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1 Introduction

In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”[2]. 
During 3GPP RAN WG1 #98 meeting in Prague the calibration and link budget framework for single satellite simulations has been agreed and captured in [2] and [3].

This document include some explanations about satellite beam are managed and possible application with NR.
This document also summarize the control loops in legacy satellite systems.
Finally, some considerations about the potential impacts of feeder switch over are discussed.

2 Satellite beam management

It exists mainly  three types of antenna polarization scheme:
· dual polarized with static polarization allocation per beam
· dual polarization with dynamic polarization allocation per beam
· single polarized 
Concerning beam hopping it also exists two categories of satellites:
· Beam hopping capable
· Non beam hopping capable
	
	Non beam hopping capable
	Beam hopping cable

	Dual polarized with static allocation per beam
	X
	X

	Dual polarized with dynamic allocation per beam
	
	X

	Single polarized
	X
	X


Non beam hopping capable satellites
In this case, there is no beam switching as such and each beam spot can be mapped on a cell that is very comparable to mono-sector cell without MIMO at satellite side.
Dual polarized with static polarization allocation per beam
This category is typically represented by Ku or Ka GEO broadband satellites (also called HTS or VHTS satellites).
In this category, polarization repartition is fixed by antenna design and cannot be changed dynamically. Some may offer some flexibility in the way of spreading the power and/or the bandwidth between the beams.
Typically, they rely on a minimum of 4 colours where polarization is one of the dimension and frequency is the other dimension.
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Figure 1 : Example of “4 colors” allocation with static polarization allocation and non-beam hopping capable satellite
NR beam allocation can be straight forward: one PCI per beam spot and one SSB per PCI.
Each beam is a different cell with a different NR carrier and CIR performances are ensured by the colour scheme. If CIR is not sufficient additional colours is introducing by sub-dividing the bandwidth.
A non-beam hopping capable satellite with statically allocated dual polarization permits to generate a cell per beam NTN solution
Single polarized
It is typically the case of existing GEO & NGSO satellites operating in L/S or C band. 
Color schemes in these satellites can only rely on frequency dimension. This allocation can be configurable or fixed by design.
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Figure 2 : Example of “3 colors” allocation with single polarization and non beam hopping capable satellite
The previous diagram shows a “3 colors” allocation example. Each beam has a dedicated PCI and one SSB. It can therefore be considered as a cell with its carrier.
A non-beam hopping capable satellite with a single polarization permits to generate a cell per beam NTN solution
Beam hopping capable satellite
In this use case the number of beams is often not sufficient to cover all the coverage instantaneously. Beams are therefore dynamically modified and/or illuminated to ensure a complete coverage in average or address only parts of the coverage with UEs registered in them.
Dual polarized with static polarization allocation per beam
If we consider the use of polarization as part of the frequency reuse scheme, we lay in the typical case of beam hopped GEO satellites in Ku & Ka.
They typically rely on switches at antenna input and/or outputs.
They also typically rely on cyclic switching patterns at time slot levels.
These cyclic patterns may be changed regularly adapting on traffic global distribution per beam statistics.
Concerning frequency reuse scheme. It can still rely on polarization and frequency but now time can be also considered as a third dimension.
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Figure 3 : Example of “4 colors” fixed allocation with dual polarization and beam hopping capable satellite
The previous example shows a 4 colours scheme using antenna polarization and a by 2 time division.
In this example we assume to use to SSBs every 20ms and as there is 1 SSB per half frame we assume to use SSB0 & SSB2.
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Figure 4 : SSB allocation per beam
What it worth to notice is that in this case, 2 spots beams have the same PCI but different SSBs. That mean these two beams with a same PCI are representing a single cell.
A way to share the time capacity would be to alternatively serve one beam after each other leading to an equally distributed resources between the two beams of a same cell.
A beam hopping capable satellite with statically allocated dual polarization permits to generate a cell relying on several beams and sharing the radio resource in the time domain.
Dual polarized with dynamic allocation per beam
In this case, also, the two polarizations can be used in two different ways:
•	As a dimension of the frequency reuse scheme
•	As a mean to provide 2x2 cross-polar MIMO
In the first case, the main difference with the previous scheme is the new ability to construct dynamically the frequency reuse scheme with using polarization as an helper to insure proper C/I.
For instance, if a beam/cell as to be protect of interference to permit the use of large C/(N+I), the use of a different polarization in neighbour beams/cells permits to insure this requirement.
In the last case it is important to notice that:
•	The polarization scheme (linear or circular) shall be the same as UE AND satellite side.
•	It is totally comparable with the single polarized scheme with added advantage of MIMO transmission and reception effect
A beam hopping capable satellite with dynamically allocated dual polarization permits to enhance performances using cross-polarization MIMO and/or provide dynamic C/I optimization
Single polarized
In this case C/I mitigation only rely on frequency and time allocation without any help of cross-polarization isolation.
With single polarization, polarization cannot be used to improve C/I. However beam hopping techniques can be used to mitigate it by managing beam illumination with sufficient spatial separation between them.
3 Satellite channel, AMC and power control
Control loops in legacy SATCOM systems
Legacy deployed SATCOM broadband radio access solutions for more than a decade, embed control loops to optimize the power and the MCSs.
AMC downlink loop
In typical legacy systems, the UE provide two types of information on downlink reception:
· SNR
· Optionally a preferred MCS
gNB elaborate the final used MCS. If preferred MCS is provided, gNB is free to use it or to re-compute it.
AMC & power control uplink loops
In typical legacy systems, the gNB demodulator perform SNR, frequency and timing errors measurement on PRBs and the UEs provide power headroom indication.
From these measurements the gNB elaborates commands to UEs: 
· Frequency correction
· Timing correction (equivalent to timing advance)
· Power correction
· Symbol rate
· MCS to be used
