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Abstract of the contribution: This contribution proposes a solution to support service continuity when UEs connecting/disconnecting from mobile base station relays.   
1.	Proposal
It is proposed to agree the following changes to TR 23.700-05
IAB-donor: It comprises a standard gNB-CU with an additional N6 interface to facilitate connectivity with a UPF. It supports all standard gNB-CU interfaces like F1 towards gNB-DU, Xn towards other gNBs and NG interfaces towards the core network.
FIRST CHANGE
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6.0	Mapping of solutions to key issues
Editor's note:	This clause describes the mapping between solutions and key issues.
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6.X	Solution #X: Efficient mobility for UEs connecting to/disconnecting from mobile base station relay
6.X.1	General
This solution addresses Key Issue#2 as defined in clause 5.2.
This solution builds on the solution proposed in “S2-2203676”, “TR 23.700-05: KI#3, new solution to support ‘Efficient mobility and service continuity when served by mobile base station relay’, 3GPP SA WG2 Meeting #151-e. Please refer to “S2-2203676” for further details.
6.X.1.1	Solution Summary
The key points of the proposed solution are discussed below:
1.	As shown in figure 6.X.2-1, the Mobile Base Station Relay (MBSR) comprises a gNB-DU and an IAB-MT. While MBSR's gNB-DU provides connectivity to UEs over the access link (Uu interface), its (MBSR's) IAB-MT connects as a UE to other gNBs over the Uu interface. The radio link between the IAB-MT and the gNB, it is connected to, acts as the backhaul link for UEs connecting to the MBSR’s gNB-DU over the access link.
2.	MBSR is deployed in the radio access network and is an access network function. IAB-donor is also an access network function by virtue of having a gNB-CU functionality to support gNB-DUs of MBSRs. IAB-donor supports all standard gNB-CU interfaces, namely F1 (to gNB-DU), Xn (to other gNBs), and N2/N3 interfaces (to Core Network (CN) Control Plane (CP) and User Plane (UP)). The IAB-donor itself does not have support for any radio interface, i.e., it is devoid of the IAB-DU functionality. At the same time, IAB-donor is a data network function also by virtue of it connecting to a UPF over N6 interface.
3.	The PDU Connectivity service is utilized to connect the MBSR with the corresponding IAB-donor, i.e., to support the F1 interface between the gNB-DU of the MBSR and the gNB-CU of the IAB-donor.
4.	As shown in figure 6.X.2-2, MBSR's IAB-MT establishes radio (RRC) connectivity with a nearby gNB in the network. MBSR's IAB-MT further registers itself with the 5GC and requests the 5GC for the establishment of one or more "IP (v4/v6) type" PDU Sessions to connect to its IAB-donor. The PDU Session to support PDU (IP) Connectivity between the MBSR (IAB-MT) and the IAB-donor (gNB-CU) is established through the gNB and the UPF1 by the 5GC. MBSR's gNB-DU establishes an F1 interface with the IAB-donor's gNB-CU via these PDU Sessions.
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Figure 6.X.1-1. Proposed MBSR solution

5.	Once the F1 interface between the gNB-DU (MBSR) and gNB-CU (IAB-donor) is established, they work in conjunction to provide the complete gNB functionality to UEs connecting to the MBSR over its radio (Uu) interface.
6.	Control plane signalling and user plane data of such UEs (connected to MBSR) are transported via the F1-C/F1-U interfaces between the gNB-DU of the MBSR and the gNB-CU of the IAB-donor. This F1-C/F1-U traffic is encapsulated within one or more PDU Sessions between the MBSR and IAB-donor (as described in point 3). The IAB-donor acts as the gNB-CU for such UEs and exchanges UE's control plane signalling with the AMF over the N2 interface and user plane data with the UPF over the N3 interface.
7.	MBSR does not move with respect to its IAB-donor even when it is mobile, i.e., it is always connected to the same IAB-donor. This simplifies all handover scenarios as described in the following subsections.
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Figure 6.X.1-2. Proposed MBSR solution with network functions and interfaces
6.X.2	Functional description            		
6.X.2.1	How to support efficient mobility for a UE or a group of UEs between mobile base station relay and macro base stations:
Working of the proposed solution, in the case of stationary UE or group of UEs connected to a MBSR and handed over to another gNB, is shown in figure 6.X.2.1-1. 

Note: In this scenario, initially a stationary UE or group of UEs are in the proximity of the MBSR for a brief period of time, let's say when the vehicle (mounted with MBSR) is waiting at a traffic signal. The stationary UE gets connected to the MBSR due to good signal strength. For this connected UE, gNB-DU is placed at MBSR and gNB-CU is placed at IAB-donor. Once the MBSR moves far away, the UE gets handed over to a nearby gNB.  

