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5.x
NTN based dual 3GPP access
5.x.1
Description

Aggregating two 3GPP access links simultaneously of which one is non-terrestrial network, to provide the following 5G service enablers is relevant especially in underserved areas, characterized by limited bandwidth or un-reliable access link:

· Extended Mobile Broadband
· Ultra Reliable service communications 
Some techniques have been investigated (See FP7 ICT BATS project: http://www.batsproject.eu/) that intelligently split the traffic between long/fat and short/small network links to provide an aggregated bandwidth while ensuring a low latency for high QoS.

As indicated in TR 38.821, a number of service scenarios as described in TS 22.261 (e.g. user in residential homes in remote areas, users on board vehicles, high speed trains, vessels or airplanes), would benefit from the combination of terrestrial and non-terrestrial access or two different non-terrestrial access (e.g. GSO and NGSO based) 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 enable to achieve the targeted experience data rate.

Under some scenarios such as on board high speed trains, the service area may not be fully homogeneous along the rail 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:

●
One NTN-based NG-RAN and one terrestrial-based NG-RAN access

●
One NTN-based NG-RAN (NGSO) and another NTN-based NG-RAN (GSO)
●
One NTN-based NG-RAN (NGSO) via two different satellites of the same constellation
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).
NTN based NG-RAN may refer to transparent payload satellites as well as regenerative payload satellites with, for example, some gNB functions on board.
In the following are illustrated

a/ Multi connectivity involving transparent payload NTN-based NG-RAN and terrestrial 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.
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Figure 5.x.1: Multi connectivity involving transparent NTN-based NG-RAN and cellular NG-RAN
b/ Multi connectivity involving two transparent NTN-based NG-RAN access
This refers for example to the combination of two Transparent NTN-based NG-RANs e.g. GSO and NGSO based. This can be of interest to provide service to UEs in unserved areas. The NGSO based NG-RAN featuring relatively low latency can be used to support the delay sensitive traffic while the GSO based NG-RAN would provide additional bandwidth to meet the targeted throughput requirements. This is depicted in the figure below.
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Figure 5.x.2: Multi connectivity between two transparent NTN-based NG-RAN

c) The combination of two regenerative NTN-based NG-RAN (gNB on board) via two satellites of same constellation with Inter Satellite Links in between. This is depicted in the figure below.
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Figure 5.x3: Multi connectivity between two regenerative NTN-based NG-RAN (gNB on board)

Note that

· the figure 5.x3 is for illustrative purposes. Other architecture (e.g. split NG-RAN architecture between satellite and ground) may be considered.

· SRI refers to satellite radio interface in the figure 5.x.3
The two following cases can be considered

· Both access networks are managed by differtent operators (It is assumed that they have a business agreement among them)
· Both access networks are managed by the same operators

5.x.2
Pre-conditions

There shall be some coverage overlap between both NG-RAN access link involved

The UE is attached to the 5GC (same or different PLMN) serving both access links

The UE is in connected mode on one of the access links.
The 5GC is aware of the respective characteristics of both access links
5.x.3
Service Flows

According to the targeted QoS of the service, the user plane traffic of the connectivity can be smartly steered, splitted and switched in both directions between both 3GPP NG-RAN access links taking into account the specific performances of each access link, for example, in terms of latency, throughput, Jitter, Error rate.

The QoS requirements of the user plane traffic can be determined through explicit signalling (e.g. associated to each traffic flow) or through implicit techniques (e.g. deep packet inspection).
Based on the QoS requirements (e.g. latency, throughput, Jitter, Error rate), traffic characteristics, radio links conditions and UE's moving speed, the traffic is steered/splitted across the access links. For example low latency requirement traffic will be best splitted/steered to the access link featuring the lowest latency characteristics.

In case of hand-over, temporary radio link failure or congestion on one access link, the user plane traffic can be switched to the remaining active access link. When the radio link is re-established, the user plane is again splitted/steered across both access links based on QoS.
A slice can be deployed and managed over both access links. The reported data volumes and other traffic statistics, on each access link, are used for billing purposes

5.x.4
Post-conditions

The connectivity is established over the two active access links.
Thanks to appropriate steering, splitting and switching of the user plane traffic, the dual NG-RAN access connectivity involving at least NTN can support the targeted QoS that a single access cannot support.
5.x.5
Existing features partly or fully covering the use case functionality

The use cases can leverage the existing service requirements of

· Multiple access technologies (see §6.3 of TS 22.261)

· Multi-network connectivity and service delivery across operators (see §6.18 of TS 22.261)

· Non-public networks (see §6.18 of TS 22.261)

5.x.6
Potential New Requirements needed to support the use case
[PR x.1] The 5G system shall be able to support dual 3GPP access involving at least one NTN access, belonging to the same or different PLMNs, or across one PLMN and one NPN. (NEW)
[PR x.2] Based on operator policy, the 5G system shall be able to dynamically offload part of the traffic (e.g. between two 3GPP RATs or from 3GPP RAT to non-3GPP access technology), taking into account traffic load and traffic type. (revisions to original black text in clause 6.3.2.1 General of TS 22.261)
[PR x.3] Based on operator policy, the 5G system shall be able to provide simultaneous data transmission via same or different access technologies (e.g. NR, NTN, E-UTRA, non-3GPP), to access one or more 3GPP services. (revisions to original black text in clause 6.3.2.1 General of TS 22.261)
[PR x.4] When a UE is using two or more access technologies simultaneously, the 5G system shall be able to optimally distribute user traffic over select between access technologies in use, taking into account e.g. service, traffic characteristics, each radio characteristics of the dual 3GPP access, and UE's moving speed. (revisions to original black text in clause 6.3.2.1 General of TS 22.261)
[PR x.5] The 5G system shall be able to support mechanisms to maintain UE connectivity and data traffic continuity, whenever one of the two 3GPP access links experiences hand-over, temporary radio link failure or congestion. (NEW)
[PR x.6] 5G system shall be able to support reporting of data volumes and other charging information, for traffic exchanged on each access link and/or both links simultaneously, for billing purposes. (NEW)
[PR x.7] The 5G system shall provide one or network slices across the dual 3GPP access. (NEW)
* * * End of Changes * * * *