Existing legacy SatCom systems provides means to implement control loops. The computation from measurement values and resulting commands are let to implementation
The computation of measurement values and resulting commands is an implementation issue
Typical use case
Three main use cases are foreseeable:
· GEO satellite
· LEO satellites with fixe UEs
· LEO satellites with mobile UEs
GEO satellite use case
In this use case, link budget variation is mainly due to atmospheric condition variations.
In first generation systems, a fixed margin is used to handle  the delay between the measurement and the effective application of the modification. 
This delay is typically a bit more than 1s in a GEO case. The value of the margin varies from barely 0dB in a L/S band case to a value between 1 and 1.5dB in a Ka case.
In the second generation systems, a predictive filtering is used on the SNR measurement using statistical filters like GARCH filters. In clear sky conditions the filter reduce the required margin to nearly 0dB but when atmospheric conditions start to change and the attenuation slop is increasing, the margin is progressively restored.
A regular feedback in the time frame of the second is sufficient in GEO use cases.
LEO satellites with directional antenna UEs
We are in a case very similar to GEO regarding atmospheric conditions but, in addition, large slant range and therefore path loss variations occurs due to satellites movements.
As the satellite positions and UEs positions are well-known the path loss variations can be very well predicted and compensated.
A regular feedback with a pre-compensation of the path loss variations is sufficient in a LEO satellites with directional antenna UEs use case
Impacts of the constellation movements can be accurately predicted and compensated
LEO satellites with omnidirectional antenna UEs
In this use case, on one hand, atmospheric conditions is not an issue as typical systems relies on L/S/C-Bands for link budget reasons.
The effect of satellite movements still can be compensated and even the UEs mobility can be taken into account when they are localised.
On the other hand, shadowing and masking effect can appears. In this case the solutions go from a simple additional fixe margin to more sophisticated predictive filtering.
Anyway regarding NR, this kind of issued are already handled by the standard and as satellite conditions are not foreseen to be as harsh as in a terrestrial use cases [1], at this stage no impact on the standard is foreseen.
It will be rather a matter of implementation of more or less optimized and/or aggressive prediction of the shadowing losses.
Impacts of the fading is not expected to be as harsh as in terrestrial use cases.
No modification on the standard for control loops (e.g. AMC or power)  is necessary for NTN.
4 Impacts of feeder link switch over on NR physical layer aspects
Problem statement
During last meeting in China, the offline FL summary  on NTN physical layer control procedures captured the following recommendation :
· Companies are encouraged to study the impact of feeder/service link switch on NTN PHY layer.
· Potential work item formulation and/or TR should consider RAN1 impact due to feeder/service link switch as appropriate. 
In R1-1910981, Ericsson suggested that RAN1 should identify the impact of feeder/service link switch on NTN PHY layer. In particular, the impacts on the following issues should be treated :
•	Coping with transmission interruptions
•	Timing Advance (TA) update
•	Time/frequency re-synchronization
•	Random access attempts 
Transparent vs regenerative scenarios
From our understanding, the feeder link switch over may have an impact on PHY layer for scenarios involving transparent satellite payload. However, in the case of regenerative satellite, the feeder link management can be decoupled from what is happening on the service link (no impact on NTN physical layer).
Feeder link switch over may impact PHY layer for scenarios involving transparent satellite payload. 
In the case of regenerative satellite, the feeder link switch over can be decoupled from what is happening on the service link. As a consequence, no impacts on NTN physical layer are expected.
HO based solution
Moreover, based on what has been captured in TR38.821 [2], it seems that one HO based solution for transparent LEO NTN has already been proposed. The following section and figure are directly extracted from [2] :
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Figure 8.7.1.1-2 Feeder link switch over for LEO transparent satellite with two feeder links serving the satellite during the switch
Figure 8.7.1.1-2 shows one possible solution to enable service continuity for feeder link switch. At time T1, the satellite is approaching the geographical location where the transition to be served by next GW will happen. At time T1.5, the satellite is served by two GWs and at time T2 the transition to next GW is finished.
Assuming two feeder link connections serving via the same satellite during the transition (time T1.5 in Figure 8.7.1.1-2), there exists a HO based solution that should be feasible with Rel-15 or close to Rel-15 assumptions. This assumes that it is possible to represent cells of two different gNBs over a given area via the same satellite but via different NTN-GWs. During the switch, the gNB2 which serves the satellite via GW2 may start transmitting the CD-SSBs of its cells on synchronization raster points that are different from those of the gNB1. UEs could be have a HO from PCI belonging to gNB1 to PCI belonging to gNB2. This could be blind a HO (network decision without measurement) or assisted with measurements.
Based on this solution, we do not see particular issue w.r.t transmission interruptions, TA update, time/frequency re-synchronization and random access attempts :
· Coping with transmission interruptions : With this solutions the service link transmission of gNB1 is interrupted when all the camped UEs have been handed over gNB2.
· Timing Advance (TA) update : A new TA is acquired during the HO procedure.
· Time/frequency re-synchronization : We do not see any specific issue linked to UE re-synchronization with gNB2 as long as synchronization requirements based on TR38.821 assumptions are met.
· Random access attempts : Due to the predictive nature of feeder switch over, the UEs camped in the cell served by gNB1 can be progressively handed over to gNB2. This way, one can limit the risks of overloading the network.
The consequence of such solution is that all the UEs camped in the cell must perform a HO every time a feeder switch over is needed. However, one can design the satellite system such that these events frequency is reasonable.
Finally, one possible option to enable cells of two gNBs via the transparent satellite over a given area  is to separate the gNBs carriers in the frequency domain.
Existing NR hand-over procedures used for feeder link switch over do not impact NR physical layer design.
”Seamless” transition solution
From our understanding, all the issues mentioned earlier applies when this type of solution is applied where the feeder link coming from NTN GW1 is suddenly interrupted to be replaced by the feeder link coming from NTN GW2 (see Figure 1). To do this, the gNB context should be preliminary loaded on the GW2 side.


