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Introduction
[bookmark: _Hlk510705081]At RAN #86 in December 2019 a work item for NTN was agreed (RP-193234, [1]). The normative activities include development of specifications for transparent payload-based LEO. In this document we provide our view on transparent satellite, feeder link, inter-satellite link and GNSS details, which to our understanding need further discussion and clarification.
Discussion
Transparent satellite aspects
The TR 38.821 [2] defines a transparent satellite as follows:[bookmark: _Toc26620913]5.1	Transparent satellite based NG-RAN architecture
[bookmark: _Toc26620914]5.1.1	Overview
The satellite payload implements frequency conversion and a Radio Frequency amplifier in both up link and down link direction. It corresponds to an analogue RF repeater. 
Hence the satellite repeats the NR-Uu radio interface from the feeder link (between the NTN gateway and the satellite) to the service link (between the satellite and the UE) and vice versa.
The Satellite Radio Interface (SRI) on the feeder link is the NR-Uu. In other words, the satellite does not terminate NR-Uu.
The NTN GW supports all necessary functions to forward the signal of NR-Uu interface.
Different transparent satellites may be connected to the same gNB on the ground.


The text of section 5.1.1 [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. 
As an example of the implications, consider the scenario of Figure 1. 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 2 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: _Ref30426839]Figure 1 Scenario where transparent satellite amplification type impacts UE mobility.
[image: ]
[bookmark: _Ref31275908]Figure 2 Another scenario where transparent satellite amplification type impacts UE mobility.
In addition to the amplification types, it will also be beneficial to clarify, whether the target of the selected amplification type can always be achieved or certain events (e.g. lack of battery power, high load of users) will result in variations over time.
Proposal 1: RAN1 to define the feeder and service link type of amplification of a transparent satellite and potential limitations.
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. 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 [3].
Observation 1: It is beneficial for the 5G system / gNB to be aware of the transparent satellite’s (time-varying) gain factors.
The text of section 5.1.1 suggests the transparent satellite corresponds to an analogue RF repeater, but in principle the satellite could also sample and forward a digital version of the analogue transmissions. No matter the satellite mode, the gNB may in principle compensate for the timing advance and Doppler on the NTN-GW – satellite link. If such compensation is performed by the gNB, the UE would only need to handle the service link.
Proposal 2: RAN1 to clarify that the satellite does not terminate the Uu interface, which implies no manipulation of information context is performed.
Transparent satellites rely on a gNB located on Earth. The 3GPP should not define nor signal the exact gNB location nor the NTN-GW location to the UE (similar assumptions as in release 16), but it is worth discussing the implications of those locations. The combined service and feeder link provide the NR-Uu interface (i.e. UE-gNB interface) and thus the NTN-GW corresponds to the antenna system of a terrestrial gNB. Thus, if the gNB is located next to the NTN-GW the RF signals can be transferred directly. If the gNB is in a different location, it may not be possible to transfer the RF signals directly, but instead they need to be digitized and transported, e.g. over an IP network. The routing delay of such transport networks may be varying and thus impact the Nr-UU performance.
Observation 2: The gNB location relative to the NTN-GW may impact the NTN user experience.
To ensure that the unpredictable delay between gNB and NTN-GW does not harm the NTN user experience, it may be beneficial for RAN1 to define an assumption of a limit on the maximum allowed delay. The actual delay limit is an architecture issue, which should be addressed by RAN3.
Proposal 3: RAN1 to define an assumption of the maximum tolerable gNB – NTN-GW delay.
Feeder link
As stated previously, the location of the gNB relative to the NTN-GW may impact the NTN user experience, and therefore it is beneficial to clarify whether a feeder link switch is also a gNB switch. In other words, can one gNB serve the same satellite through more than one NTN-GW over time, where the NTN-GWs may be separated 1,000s of kilometers? If the CU-DU split architecture is used, the UEs will still see a PCI change, when the satellite switches from the DU of the first NTN-GW to the DU of the second NTN-GW.
Observation 3: A feeder link switch for a transparent satellite may result in a cell switch.
Alternatively, the gNB may initially be connected to the UE through one satellite with a feeder link from one NTN-GW, but after some time connect to the UE through another satellite, which has feeder link connection with the same NTN-GW. In that scenario, the gNB remains the same, but the links of the Uu interface change, which would require time-frequency resynchronization. 
