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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
[bookmark: _GoBack]This document aims at clarifying the key issue associated to multi connectivity scenario involving Non-Terrestrial networks.
It directly proposes some modifications to the clause 5.4.

Note that R3-192117 was agreed unseen during RAN3#103bis but the author forgot to upload it in due time.
A revision has been proposed to take into account the actual text of the multi connectivity chapter in TR 38.821 v0.6.0


2. Discussion

Multi connectivity as described in 3GPP TS 37.340 consists of establishing at least two different traffic links between a given UE and different RATs.
It is a useful scheme to improve the service performance in terms of service rate, service availability and/or reliability as it allows a dynamic load balancing over the established links.
This is of particular interest for low density populated areas where the 5G cellular service deployment is a challenge.
A number of service scenarios as described in TS 22.261 (e.g. user in building, in vehicle, in high speed train or on board airplane), would benefit from the combination of several access technologies including satellites to meet the targeted service performances in terms of data rate and/or reliability.
The sentence “It should be verified whether it is feasible to transport Xn over the SRI of the feeder link, taking also into consideration potential impacts of on board gNBs mobility.” Could now be removed following the agreement in RAN3#103bis at Xi’An, reflected in the chairman’s report, that “according to relevant ITU-R P. Recommendations, the outage performance of the SRI and the ISL can be made consistent with typical 5G network requirements” based on TDOC R3-191218.




3. Conclusion

Proposal 1: Multi connectivity should be possible between two NR based access points with at least one satellite access.

Proposal 2: Multi connectivity should be possible between at least two NR based satellite access points.

Proposal 3: Reflect the above proposals in the TR 38.821 (See TP below)


4. Text Proposal for TR 38.821 v0.6.0
START OF CHANGES


5.3	Multi connectivity involving NTN-based NG-RAN (FFS)
[bookmark: _Toc530645501]5.3.1	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 be an enabler 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 tracks 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.
The same gNB could serve NR cells via the terrestrial access network and via the satellite access network (e.g. with transparent payload on board the satellite).

5.3.2	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 5.3.2-1: Multi connectivity involving transparent NTN-based NG-RAN and cellular NG-RAN

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



Figure 5.3.2-2: Radio Protocol Architecture for MCG, SCG and split bearers from a UE perspective in MR-DC with 5GC.



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 5.3.2-3: 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.

[image: ]
Figure 5.3.2-4: 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 5.3.2-5: Multi connectivity between two regenerative NTN-based NG-RAN (gNB on board)


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.


5.3.3	NG-RAN impacts

In case of multi-connectivity involving transparent NTN-based NG-RAN (i.e. gNB on the ground), all CP and UP interfaces toward terrestrial NG-RAN nodes are terminated on the ground.
In case of multi-connectivity involving regenerative NTN-based NG-RAN with gNB-CU on the ground and gNB-DU on board, all CP interfaces toward terrestrial NG-RAN nodes are terminated on the ground.
· With respect to CP, this scenario does not pose any particular issues apart from the fact that F1AP will need to adapt to the much longer roundtrip times of the SRI.
· Concerning UP, the instance running over Xn is unaffected by the presence of the NTN, while the instance running over F1 (transported over the SRI) will need to adapt to the much longer roundtrip times of the SRI. This, in turn, will require more buffering for the UP packets into the gNB-CU to compensate for the difference between the two interfaces. 
In case of multi Connectivity involving regenerative NTN-based NG-RAN with on board gNB, setting up and maintaining Xn interfaces toward terrestrial gNBs over the feeder link would require all the corresponding traffic (CP and UP) to be transported over the SRI relevant to the satellite-hosted gNB. This may be a challenge.
Prerequisites for NR-NR DC where both MN and SN are NTN-based are to have at least a partial coverage area overlap, and to have Xn up and running through the ISL between them. The Xn connection between the satellites will add to the delay. NR-NR DC involving satellites whose orbital positions are close to one is feasible. 
It should be verified whether it is feasible to transport Xn over the SRI of the feeder link, taking also into consideration potential impacts of on board gNBs mobility.
The same gNB could serve NR cells via the terrestrial access network and via the satellite access network (e.g. with transparent payload on board the satellite).
Benefits of multi-connectivity in NTNs are FFS.

The multi connectivity procedure as defined in [5] may require some adaptations to support:
· Radio access technology featuring extended latency
· Radio access technology possibly suffering from variable latency within the backhaul network (e.g. a Xn interface crossing multiple satellite located on different orbital plane)
· Differentiated delay between both radio access technology involved

NG-RAN should allow the necessary flexibility to elect as master node either the gNB of the NTN-based NG-RAN or the gNB of the cellular NG-RAN.



END OF CHANGES
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