1. Stationary UE (outside the vehicle) is connected to the gNB-DU (MBSR) and the gNB-CU (IAB-donor) through standard Uu procedures. Whereas MBSR is connected to gNB2 as a UE. 

2. Both the signalling and the data of a UE are sent by the MBSR over the F1 interface to IAB-donor (gNB-CU). The F1 traffic is encapsulated within the PDU (IP) connectivity service (PDU Session) established between MBSR's IAB-MT and the IAB-donor i.e., via IAB-MT (MBSR), gNB2, and UPF1 (or any other UPF which depends on the DNN the UE wants to connect). Additional UPFs are not shown in the figure 6.X.2.1-1 for the sake of simplicity.

3. For the given scenario, initially, stationary UE is in the proximity of the MBSR and connects to gNB-DU (MBSR) + gNB-CU (IAB-donor) in the same way as a UE conventionally connects to a gNB. When the MBSR moves away from the UE, signal strength received at the UE from the MBSR is reduced. 

4. [bookmark: _GoBack]UE detects better signal strength from a neighbouring gNB (say gNB1). Hence there is a handover of UE from gNB-DU (MBSR) + gNB-CU (IAB-donor) to gNB1, which is a conventional inter-gNB handover. The UE is handed over from IAB-donor (gNB-CU) to gNB-CU of gNB1 through the Xn interface. 

Note: This handover does not add any additional signalling due to the deployment of the MBSR and it is a conventional UE handover between gNBs.
[image: ]
Figure 6.X.2.1-1. Working of the proposed solution for MBSR when UE is connected to MBSR and handed over to gNB due the mobility of MBSR.

[bookmark: _heading=h.78tgxbod0qtf]6.X.2.2	How to support efficient mobility for a UE or a group of UEs between mobile base station relays
Working of the proposed solution, in the case of stationary UE or group of UEs connected to a MBSR and handed over to another MBSR, is shown in figure 6.X.2.2-1. 

Note: In this scenario, initially a stationary UE or group of UEs are in the proximity of MBSR1 and due to mobility, UE(s) start receiving better signal strength from another MBSR (say MBSR2). 

1. MBSR1 and MBSR2 are connected to the same IAB-donor (gNB-CU) through PDU (IP) connectivity facilitated by the 5G network. Here MBSR1 is connected to gNB1 as a UE and MBSR2 is connected to gNB2 as a UE.

Note: Both the MBSRs also can be connected to the same gNB. Since IAB-donor (gNB-CU) is the same for both MBSRs, it does not matter if the MBRSs are connected to the 5G network via the same gNB or different gNBs. Irrespective of the gNB(s) being used for connectivity of MBSR to the rest of the network and especially the IAB-donor, the inter MBSR handover procedure remains the same.

2. Initially, UE is connected to the 5G network via MBSR1.

3. When UE moves away from MBSR1 and receives better signal strength from MBSR2 (as compared to MBSR1), UE is handed over from MBSR1 to MBSR2. 

Note: This handover is from MBSR1 (source) to MBSR2 (target). It is an intra-gNB-CU and inter-gNB-DU handover for a scenario of UE mobility between two gNB-DUs within the same gNB-CU. Please refer to TS 38.401 - clause 8.2.1.2.

4. After the handover, UE is connected to the 5G network via MBSR2.

[image: ]
Figure 6.X.2.2-1. Working of the proposed solution for mobility for a UE between MBSRs

6.X.3	Procedures
[bookmark: _heading=h.idzux5wljg9m]6.X.3.1	Signalling flow of MBSR integration with IAB-donor 
This signalling flow details initial path establishment and F1 setup procedure between MBSR and IAB-donor.
[image: ]
Figure 6.X.3.1-1: Signalling flow of MBSR integration with IAB-donor 
1. As step 1, MBSR’s IAB-MT setup procedure via gNB gets executed. It is similar to that of IAB-MT setup procedure (Phase 1) detailed in ‘Standalone IAB integration’ - clause 8.12.1 of TS 38.401. The clause 8.12.1 of TS 38.401 also refers to the procedure detailed in ‘UE Initial Access’ procedure - clause 8.1 of TS 38.401 to indicate that UE initial access procedure is used for IAB-MT setup.
2. As step 2, the establishment of one or more PDU sessions for IAB-MT (which is a UE from the gNB perspective) takes places, as detailed in ‘UE Requested PDU Session Establishment’ procedure - clause 4.3.2.2 of TS 23.502. These are to be used by MBSR to connect to IAB-donor via 5G network
Note: Through these PDU session(s), PDU (IP) connectivity is established between MBSR and IAB-donor via gNB and UPF1.
3. As step 3, establishment of F1 interface between MBSR and IAB-donor takes place, which is the same as the F1 setup procedure detailed in clause 8.5 of TS 38.401.
Note: Once the F1 interface between MBSR (gNB-DU) and IAB-donor (gNB-CU) is established, MBSR along with IAB-donor is ready to accept connections from UEs.

