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Introduction
In previous meetings, the following agreements have been made:
	Agreement in RAN1#96-Bis
· A, C2, D2 NTN scenarios for both S-Band and Ka-Band should be prioritized for RAN1 NTN Evaluation. Further prioritization among the relevant combinations of these configuration scenarios can be considered.
Agreement in RAN2#104
For Mobility RAN2 agreed: 
· Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI. This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).  This is up to SA2.  
· Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion.  
· Add text in TR 38.821 stating that association between NR PCI and NR SSBs is left for implementation (i.e. it will not be specified)
· Consider Rel-15 definitions as a baseline for NTN
· Both option a and b can be considered in NTN SI with one or multiple SSBs per PCI.  The TR will capture a figure for both options.


In this contribution, we address issues for NTN scenario C2 (LEO - transparent - moving beams) and D2 (LEO - regenerative - moving beams), with a special interest on
· Rain fade mitigation
· Intra-satellite mobility
Discussion
Rain fade mitigation
In Ka-Band, satellite communications are subject to rain attenuation, which is severe for significant time periods. To overcome the attenuation, adaptive modulation and coding (AMC) is one type of solutions, which is well discussed among companies in the previous meetings. However, power restoral techniques [4] are another type of solutions, that do not alter the basic signal format in the process of restoring the link but increase the signal power to “burn through” an attenuation event.
The received power density on a satellite downlink can be increased during path attenuation periods by switching to a satellite antenna with a narrower beamwidth. The narrower beamwidth, corresponding to a higher antenna gain, concentrates the power onto a smaller area on the earth’s surface, resulting in a higher Effective Isotropically Radiated Power (EIRP) at the ground terminal during the path attenuation.
Figure 1 shows coverage area contours (footprints) for four antenna beam diversity options, as viewed from a GEO satellite located over the United States. The 3-dB (half-power) beamwidth and on-axis gain (assuming 55% aperture efficiency) are shown with each contour. The EIRP at the ground terminal can be very significant. For example, the use of a metropolitan area spot beam antenna in place of a CONUS coverage antenna would provide 24.1 dB of additional EIRP.
[image: ]
Figure 1.  Coverage area contours (footprints) for four antenna beam diversity options; source: [4]
For those satellites that already have multiple antenna coverage antennas, it is possible to implement spot beam restoral with existing resources on the satellite. As an example, most INTELSAT vehicles [5] have hemispheric, regional, and metro area antennas available, with the ability to switch most users to each of the antenna systems as required.
[bookmark: _Toc7796840]In NTN, switching to a satellite antenna with a narrower beamwidth is used to increase EIRP at the ground terminal for rain fade mitigation.
Note that support of beam diversity options may not have any specification impact since RAN2 has agreed that satellite beams, satellites or satellite cells are not considered to be visible from UE perspective.
[bookmark: _Toc7796841]In NTN SI, support of satellite beamwidth switching has no specification impact.
Based on these above observations, we then propose
[bookmark: _Toc7796838]Support dynamic satellite-beamwidth switching for rain fade mitigation.
Intra-satellite mobility
However, the support of adaptive satellite beamwidth may result in a case of intra-satellite handover, i.e., spot beam switching under the same satellite operation. For example, as shown in Fig. 2, the satellite switches from the time zone beams to the regional spot beams, that may increase EIRP at a ground user equipment (UE), but also force the UE to perform intra-satellite handover.
[image: ]
Figure 2. An illustration of intra-satellite handover due to antenna beamwidth switching
The intra-satellite handover, based on TR 38.821 [6], can be classified into the following cases:
· Case #1: Inter-gNB handover for NTN scenario C2 (LEO - transparent - moving beams)
· Case #2: Intra-gNB handover for NTN scenario C2 and D2 (LEO - regenerative - moving beams)
· Option A, same PCI for several satellite beams
· Case #2-1: Intra-cell mobility (beam management)
· Case #2-2: Inter-cell handover
· Option B, one PCI per satellite beam
· [bookmark: _GoBack]Case #2-3: Inter-cell handover
Among all cases, for transparent satellites, even with the intra-satellite handover, the same satellite can also connect to different gNBs on the ground, so that inter-gNB handover procedure may be triggered [8]. For regenerative satellites, even with intra-gNB handover, that could be inter-cell handover or intra-cell mobility, that depends on the association between satellite beams and NR cells, i.e., Option A and B above.
In Rel-15 NR, for handover in a connected state, the device does not make any decisions of its own when it comes to handover to a different cell. Rather, based on different triggering conditions, for example, the relative power of a measured SS block compared to the current cell, the device reports the result of the measurements to the network. Based on this reporting the network decides as to whether the device is to handover to a new cell. This reporting is done using RRC signalling, not covered by the Layer-1 [7].
As a result, among all cases, only case #2-1 can be covered by the Layer-1 signalling. The rest of cases may need to be covered by higher layers using RRC signalling, which may not be efficient in NTN scenarios.
[bookmark: _Toc7796842]Satellite beam switching, even within the same satellite, may require RRC signalling in most of the cases, which may not be efficient in NTN, regarding the propagation delay.
The case #2-1 can be handled by Beam Level Mobility, e.g., beam management, in Rel-15 NR, that does not require explicit RRC signalling to be triggered. That means, it is dealt with at lower layers and RRC is not required to know which beam is being used at a given point in time, which may be beneficial to NTN.
[bookmark: _Toc7796839]Reuse the beam management framework of Rel-15 NR for Intra-Cell mobility in NTN.
[bookmark: _Hlk7712067]However, for the case #2-1, it is unclear whether N-factor frequency reuse pattern (e.g., 4-color frequency reuse) for Option A (the same PCI for several satellite beams) is supported. If supported, i.e., each satellite beam may have its own carrier/frequency, then the beam management framework in Rel-15 NR may need a modification to achieve cross-carrier/cross-frequency beam switching. 
[bookmark: _Toc7796843]For Option A (the same PCI for several satellite beams), it is unclear whether the N-factor frequency reuse pattern on satellite beams is supported. 
Note that if we follow Rel-15 NR spec, satellite beams that share the same PCI shall be operated in the same frequency.
Conclusion
In this contribution, we have the following observations and proposals.
Observation 1	In NTN, switching to a satellite antenna with a narrower beamwidth is used to increase EIRP at the ground terminal for rain fade mitigation.
Observation 2	In NTN SI, support of satellite beamwidth switching has no specification impact.
Observation 3	Satellite beam switching, even within the same satellite, may require RRC signalling in most of the cases, which may not be efficient in NTN, regarding the propagation delay.
Observation 4	For Option A (the same PCI for several satellite beams), it is unclear whether the N-factor frequency reuse pattern on satellite beams is supported.
Based on the above observations, we then have the following proposals.
Proposal 1	Support dynamic satellite-beamwidth switching for rain fade mitigation.
Proposal 2	Reuse the beam management framework of Rel-15 NR for Intra-Cell mobility in NTN.
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Figure 8.1 Antenna beam diversity options. (Source: Ippolito [1); reproduced by permission of © 1986
Van Nostrand Reinhold.)
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