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Introduction
During RAN#103 meeting, the updated SID for  additional topological enhancements has been agreed in [1]. During RAN3#123bis meeting, the requirements, architecture and protocol stacks for R19 WAB have been discussed and the TP to TR 38.799 has been agreed in [2]. In this contribution, we discuss the aspects of WAB mobility and resource multiplexing and provides corresponding TP to TR 38.799. 
Discussion
Mobility of WAB node 
Based on the progress in last RAN3 meeting, RAN related aspects of the two MWAB-node-mobility scenarios identified by SA2 needs to be further discussed. Based on TR 23.700-06, the two mobility scenarios to be studied are coped in the below: 

	-
Scenario A (mobility within the same 5GC node): When the UEs are continuously served by a MWAB (e.g. inside the vehicle and/or in its vicinity), and this MWAB-gNB is moving around within a limited geographical area while keeping connecting with the same 5GC nodes (e.g. AMF and UPF). In this case, the UE keeps the connection with the MWAB, and there is no change of the connections as in figure 5.4.1-1. However, the change of the NG-RAN nodes serving the MWAB-UE and the MWAB location may have impact on the mobility or service restrictions to the UE served by the MWAB.

-
Scenario B (mobility between different 5GC nodes): When the UEs are continuously served by a MWAB (e.g. inside the vehicle and/or in its vicinity), and this MWAB is moving around over a long distance. To continue to provide services to the UEs, the MWAB needs to change the 5GC nodes it connects to. In this case, the UE keeps the connection with the MWAB-gNB, but there is a possible change of the AMF and UPF.

NOTE 1:
For the above scenarios, whether the cell information in the System Information Broadcast (e.g. Cell ID, TAC) changes has RAN dependency.
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Figure 5.4.1-1: Scenarios for efficient mobility and service continuity


The procedure of WAB node mobility is shown in Figure 1 and analyzed with the following three phases:
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Figure 1. The procedure of WAB node mobility 

Phase 1: WAB-MT handover 

During this phase, the handover procedure of the WAB-MT is performed, which follows the same procedure specified for the UE. If there is Xn interface between MT’s source donor and target donor, and MT’s AMF/UPF doesn’t need to change, Xn based handover procedure could be performed for the WAB-MT. Otherwise, N2 based handover needs to be performed for WAB-MT. 

Phase 2: NG/Xn traffic redirection

If MT’s UPF is keep unchanged, the transportation for the WAB-gNB’s traffic is maintained. If MT’s UPF is re-allocated, WAB traffic needs to be transferred via the MT’s new UPF. For uplink traffic, the packets can be routed at the MT’s new UPF to UE’s UPF/AMF based on IP routing. For downlink traffic, the DL traffic from UE’s UPF needs to be transmitted to the MT’s new UPF first so that it can be further forwarded to the WAB node. In other words, the DL path for UE’s PDU session needs to be redirected upon change of MT’s UPF. 
Besides, if WAB-gNB’s IP address is provided via WAB-MT and anchored at MT’s UPF, new IP address needs to be allocated upon change of MT’s UPF. In this case, new SCTP association needs to be established between the WAB-gNB and AMF using the new IP address. And then the gNB can initiate the RAN CONFIGURATION UPDATE message to bind the new SCTP association to the NG connection and to remove the old SCTP association. In addition, the gNB endpoint TNL information for the UE’s NG GTP-U tunnel needs to be updated with the UE’s UPF
If Xn conection supported, WAB-gNB establishes Xn connection with the gNB serving WAB-MT or neighbour gNBs. The Xn connection is benefical for resource multiplexing in in-band deployment of access and backhaul link. Otherwise, the coordination for resource multiplexing between the WAB-gNB and gNB serving the WAB-MT needs to be acheived via 5GC. 

On the other hand, if Xn connection is supported at WAB-gNB, Xn based handover for UE could be performed to support UE handover between WAB cell and cells of gNB serving WAB-MT/neighboring gNB. In order to maintain neighbour cell relation at the WAB-gNB for mobility, gNB serving WAB-MT can send serving/neighbour cell information to the WAB-gNB via Xn. And then the WAB-gNB can store the neighboring cells information and regards these cells as neighbour cells of the WAB-gNB. And the gNB serving WAB-MT can update the cell information of the WAB cells as neighbour cell inforamtion to its neighbouring gNBs for ANR purpose. In this way, UE HO between macro cell and WAB cell can be supported without UE reading and reporting NCGI of the neighboring cell. 

Proposal 1: The Xn interface between the WAB-gNB and the gNB serving the WAB-MT is established for resource multiplexing in in-band deployment of access and backhaul link. 