[bookmark: _Ref23934563][bookmark: _Ref23934559]Figure 5 ”Seamless” feeder link switch over

From UE perspective, the physical cell is camping on remains the same. However, the synchronization in time and frequency with the gNB can be affected by the switch over since the DL framing may be suddenly change (see Figure 2).


[bookmark: _Ref23934751]Figure 6 : Feeder switch over impact on DL framing
In these conditions, we agree that the aforementioned impacts pointed out by Ericsson should be investigated.
Seamless transition solution to feeder link switch over may impact NTN PHYlayer performance. 
The nature and degree of the performance degradation introduced by seamless feeder switch over should be investigated before considering any PHY layer enhancement to ensure a smooth transition while performing seamless feeder link switch over.
However, from our point of view, based on the limited amount of time before the end of the NTN SI, HO based solution to feeder switch over should be consider as the baseline. As a consequence, the impacts of seamless feeder switch over on NTN PHY layer performance as well as the associated solutions to enhance PHY layer procedures can be discussed during WI phase. 

HO based solution to feeder switch over to be consider as the baseline. 
The impacts of seamless feeder switch over on NTN PHY layer performance as well as the associated enhancements can be discussed during WI phase.


Conclusion

In this paper, the following proposals and observations have been made :

1. : A non-beam hopping capable satellite with statically allocated dual polarization permits to generate a cell per beam NTN solution
: A non-beam hopping capable satellite with a single polarization permits to generate a cell per beam NTN solution
: A beam hopping capable satellite with statically allocated dual polarization permits to generate a cell relying on several beams and sharing the radio resource in the time domain.
: A beam hopping capable satellite with dynamically allocated dual polarization permits to enhance performances using cross-polarization MIMO and/or provide dynamic C/I optimization
: With single polarization, polarization cannot be used to improve C/I. However beam hopping techniques can be used to mitigate it by managing beam illumination with sufficient spatial separation between them.
: Existing legacy SatCom systems provides means to implement control loops. The computation from measurement values and resulting commands are let to implementation
: A regular feedback in the time frame of the second is sufficient in GEO use cases.
: A regular feedback with a pre-compensation of the path loss variations is sufficient in a LEO satellites with directional antenna UEs use case
Impacts of the constellation movements can be accurately predicted and compensated
: Impacts of the fading is not expected to be as harsh as in terrestrial use cases.
Feeder link switch over may impact PHY layer for scenarios involving transparent satellite payload. 
In the case of regenerative satellite, the feeder link switch over can be decoupled from what is happening on the service link. As a consequence, no impacts on NTN physical layer are expected.
Existing NR hand-over procedures used for feeder link switch over do not impact NR physical layer design.
Seamless transition solution to feeder link switch over may impact NTN PHYlayer performance. 
The nature and degree of the performance degradation introduced by seamless feeder switch over should be investigated before considering any PHY layer enhancement to ensure a smooth transition while performing seamless feeder link switch over.

1. : The computation of measurement values and resulting commands is an implementation issue
1. : No modification on the standard for control loops (e.g. AMC or power) is necessary for NTN.
1. HO based solution to feeder switch over to be consider as the baseline.
1. The impacts of seamless feeder switch over on NTN PHY layer performance as well as the associated enhancements can be discussed during WI phase.
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