Observation 4: A gNB may switch links of the Uu interface from one satellite and feeder link to another satellite and feeder link, originating from the same NTN-GW.
Before a feeder link switch, the gNB may notify the UE about the imminent event, and provide the UE with information on when the switch will happen, the duration of the resulting transmission gap and potentially further assistance information to facilitate fast reconnection. The knowledge of the gap is useful for the UE, because it can potentially continue obtaining service after the switch without declaring RLF, flushing of HARQ and reset of MAC.   
Observation 5: An NTN UE may be informed about imminent switch events including the resulting transmission gap.
Proposal 4: RAN1 to clarify impact of feeder link switch and benefit of signalling assistance information for imminent switch events.
In the TR 38.821 [2], the propagation delay for a transparent satellite is specified to be twice the delay of a regenerative satellite (25.77 ms versus 12.89 ms for 600 km LEO, table 4.2-2). However, this implies the NTN-GW is located at the same distance to the satellite as the UE is. This is an assumption, which needs further clarification, because the feeder link operates with a different (better) link budget, which could allow longer propagation distances, and thus also longer delays. Furthermore, this delay varies as the satellite moves. Similarly, in our RAN2 contribution [9] there is a proposal to introduce a function describing the time-varying feeder link delay, and for consistency there is a need to know the maximum possible feeder link delay. Hence, we propose the following

Proposal 5: RAN1 to define an assumption on the maximum feeder link delay.
Inter-Satellite Link
In the TR 38.821 [2] architectural description of transparent satellites, there is a comment on inter-satellite link (ISL):[bookmark: _Toc26620916]5.1.3	NG-RAN impacts
There is no need to modify the NG-RAN architecture to support transparent satellite access.
NR-Uu timers may have to be extended to cope with the long delay of the feeder link and service link.
In the context of a LEO scenario with ISL, the delay to be considered shall encompass at least the feeder link (SRI) and one or several ISLs. 

The ISLs add complexity to the transparent satellite, but they also have a purpose in the sense of range extension. For example, a transparent satellite located over the Pacific or Atlantic Oceans may not be able to directly communicate with an NTN-GW. Instead, the transparent satellite may utilize ISL to connect through one or more hops of other satellites to an NTN-GW. The one or more ISL hops add to the total delay of the NR-Uu interface, and thus the supported delay range must be extended. The absolute delay number depends on the number of ISL hops, the distance between the satellites, and processing/routing delay of the ISL within each satellite. In order to standardize an NTN system with support for ISL, the 3GPP must define the maximum additional delay. Furthermore, the ISL may also have an impact on the feeder and service link path gain.
Proposal 6: RAN1 to define the maximum additional NR-Uu delay due to use of ISL and potential path gain impacts.
GNSS
In the objectives of the work item [1] it is defined that “UEs with GNSS capabilities are assumed”. However, the exact capabilities of the GNSS are not defined, and thus it is also not clear to what extend the GNSS information can be applied in the NTN. A generic group of applications include
A. Country identification. The required location accuracy is low and the time periodicity for updates is long. 
B. Mobility assistance. Medium location accuracy in the order of 100-1000 m may be needed, with more regular updates.
C. Physical layer signaling adjustment including timing advance and Doppler. High location accuracy and continuous updates are required to support proper physical layer operation. 
Observation 6: GNSS can be applied in NTN for country identification, mobility assistance, and physical layer signalling adjustment, but with increasing device cost and power consumption.
Furthermore, there may be different classes of GNSS capabilities, in the sense that a car/plane/ship may employ a very accurate GNSS, while a handheld device may use something less accurate, because there is a trade-off between device cost, power consumption, and accuracy.
Proposal 7: RAN1 to discuss GNSS usage applications and whether one or more GNSS capabilities classes are needed for NTN.
Moreover, each of these use cases may require significantly different accuracy magnitudes. For example, the country identification, which depends solely on the UE position, may operate with an accuracy of hundreds of meters or just a couple of kilometres. On the other hand, timing synchronization (time advance estimation), for instance, depends not only on the UE position but also on some network-related information (e.g. satellite ephemeris) and may not tolerate more than a few microseconds of inaccuracy. 
