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[bookmark: _Toc6470731]5.4	Multi connectivity involving NTN-based NG-RAN (FFS)
[bookmark: _Toc6470732]5.4.1	Overview
This clause discusses multi connectivity [5], either for transparent or regenerative NTN-based NG-RAN, and in combination or not with terrestrial-based NG-RAN (NR or EUTRA). The focus is on dual connectivity with simultaneous use of two radio access.
This may apply to transparent satellites as well as regenerative satellites with gNB or gNB-DU function on board.
A number of service scenarios as described in TS 22.261 (e.g. user in residential homes, in vehicles, in high speed trains or on board airplanes), would benefit from the combination of terrestrial and non-terrestrial access to meet the targeted service performances in terms of data rate and/or reliability.
In underserved areas, the bandwidth provided by a terrestrial based access (e.g. LTE) may be limited at cell edge. Adding a NTN based NG-RAN will enable to achieve the targeted experience data rate.
Under some scenarios such as high speed trains, the service area may not be fully homogeneous along the railway track and multi connectivity involving NTN-based NG-RAN would enable to provide the targeted reliability.
Hence a UE may be connected and served simultaneously by at least:
· One NTN-based NG-RAN and one terrestrial-based access (NR or EUTRA)
· One NTN-based NG-RAN and another NTN-based NG-RAN
As for terrestrial access, connectivity combining can occur for either the uplink or the downlink or both.

[bookmark: _Toc6470733]5.4.2	Architecture aspects

Multi connectivity involving transparent NTN-based NG-RAN

A User Equipment is connected to a 5GCN via simultaneously a transparent NTN-based NG-RAN and a cellular NG-RAN. We assume that the NTN Gateway is located in the PLMN area of the cellular access network.

[image: ]
Figure 5.4.2-1: Multi connectivity involving transparent NTN-based NG-RAN and cellular NG-RAN

Both gNB of the NTN-based NG-RAN or the gNB/ng-eNB of the cellular NG-RAN could be elected as master node.



Figure 5.4.2-2: Radio Protocol Architecture for MCG, SCG and split bearers from a UE perspective in MR-DC with 5GC.
The applicability of different DC bearer type is FFS. Due to large different propogation delay between satellite and cellular radio links, the benefit of split bearer is FFS.

Another case to be considered, refers to the combination of two Transparent NTN-based NG-RAN either GEO and LEO based or a combination of both. This is of interest to provide service to UEs in unserved areas. The LEO NTN-based NG-RAN featuring relatively low latency can be used to support the delay sensitive traffic while the GEO NTN-based NG-RAN would provide additional bandwidth to meet the targeted throughput requirements. This is depicted in the figure below.
[image: ]
Figure 5.4.2-3: Multi connectivity between two transparent NTN-based NG-RAN

Multi connectivity involving regenerative NTN-based NG-RAN (gNB-DU on board)

Another case to be considered, refers to the combination of a regenerative NTN-based NG-RAN (gNB-DU on board) and a cellular NG-RAN. This is of interest to provide service to UEs in underserved areas. This is depicted in the figure below.
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Figure 5.4.2-4: Multi connectivity involving regenerative NTN-based NG-RAN (gNB-DU) and cellular NG-RAN
Note that the multi connectivity may also involve two regenerative NTN-based NG-RAN (gNB-DU on board)

Multi connectivity involving regenerative NTN-based NG-RAN (gNB on board)

The combination of two regenerative NTN-based NG-RAN (gNB on board) either GEO or LEO based or a combination of both with Inter Satellite Links in between is also worth to consider to provide service to UEs in unserved areas. This is depicted in the figure below.
[image: ]
Figure 5.4.2-5: Multi connectivity between two regenerative NTN-based NG-RAN (gNB on board)
The Xn interface for DC over ISL is supposed to be as stable over time as possible, hence in GEO case, there is no concern, but in LEO case, the ISL between different neighbour satellites in the same LEO orbit looks more promising, but the ISL between GEO and LEO or ISL between LEOs in different orbits are FFS.

Note that multi connectivity between regenerative NTN-based NG-RAN (gNB on board) and cellular NG-RAN (NR or LTE based) is not addressed because the transport of Xn protocol over the Feeder link (based on Satellite Radio interface) is For Further Study.
	*** End change ***
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