Proposal 2: gNB serving WAB-MT can update the cell information of its neighbouring cells and the WAB cells to WAB-gNB and neighbouring gNBs respectively to maintain neighbour cell relation, so that UE HO between macro cell and WAB cell can be supported without UE reading and reporting NCGI of the neighboring cell.
Phase 3: UE handover 

After MT migration, the UE can keep its connection with the same WAB-node which has whole gNB function. The handover of UE needs to be performed in the following cases. Otherwise, UE handover procedure is not needed. 
- Case 1: PCI of WAB node cell is changed, e.g., due to PCI confusion/collision. 

As we know, the PCI of WAB cell may collide with other stationary cell or other WAB cell along with the movement of the WAB node, especially when two WAB-node have different OAM systems. And the PCI of WAB cell needs to be re-allocated in case of PCI confusion/collision. Similar as in IAB, a new set of WAB cells can be instantiated at the WAB node using the new PCIs. Considering that WAB-gNB can maintain multiple NG interface with AMF simultaneously, same gNB ID could be used by the two sets of WAB cells with old and new PCIs at the WAB node. In this way, UEs can be handed over from the source WAB cell with the old PCI to the target WAB cell with the new PCI. 
- Case 2: AMF change. If the target gNB serving the WAB-MT is not connected/has no IP connectivity to the UE’s AMF, UE’s AMF needs to be re-allocated. In this situation, inter NG-RAN node N2 based handover procedure can be used to re-select a new AMF during the UE handover procedure between the same source cell/gNB and target cell/gNB. 
Observation 1: The PCI of WAB cell needs to be re-allocated due to WAB-MT migration in case of PCI confusion/collision. 

Proposal 3: RAN3 to discuss how to re-configure PCI for WAB cell during WAB-MT mgiration to avoid confusion/collision.  
Proposal 4: RAN3 to capture the scenario and procedure for WAB node mobility in the Annex in the TR 38.799.
Resource multiplexing
Resource multiplexing for IAB has been discussed and specified in R16 and R17. As captured in TS 38.300, if the IAB-DU and the IAB-MT of an IAB-node are subject to a half-duplex constraint, correct transmission/reception by one cannot be guaranteed during transmission/reception by the other and vice versa, e.g., when collocated and operating in the same frequency. If an IAB-node supports enhanced frequency or spatial multiplexing capabilities, additional multiplexing modes can be supported, i.e., simultaneous operation of IAB-MT Rx / IAB-DU Rx, IAB-MT Tx / IAB-DU Tx, IAB-MT Rx / IAB-DU Tx, IAB-MT Tx / IAB-DU Rx. An IAB-node can report its duplexing constraints between the IAB-MT and the collocated IAB-DU via F1AP. An IAB-node can indicate via F1AP whether or not FDM is required for an enhanced multiplexing operation. The scheduler on an IAB-DU or IAB-donor-DU complies with the gNB-DU resource configuration received via F1AP, which defines the usage of scheduling resources to account for the aforementioned duplexing constraint.

When it comes to R19 WAB, the similar resource multiplexing designed for R16/17 IAB can be reused for the in band deployment of access and backhaul link. Since the WAB node has gNB function instead of DU function, the WAB node has Xn connection with the gNB serving WAB-MT instead of F1 connection. So the F1 signaling exchange on resource multiplexing between the IAB-DU and IAB donor can be carried out using Xn signalling between the WAB-gNB and the gNB serving WAB-MT. For example, the WAB-gNB reports its duplexing constraints between the WAB-MT and the collocated WAB-gNB via XnAP message. And WAB-node can indicate via XnAP whether or not FDM is required for an enhanced multiplexing operation. And then the gNB serving WAB-MT sends resource configuration to the WAB-gNB via XnAP message. In order to achieve the resource mltiplexing, the gNB-serving WAB-MT needs to be aware of the co-location of a WAB-MT and WAB-gNB. It needs to be discussed how to perform topology discovery for WAB node. 
Proposal 5: Resource multiplexing mechanism designed for R16/17 IAB is reused as baseline for R19 WAB for the in band deployment. And the F1 signaling exchange on resource multiplexing between the IAB-DU and IAB donor can be carried out using Xn signalling between the WAB-gNB and the gNB serving WAB-MT. 

Proposal 6: In order to achieve the resource mltiplexing, the gNB-serving WAB-MT needs to be aware of the co-location of a WAB-MT and WAB-gNB. 

Proposal 7: RAN3 to discuss how to perform topology discovery for WAB node. 
Proposal 8: RAN3 to capture the scenario and procedure for WAB node mobility in the Annex in the TR 38.799.
Based on the above discussion, a TP to TR 38.799 is provided in the Annex.

