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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 [3]. 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 transparent and regenerative LEO NTN scenarios.
Discussion

This document attempts to merge input from R2-1910544 and R2-1910698 to capture solutions related to feeder link switch for LEO NTN.

[bookmark: _Toc7428011][bookmark: _Toc16599735][bookmark: _Toc16607204][bookmark: _Toc17800884]RAN2 agree on the TP found in appendix.


Conclusion
We propose the following:
Proposal 1	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, different gNBs
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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. The two gNBs may utilize different radio resources of the transparent satellite to ensure both gNBs are visible to the UE (overlapping coverage areas) simultaneously. 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. Alternatively, the gNB1 may be present for a first time-period and configure a conditional handover to the gNB2, after which the gNB2 is available for a second time-period where the UEs can then perform the radio handover. Furthermore, the mobility solution may need to also mitigate for the fact that the UEs may observe very similar RSRP/RSRQ of the service links, provided by the source and target gNBs, because the reference signals are transmitted from the same satellite. One solution may be to rely on radio propagation time instead or in combination with the RSRP/RSRQ radio measurements.
Editor’s note: FFS on details how to enable cells of two gNB via the transparent LEO satellite.

7.3.2.1.2.1 Transparent LEO NTN, Architecture Option 1, same gNB

It is also possible the transparent satellite is served before and after the feeder link switch by the same gNB. In this case, both feeder links are connected to the same gNB, but through different NTN-GWs. 
Assuming two feeder link connections serving via the same satellite during the transition (Figure 7.3.2.1.2-1), It could be possible for the gNB1 to keep the DL reference signals and to keep the cell “alive”. In this case, it may be possible to not to need a HO if the security keys of gNB1 can be kept but there may merely be an interruption, or slight discontinuity in DL transmissions depending on how smooth the implementation for the switch is. 
Assuming only one feeder link connection serving via the same satellite during the transition, the satellite will need to first stop relaying using the feeder link connection with the NTN-GW1 and then start relaying using the target NTN-GW2. In this scenario the cell cannot be kept “alive” without interruption and there will be a discontinuity in DL transmissions as illustrated in Figure 7.3.2.1.2-2


[image: ][image: ]
[bookmark: _Ref14942971]Figure 7.3.2.1.2-2  Using 1 gNB and 2 feeder links in a transparent satellite. At time A) the gNB A is connected with the source NTN-GW and serving the UE. At time B) the gNB A is serving users via the target NTN-GW. 

7.3.2.12.32 Regenerative LEO NTN with full gNB as payload, Architecture Options 3-5
In the regenerative LEO scenarios, in one of the architecture options, the full 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 transmitted via service link as compared to being transmittedand via service and feeder links. The feeder link switch can be transparent at Uu interface as long as the security keys of the gNB can be preserved. Figure 7.3.2.1.3-1 depicts this situation.
The other situation, when using full gNB and one feeder link during the switch entails there will be a break in satellite – NTN GW connectivity, when the feeder link is switched from the source NTN GW to the target NTN GW. To smoothen the feeder link switch, the configuration of transport association for the target NTN-GW feeder link may be signalled before the source NTN-GW feeder link breaks. In principle, the gNB may continue to broadcast system information while the switch is ongoing, but refrain from scheduling any users, since the feeder link connectivity to Earth is not available. In this way, the cell(s) will not disappear from UE perspective. If the AMF does not change, the switch is transparent to the UEs except for a U-plane delay, because cell ID, MIB, SI remains the same. Figure 7.3.2.1.3-2 depicts this situation.
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Figure 7.3.2.12.32-1 Feeder link switch over for regenerative LEO with full gNB as payload with two feeder links serving the satellite during the switch

[image: ] [image: ] [image: ]
Figure 7.3.2.1.3-2 Feeder link switch over for regenerative LEO with full-gNB as payload with one feeder link serving the satellite during the switch
7.3.2.1.4 Regenerative LEO NTN with one gNB-DU as payload, Architecture Options 3-5

In case of having a CU-DU split with one DU on the satellite, while the CU is on the ground and one feeder link, the same gNB-CU may be connected to both the source and the target NTN GW the F1 may be re-routed to the target NTN GW at a specific point in time. In this case the switch may be transparent to the UEs except a user-plane delay. The gNB-DU may continue to broadcast system information, but not schedule UEs. Note that the gNB CU refers to a combination of gNB CU user plane or gNB CU control plane. This is reflected in figure 7.3.2.1.4
[image: ] [image: ] [image: ]
[bookmark: _Ref13578843]Figure 7.3.2.1.4-1 Using 1 gNB-DU on the satellite and 1 feeder link. At time A) the gNB-DU is connected with the source NTN-GW and serving the UE. At time B) the feeder link switch is taking place and the gNB-DU is not connected with any NTN-GW. The gNB-DU may still broadcast system information to the UE. At time C) the gNB-DU is serving users via the target NTN-GW. In case the gNB-DU connect to a new gNB-CU at time C) the UE would need to perform a handover or cell reselection.
If the gNB-CU is changed the gNB-DU will initiate the F1 setup procedure to connect with the next gNB-CU (note a gNB-DU can only connect to one gNB-CU at a time and thus the connection with the current gNB-CU must first be terminated). When the connection between the new gNB-CU and the gNB-DU is established through the target NTN GW the cell ID, MIB, and SI will need to be updated to reflect the new gNB-CU configuration. This will imply a drop of the connection for all UEs in the coverage area, who can reconnect to the new gNB-CU after the switch. The scenario is illustrated in Figure 7.3.2.1.4-2

[image: ] [image: ] [image: ]
[bookmark: _Ref13578856]Figure 7.3.2.1.4-2 Using 1 gNB-DU and 2 feeder links with no gNB-CU change.

If the gNB-CU is changed the UEs will be disconnected with RLF, because a HO requires both source to target CU to communicate with the DU on the satellite, and this is not possible because a DU can only be connected to one CU at a time. 
Editor’s note: FFS whether this applies also for Regenerative satellite with split gNB (Sec. 5.3.2);

7.3.2.1.2.5 Regenerative LEO NTN with two gNBs, or gNB-DUs as payload, Architecture Options 3-5

[bookmark: _GoBack]Having two gNB-DUs with individual feeder link connections entails the UEs may perform intra-gNB-CU inter-gNB-DU mobility (in case the gNB-CU does not change). This is significantly faster than a gNB-CU change, which corresponds to a regular gNB-gNB handover, but also includes F1 communication and the related delays. The scenario is illustrated in Figure 7.3.2.1.5-1.
------------------------end of TP1----------------------------------
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