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Abstract of the contribution: This paper proposes a solution for KI#1 when it comes to enhancements of C2 communication reliability. 

1. Discussion
KI#1 in TR 23.700-59 on Enhancement of NEF services to support service exposure and interactions between MNOs and UTM functions contains the following aspects:
-	whether and how to enhance NEF services to support service exposure and interactions between MNOs and UTM functions for supporting C2 communication reliability.
This solution proposes to reuse the key idea of redundant user plane paths based on multiple UEs per device in TS 23.501 Annex F with changes and enhancements for UAV system.
2. Proposal
It is proposed to agree the following changes to TR 23.700-59 V0.2.0.


* * * First Change * * * *
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* * * Next Change * * * *
[bookmark: _Toc160717645]6.X	Solution #X: C2 Communication Reliability with Redundant User Plane Paths
6.X.1	Description
The study aspect on whether and how to enhance NEF services to support service exposure and interactions between MNOs and UTM functions for supporting C2 communication reliability is contained in KI#1. This solution proposes to reuse the redundant user plane paths introduced in TS 23.501 [5] Annex F with changes and enhancements as described in clasue 6.X.2. The solution applys in below scenario, same as in TS 23.501 [5] Annex F, with UE replaced with UAV:
· A UAV with multi-SIM: the UAV to set up redundancy C2 connections to UTM.
· The UAV is in an area where RAN coverage is redundant: the UAV in the area can connect to multiple gNBs from the same location. The selection of gNBs can be distinct from each other.
The solution is mainly reusing the existing mechanism and has no impact on RAN specifications.
UAV application layer handles the redundant connections and how this is done is outside of 3GPP scope (e.g. how traffic is sent over one, both, or switched is outside the scope and up to the application layer).
Editor’s Note: Any implications or assumptions on the UAV ID use in multiple SIM needs to be verified.
6.X.2	Procedures
This clause describes an approach to realize C2 communication reliability with multiple user plane paths. The approach assumes a RAN deployment where redundant coverage by multiple gNBs (in the case of NR) is generally available, and a UAV can connect to multiple gNBs independently.
The UAV with redundant connections with gNBs requests the establishment of PDU Sessions that use independent RAN and CN network resources using the mechanisms outlined below.
This deployment option has a number of preconditions:
-	The redundancy framework uses separate gNBs to achieve user plane redundancy over the 3GPP system. It is however up to operator deployment and configuration whether separate gNBs are available and used.
-	The UAV can connect to different gNBs independently.
-	RAN coverage is redundant in the target area: it is possible to connect to multiple gNBs from the same location. To ensure that the UAV connects to different gNBs, the gNBs need to operate such that the selection of gNBs can be distinct from each other (e.g. gNB frequency allocation allows the UAV to connect to multiple gNBs).
-	The core network UPF deployment is aligned with RAN deployment and supports redundant user plane paths.
-	The underlying transport topology is aligned with the RAN and UPF deployment and supports redundant user plane paths.
-	The physical network topology and geographical distribution of functions also supports the redundant user plane paths to the extent deemed necessary by the operator.
-	The operation of the redundant user plane paths is made sufficiently independent, to the extent deemed necessary by the operator, e.g. independent power supplies.
Figure 6.X.2-1 illustrates the architecture view. The UAV is connected to gNB1 and gNB2, respectively and connection1 sets up a PDU Session via gNB1 to UPF1, while connection2 sets up a PDU Session via gNB2 to UPF2. UPF1 and UPF2 connect to the same UAV control entity (UTM). UPF1 and UPF2 are controlled by SMF1 and SMF2, respectively.

 
[bookmark: _CRFigureF1]Figure 6.X.2-1: Architecture with redundancy connections between UAV and control entities
The approach comprises the following main components.
-	gNB selection: The selection of different gNBs for the UAV is realized by the concept of UAV Reliability Groups for the connections of UAV and also for the cells of gNBs. By grouping the connections of UAV and cells of gNBs in the network into more than one reliability group and preferably selecting cells in the same reliability group as the connection, it is ensured that connections of UAV can be assigned different gNBs for redundancy as illustrated in Figure 6.X.2-2, where connection1 and the cells of gNB1 belong to reliability group A, and connection2 and the cells of gNB2 belong to reliability group B.

 
[bookmark: _CRFigureF2]Figure 6.X.2-2: Reliability group-based redundancy concept in RAN
For determining the reliability grouping of a UE, one of the following methods or a combination of them can be used as described in TS 23.501 [5] Annex F:
-	It could be configured explicitly to the UE and sent in a Registration Request message to the network using an existing parameter (such as an S-NSSAI in the Requested NSSAI where the SST is UAS; the Reliability Group can be decided by the SD part).
-	It could also be derived from existing system parameters (e.g. SUPI, PEI, S-NSSAI, RFSP) based on operator configuration.
The Reliability Group of each UE is represented via existing parameters and sent from the AMF to the RAN when the RAN context is established, so each gNB has knowledge about the reliability group of the connected UEs.
NOTE:	An example realisation can be as follows: the UE's Allowed NSSAI can be used as input to select the RFSP index value for the UE. The RAN node uses the RFSP for RRM purposes and can based on local configuration determine the UE's Reliability Group based on the S-NSSAI in Allowed NSSAI and/or S-NSSAI for the PDU Session(s).
The reliability group of the RAN (cells of gNBs) entities are pre-configured by the O&M system in RAN. It is possible for gNBs to learn the reliability group neighbouring cells as the Xn connectivity is set up, or the reliability group of neighbouring cells are also configured into the gNBs.
The Reliability Group of each connection is represented via existing parameters and sent from the AMF to the RAN when the RAN context is established, so each gNB has knowledge about the reliability group of the connections.
The reliability group of the RAN (cells of gNBs) entities are pre-configured by the O&M system in RAN. It is possible for gNBs to learn the reliability group neighbouring cells as the Xn connectivity is set up, or the reliability group of neighbouring cells are also configured into the gNBs.
If the UAV is moving out of the coverage of cells of its current connected reliability groups or link quality is below a given threshold, the connections may be handed over to cells in another reliability groups, the gNB initiates the handover to cells in the appropriate reliability groups whenever such suitable cells are available.
[bookmark: _Toc23317651][bookmark: _Toc94300263][bookmark: _Toc160717647]6.X.3	Impacts on services, entities and interfaces
UAV:
-	Support redundancy connections to same control entities with multiple gNBs.
AMF:
-	Enhanced to enable reliability group for multiple connections of UAV with multiple gNBs, reusing existing parameters can mitigate that AMF does not identify redundant connections.

*** End of Changes ***
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