Observation 7: Some GNSS assisted solutions may depend solely on the UE position information (e.g. country identification), whereas others depend on other source of information (e.g. satellite ephemeris for time synchronization).
Observation 8: Different use cases may require different accuracy in the use of GNSS-assisted information. 
Proposal 8: The error model used to estimate the GNSS-assisted information accuracy should consider additional sources of inaccuracy when the solution does not depend solely on UE position. 
For example, in the case of using GNSS to calculate relative distance/speed for time or frequency synchronization in uplink, there are several sources of inaccuracy to be considered, namely:

1) Lag of the ephemeris information: It still to be decided how the ephemeris information will be made available for the UEs. But some lag will likely be present between the generation of the updated ephemeris data and the moment the UE access this information. For example, if the ephemeris is made available through SIB, its minimum periodicity will be on the order of dozens of ms. Therefore due to the satellite's high relative speed up to 7000 m/s, this lag may introduce inaccuracy to the satellite location information.
2) Precision on the ephemeris data: it is still to be decided by 3GPP the format of the ephemeris information data. The precision of the ephemeris data (which is linked to the number of bits reserved for this information) is also another potential source of inaccuracy. 
3) GNSS inaccuracy: The official page of GPS describes several factors that may degrade the GPS positioning accuracy of the UE [5]. For example: signal blockage from buildings, signal reflection (multipath), radio interference or jamming, solar storms, satellite maintenance/maneuvers, quality of the GPS device. 
4) Orbit Perturbation: As described in [6] there are several factors that may interfere to the satellite, causing deviation from the pre-designed orbit. Example: atmospheric drag, solar radiation pressure, Earth oblateness and gravity of other celestial bodies. For LEO satellites, over long periods of time, this may lead to significant displacement of the satellite from the original orbit [7]
5) Altitude Modelling: Some GNSS devices utilize the ellipsoid model provided by the WGS 84 model to provide altitude information, which may differ from the actual Earth geoid in several hundreds of m and therefore introduce inaccuracy in the position estimation. 

Observation 9: There are several sources of inaccuracy for estimating the time/frequency synchronization between UE and gNb by using GNSS location: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, orbit perturbations and altitude modelling. 
The items 1,2 and 4 are sources of inaccuracy on the estimation of the satellite location. In case of transparent scenarios, they may account twice for the total distance estimation, as it will impact the estimation of gNb-satellite distance and UE-satellite distance. 
Observation 10: The precision and lag of the ephemeris data and orbits perturbation may have double effect in transparent scenarios.
In the case of DL timing synchronization, for example, if the delay estimation is required to be on the same magnitude order as the cyclic prefix (a few microseconds) the total positioning inaccuracy may not be allowed to surpass this limit.  
Proposal 9: RAN1 to discuss the total allowed GNSS inaccuracy for different GNSS assisted use cases. And wether the use of GNSS is feasible for certain use cases.
In addition to the basic GNSS functionality as provided by GPS, Glonass, Galileo etc, it is possible to provide assistance information including satellite almanac, terrestrial signals, or other Information Elements such as GNSS-IonosphericModel , GNSS-DifferentialCorrection, or GNSS-ReferenceTime [8]. It must be considered which of these assistance information options are available and when/where they are available. For example, reference Real Time Kinematic assistance signals may not be valid more than some 10s of kilometer from the reference station. Therefore, such terrestrial-based assistance information is not applicable in many of the remote areas, where the NTN is targeted to be used.
Proposal 10: RAN1 to discuss which GNSS assistance information is available to the NTN UE.
Most GNSS are focused on providing accurate location in the X-Y domain, while the Z/altitude is less optimized. It must be considered whether this is also the case for NTN devices and what the impact is. Furthermore, the UE may be mobile and thus impact the accuracy of the GNSS position.
Combining the above observations, it is concluded that it will be beneficial for 3GPP to define the GNSS usage applications and achievable accuracy for one or more NTN device classes. To evaluate the impact of those definitions a GNSS model is needed. Such a model could be a simple Gaussian variable defining mean error and variance in 3D, but it would need to be complemented with a definition of validity time / update rate, and be defined for each of the potential applications. The validity time is critical since changing signalling conditions can impact the accuracy of the reported location.
