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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.




In RAN2#104, the following is agreed for mobility:


Agreements:
1.	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.  
2.   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.  
3.	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)
4.	Consider Rel-15 definitions as a baseline for NTN
5.	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 option. 





In this paper, we initiate discussion related to feeder link switch for LEO NTN.
Discussion

In RAN2#105bis, RAN2 agreed on the following TP on feeder link switch for regenerative LEO. It is written that it could apply to Architecture Options 3-5 with FFS on split gNB. However, RAN3 agreed on the following TP for the regenerative LEO. It gives further details on the option with gNB on board and with gNB-DU on board. What can be observed is that for the option gNB on board, the text added by RAN3 gives further RAN3 specific details and thus the text added by RAN2 could have a reference to this section. Further it can be observed that on the case gNB-DU on board seems to be more similar to the transparent case than to the gNB on board case and the text added by RAN2 needs to be updated to reflect this.
Further, the TR currently has FFS for feeder link switch solution for the transparent case. We propose to capture the TP in appendix to provide one possible solution for that to enable service continuity for transparent LEO during feeder link switch.

[bookmark: _Toc7428010][bookmark: _Toc16599733][bookmark: _Toc16607202]RAN2 to align the feeder link related text in TR to correspond additions provided by RAN3. 
[bookmark: _Toc16599734][bookmark: _Toc16607203]RAN2 to capture feeder link switch for transparent LEO to enable service continuity for transparent LEO during feeder link switch
[bookmark: _Toc7428011][bookmark: _Toc16599735][bookmark: _Toc16607204]RAN2 agree on the TP found in appendix.


Conclusion
We propose the following:
Proposal 1	RAN2 to align the feeder link related text in TR to correspond additions provided by RAN3.
Proposal 2	RAN2 to capture feeder link switch for transparent LEO to enable service continuity for transparent LEO during feeder link switch
Proposal 3	RAN2 agree on the TP found in appendix.
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Appendix

------------------------start of TP1------------------------------------

7.3.2.1 Connected mode mobility for feeder link switch for LEO NTN [18]
Connected mode mobility for feeder link switch, or due to interface change, from the network perspective is captured in Sections 8.7.6. and 8.8.  From Uu perspective, there is difference between Architecture Option 1 that is transparent payload and Architecture Options 2-5 (listed in Section 8.7.1) that are regenerative payload. 
7.3.2.1.1 Transparent LEO NTN, Architecture Option 1
[image: ]
Figure 7.3.2.1.1-1 Feeder link switch for transparent LEO NTN
Figure 7.3.2.1.1-1 shows the feeder link switch for transparent LEO. As seen from the figure, in the transparent case the gNB is on earth thus there will be a switch from gNB1 to gNB2. If the satellite can be served by one feeder link at a time it means that with Rel-15 NR assumptions the RRC connection for all UEs served by the gNB1 (via GW1) needs to be dropped. After gNB2 (via GW2) takes over, the UEs may be able to find the reference signals corresponding to gNB2 and perform initial access on a cell belonging to gNB2.
Figure 7.3.2.1.1-2 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.
[image: ]
Figure 7.3.2.1.1-2 Feeder link switch over for LEO transparent satellite with two feeder links serving the satellite during the switch

Assuming two feeder link connections serving via the same satellite during the transition (time T1.5 in Figure 7.3.2.1.1-2), 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.
Editor’s note: FFS on details how to enable cells of two gNB via the transparent LEO satellite.

7.3.2.12.2 Regenerative LEO NTN with gNB as payload, Architecture Options 3-5
In the regenerative LEO, in one of the architecture options, the gNB is onboard of the satellite as payload. From Uu perspective, this case is considerably simpler than the transparent LEO NTN as the Uu is only via service link and via service and feeder links. The feeder link switch is transparent at Uu interface as long as the security keys of the gNB can be preserved. Figure 7.3.2.2.2-1 depicts the situation.

[image: ]
Figure 7.3.2.2.2-1 Feeder link switch over for regenerative LEO with gNB as payload

Editor’s note: FFS whether this applies also for Regenerative satellite with split gNB (Sec. 5.3.2);
7.3.2.1.3 Transparent LEO NTN, Architecture Option 1

In the bent-pipe case, the gNB is on Earth, thus there will be a switch from gNB1 to gNB2 and the switch will happen on the Uu interface. If the satellite can be served by one feeder link at a time it means that with Release 15 NR assumptions the RRC connection for all UEs served by the gNB1 (via GW1) needs to be dropped. After gNB2 (via GW2) takes over, the UEs may be able to find the reference signals corresponding to gNB2 and perform initial access to a cell belonging to gNB2. 
In order to enable service continuity, the satellite needs to be connected to two gNBs at the same time during the switch as shown in Figure 7.3.2.2.x. Assuming two feeder link connections serving the same satellite during the transition, there exists a HO based solution that should be feasible with Release15 or close to Release15 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 SSBlocks of its cells on synchronization raster points that are different from those of the gNB1. UEs could have a HO from the PCI belonging to gNB1 to the PCI belonging to gNB2. This could be a blind HO (network decision without measurement) or possibly assisted with measurements. The latter option means the UE would measure the signal quality of the new cells and report those results to the network before the handover. This introduces delay in the procedure, and as the cells are covering the same geographical location and are transmitted from the same satellite, it is likely that obtaining measurements from the UE is not needed in this case.
[image: ]
Figure 7.3.2.2.x Feeder link switch over for transparent LEO 


------------------------end of TP1----------------------------------
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