beam-shaping to narrow the beam width as the satellite moves away from the reference point on earth.  The need for such functionality depends among others on the constellation design but was so far not discussed.
Additionally, the use of earth-fixed cells implies that the serving satellite at some point in time will change, because the satellite has moved too far away from the cell location on earth. As part of the mobility performance evaluations in RAN2, this cell-switch functionality also needs to be evaluated to ensure a good user experience.
As an illustrative example, we show in Figure 7 the simulated serving cell SINR of the best beam/cell for one UE position, located in the center of the beam coverage area, during a satellite and beam switch in an Earth-fixed cell scenario. Frequency re-use 3 is used. The channel model corresponds to a rural LOS scenario as described in TR 38.811 [3]. In this example scenario, both satellites steer a beam to the same position on Earth for a specific time duration (between 31 and 35 seconds), in order to allow the UE hand-overs to be triggered and executed. There is no dedicated beam-shaping applied, which could further improve the signal levels during this switch. During the time where both satellites beams are steered to the same position, an average drop of 5dB in the SINR is observed. 
[image: ]
[bookmark: _Ref54168911]Figure 7 Example of serving cell SINR trace for one UE during the satellite and beam-switch in an earth fixed cell scenario.

Observation 4: [bookmark: _Ref47608841]A reference cell-switch functionality, including the corresponding satellite beam sizes and shapes, needs to be defined and evaluated for earth-fixed cells scenarios.
Observation 5: [bookmark: _Ref54251200]Even a simple scenario involving two-satellites allows to observe mobility challenges in Earth-fixed beam scenario.
The modelling assumptions for the reference earth fixed cells scenario could include parameters such as: 
· minimum beam width (potentially vs. elevation angle), 
· how the source and target beams are shaped vs. time (or elevation angle) and what is the update rate,
· beam pointing accuracy,
· cell-switch model.

Proposal 7: [bookmark: _Ref47608926]RAN2 to define evaluation assumptions specific for the reference earth-fixed cells scenario, including the time duration one satellite is pointing a beam towards a fixed location and the potential use of beam-shaping and cell-switch functionalities.
 
[bookmark: _GoBack]3	Conclusion
Always echo the list of observations and proposals.
Proposal 1: RAN2 to determine the evaluation assumptions for the mobility investigations in NTN scenarios 
Observation 1: 3GPP model (in line with TR 38.811) leads to 30 – 40 times more LOS/NLOS transitions compared to other models, such as ray-tracing based or 2-state Markov chain based. 
Proposal 2: RAN2 to discuss a LOS probability model including the time correlation, for mobility evaluations. If needed, consult other RAN WGs.
Observation 2:: The reference multiple satellite scenario to be used in RAN2 mobility studies can be defined as one satellite orbit, with 2 or 3 consecutive satellites only, with a certain inter-satellite distance, each satellite having a certain beam layout, beam size and frequency re-use pattern.
Observation 3: For the transparent satellite payload scenarios, it is beneficial to have a model assumed for the signal gain/amplification factors applied at the satellite between the feeder and service links.
Observation 4: A reference cell-switch functionality, including the corresponding satellite beam sizes and shapes, needs to be defined and evaluated for earth-fixed cells scenarios.
Proposal 3: RAN2 to discuss how the shadow fading and fast fading channel model parameters can be gradually changed as a function of satellite elevation angle.
Proposal 4: RAN2 to define a simplified multiple satellites scenario modelling approach for the reference mobility evaluations, using the existing RAN1 scenarios.
Proposal 5: RAN2 to define a reference NTN-GW - satellite feeder link delay function vs. time for the case when feeder link delay pre-compensation is not used (i.e. the satellite is not the delay reference point for the UEs).
Proposal 6: Define a reference model for the feeder and service link signal amplification on-board the transparent satellite
Observation 5: Even a simple scenario involving two-satellites allows to observe mobility challenges in Earth-fixed beam scenario.
Proposal 7: RAN2 to define evaluation assumptions specific for the reference earth-fixed cells scenario, including the time duration one satellite is pointing a beam towards a fixed location and the potential use of beam-shaping and cell-switch functionalities.
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