Proposal 11: RAN1 to define at least one GNSS accuracy model in 3D space and with time varing behaviour.
Due to the additional cost and power consumption of the GNSS used for applications B and C, and the impact of limited GNSS accuracy it is proposed that companies demonstrate the benefit of using GNSS for mobility assistance (application B) and physical layer signalling adjustment (application C), when considering a GNSS accuracy model while also considering the associated costs (device price and power consumption).
Proposal 12: Companies need to demonstrate the benefit of GNSS for mobility assistance and physical layer signalling adjustment, when considering achievable GNSS accuracy and update rate.
Furthermore, in case the physical layer signalling adjustment (e.g. timing advance and Doppler) is targeted, it must be clarified how the UE determines which satellite it is compensating towards. Currently, the satellite ephemeris does not include the Physical Cell Identity (PCI) while the UE attempting initial access to a cell is only aware of the PCI (obtained through the PSS and SSS of the SSB). This means the UE is unable to map the PCI to the satellite location and thus the UE cannot determine the required compensation based on its (GNSS) location and satellite ephemeris. The problem is even more challenging for Earth-fixed cells, where the mapping between satellite and PCI is only valid for a short duration of time, until the next satellite “inherits” the PCI and initiates service in the area of the UE.
Observation 11: the UE is unable to autonomously perform TA and Doppler adjustment using its GNSS-based location, because it cannot map the observed PCI to a satellite location.
Conclusion
In this document we have made the following observations and proposals:
Observation 1: It is beneficial for the 5G system / gNB to be aware of the transparent satellite’s (time-varying) gain factors.
Observation 2: The gNB location relative to the NTN-GW may impact the NTN user experience.
Observation 3: A feeder link switch for a transparent satellite may result in a cell switch.
Observation 4: A gNB may switch links of the Uu interface from one satellite and feeder link to another satellite and feeder link, originating from the same NTN-GW.
Observation 5: An NTN UE may be informed about imminent switch events including the resulting transmission gap.
Observation 6: GNSS can be applied in NTN for country identification, mobility assistance, and physical layer signalling adjustment, but with increasing device cost and power consumption.
Observation 7: Some GNSS assisted solutions may depend solely on the UE position information (e.g. country identification), whereas others depend on other source of information (e.g. satellite ephemeris for time synchronization).
Observation 8: Different use cases may require different accuracy in the use of GNSS-assisted information. 
Observation 9: There are several sources of inaccuracy for estimating the time/frequency synchronization between UE and gNb by using GNSS location: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, orbit perturbations and altitude modelling. 
Observation 10: The precision and lag of the ephemeris data and orbits perturbation may have double effect in transparent scenarios.
Observation 11: the UE is unable to autonomously perform TA and Doppler adjustment using its GNSS-based location, because it cannot map the observed PCI to a satellite location.

Proposal 1: RAN1 to define the feeder and service link type of amplification of a transparent satellite and potential limitations.
Proposal 2: RAN1 to clarify that the satellite does not terminate the Uu interface, which implies no manipulation of information context is performed.
Proposal 3: RAN1 to define an assumption of the maximum tolerable gNB – NTN-GW delay.
Proposal 4: RAN1 to clarify impact of feeder link switch and benefit of signalling assistance information for imminent switch events.
Proposal 5: RAN1 to define an assumption on the maximum feeder link delay.
Proposal 6: RAN1 to define the maximum additional NR-Uu delay due to use of ISL and potential path gain impacts.
Proposal 7: RAN1 to discuss GNSS usage applications and whether one or more GNSS capabilities classes are needed for NTN.
Proposal 8: The error model used to estimate the GNSS-assisted information accuracy should consider additional sources of inaccuracy when the solution does not depend solely on UE position. 
Proposal 9: RAN1 to discuss the total allowed GNSS inaccuracy for different GNSS assisted use cases. And wether the use of GNSS is feasible for certain use cases.
Proposal 10: RAN1 to discuss which GNSS assistance information is available to the NTN UE.
Proposal 11: RAN1 to define at least one GNSS accuracy model in 3D space and with time varing behaviour.
Proposal 12: Companies need to demonstrate the benefit of GNSS for mobility assistance and physical layer signalling adjustment, when considering achievable GNSS accuracy and update rate.
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