[bookmark: _heading=h.gzuxhjkpdtj4]6.X.3.2	Signalling flow for UE connected to 5G network via MBSR
Since the MBSR and the IAB-donor work in conjunction to provide the complete gNB functionality to UEs connecting to the MBSR over its radio (Uu) interface, the signalling flow for a UE connecting to 5G network via MBSR is exactly the same as that of a UE connecting to any other gNB (or gNB-DU and gNB-CU pair).
Please refer to the procedure ‘Initial UE Access’ - clause 8.1 of TS 38.401 and also the ‘UE Requested PDU Session Establishment’ procedure detailed in clause 4.3.2.2 of TS 23.502.

6.X.3.3	Signalling flow for UE handover from Mobile base station relay to another gNB (gNB1) 
The following signalling flow (in figure 6.X.3.3-1) details UE handover procedure between MBSR and another gNB, gNB1. It is a “Xn based inter-NG-RAN handover without User Plane function re-allocation” as detailed in TS 23.502 - clause 4.9.1.2.2.
Note: MBSR is integrated with IAB-donor via gNB2 and UPF1, integration procedure is detailed in Section 6.X.3.1.
1. UE is connected to the 5G network through the MBSR which is detailed in Section 6.X.3.2. For UE, its gNB-DU is placed at MBSR and gNB-CU is placed at IAB-donor. 
Note: Here UE is not in the same vehicle and not moving with MBSR. When the MBSR moves away (as it is deployed in a vehicle) from the stationary UE, UE receives better signal strength from the neighbouring gNB (gNB1 in this case) as compared to MBSR.
2. UE is handed over to gNB1 by following the standard handover procedure between two gNBs as detailed in TS 23.502 - clause 4.9.1.2.2. In this handover procedure, source gNB consists of gNB-DU (at MBSR) and gNB-CU (at IAB-donor), whereas target gNB is gNB1.
Note: It is a conventional inter-gNB handover from the perspective of the UE.

[image: ]
Figure 6.X.3.3-1: Signalling flow for UE handover from MBSR to other base station (gNB1)
6.X.3.4	Signalling flow for UE handover between two Mobile base station relays
The following signalling flow (in figure 6.X.3.4-1) details UE handover procedure between two MBSRs. Here, both MBSRs are connected to the same gNB-CU (IAB-donor).
Note: If both MBSRs are connected to different IAB-donors (gNB-CUs), the procedure will be the same as conventional inter-gNB handover as detailed in the previous section.
Note a. MBSR1 is integrated with IAB-donor (via gNB1 & UPF1) as detailed in Section 6.X.3.1. 
Note b. MBSR2 is integrated with the same IAB-donor (via gNB2 & UPF1) as detailed in Section 6.X.3.1.
1. UE is initially connected to the 5G network through MBSR1 which is detailed in Section 6.X.3.2. For UE, its gNB-DU is placed at MBSR1 and gNB-CU is placed at IAB-donor. Using the initial integration procedure (Section 6.X.3.1), PDU (IP) connectivity is established between gNB-DU (MBSR1) and gNB-CU (IAB-donor).
Note: UE moves and detects better signal strength from MBSR2 as compared to MBSR1. 
2. UE is handed over to MBSR2 by following standard handover procedure of inter-gNB-DU mobility without changing gNB-CU as detailed in TS 38.401 - clause 8.2.1.2. In this handover procedure, source gNB-DU belongs to MBSR1 and target gNB-DU belongs to MBSR2. 
Note: It is a conventional handover between two gNB DUs within a single gNB-CU, i.e, an intra-gNB-CU or inter-gNB-DU handover.
[image: ]
[bookmark: _heading=h.2et92p0]Figure 6.X.3.4-1: Signalling flow for UE handover between two MBSRs

6.X.4	Impacts on services, entities and interfaces
The following impacts have been identified:
· UE
· There is no impact on UE’s connectivity to 5GC due to mobility of MBSR (from gNB1 to gNB2) as neither the gNB-DU (MBSR) nor the gNB-CU (IAB-donor) change. Hence UEs are always connected to the same gNB-DU + gNB-CU and are not mobile for 5GC, so there is no handover signalling for UEs.
·  gNB:
-	No impact
·  5G Core NFs:
-	MBSR identity is included in the IAB-MT’s ‘Initial NAS message’ to AMF as specified in clause 5.35.2 of TS 23.501.
· MBSR:
-	MBSR has support for the gNB-DU functionality along with complete UE stack for IAB-MT functionality.
-	Supports NR Uu interface for UE and backhaul connectivity.
· IAB-donor:
-	It comprises the standard gNB-CU functionality along with N6 interface support for connectivity to UPF.
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