Proposal 9: RAN3 to agree the TP to TR 38.799 in the Annex. 
Conclusion
In this contribution, we discussed the aspects of WAB mobility and resource multiplexing and provided corresponding TP to TR 38.799. And we have the following observations and proposals:

Mobility of WAB node 
Proposal 1: The Xn interface between the WAB-gNB and the gNB serving the WAB-MT is established for resource multiplexing in in-band deployment of access and backhaul link. 

Proposal 2: gNB serving WAB-MT can update the cell information of its neighbouring cells and the WAB cells to WAB-gNB and neighbouring gNBs respectively to maintain neighbour cell relation, so that UE HO between macro cell and WAB cell can be supported without UE reading and reporting NCGI of the neighboring cell.
Observation 1: The PCI of WAB cell needs to be re-allocated due to WAB-MT migration in case of PCI confusion/collision. 

Proposal 3: RAN3 to discuss how to re-configure PCI for WAB cell during WAB-MT mgiration to avoid confusion/collision.  
Proposal 4: RAN3 to capture the scenario and procedure for WAB node mobility in the Annex in the TR 38.799.

Resource multiplexing
Proposal 5: Resource multiplexing mechanism designed for R16/17 IAB is reused as baseline for R19 WAB for the in band deployment. And the F1 signaling exchange on resource multiplexing between the IAB-DU and IAB donor can be carried out using Xn signalling between the WAB-gNB and the gNB serving WAB-MT. 

Proposal 6: In order to achieve the resource mltiplexing, the gNB-serving WAB-MT needs to be aware of the co-location of a WAB-MT and WAB-gNB. 

Proposal 7: RAN3 to discuss how to perform topology discovery for WAB node. 
Proposal 8: RAN3 to capture the scenario and procedure for WAB node mobility in the Annex in the TR 38.799.
Proposal 9: RAN3 to agree the TP to TR 38.799 in the Annex. 
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Annex: TP to TR 38.799 v0.0.0
-------------------------------------------Start of changes-------------------------------------------
4.3
Operational aspects

Editor Note: 

- Impact of WAB mobility within an existing RAN (e.g., inter-gNB neighbour relations).

- Inter-gNB- and gNB-to-CN signalling to address the support of WAB.
4.3.x Mobility of WAB node 
During the migration procedure of a WAB-node, the WAB-MT is migrated from a source gNB to a target gNB. During the migration procedure, the WAB-gNB may maitain its connection with the same 5GC nodes or connect to different 5GC nodes after the migration. Figure 4.3.x-1 shows an example of the migration procedure of a WAB node. 
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Figure 4.3.x-1. The migration procedure for WAB-node 

Phase 1: WAB-MT handover. During this phase, the handover procedure of the WAB-MT is performed, which follows the same procedure specified for the UE. 

Phase 2: NG/Xn traffic redirection. If MT’s UPF is keep unchanged, the transportation for the WAB-gNB’s traffic is maintained. If MT’s UPF is re-allocated, WAB traffic needs to be transferred via the MT’s new UPF. 
If WAB-gNB’s IP address is provided via WAB-MT and anchored at MT’s UPF, new IP address needs to be allocated upon change of MT’s UPF. In this case, new SCTP association needs to be established between the WAB-gNB and AMF using the new IP address. And then the gNB can initiate the RAN CONFIGURATION UPDATE message to bind the new SCTP association to the NG connection and to remove the old SCTP association. In addition, the gNB endpoint TNL information for the UE’s NG GTP-U tunnel needs to be updated with the UE’s UPF. If Xn conection supported, WAB-gNB establishes Xn connection with the gNB serving WAB-MT or neighbour gNBs. 
Phase 3: UE handover . After WAB-MT is handed over to a target gNB, the handover of UE is performed when PCI of WAB node cell needs to be changed, e.g., due to PCI confusion/collision. And the handover of UE is performed when new AMF needs to be selected for the UE. Inter NG-RAN node N2 based handover procedure can be used to re-select a new AMF during the UE handover procedure. In other cases, UE handover procedure is not needed. 
4.3.y Resource multiplexing
Resource multiplexing for WAB node is supported for the in band deployment scenario. Resource multiplexing mechanism designed for R16/17 IAB is reused as baseline for WAB. The F1 signaling exchange on resource multiplexing between the IAB-DU and IAB donor is carried out using Xn signalling between the WAB-gNB and the gNB serving WAB-MT. In order to achieve the resource mltiplexing, the gNB-serving WAB-MT needs to be aware of the co-location of a WAB-MT and WAB-gNB. 
-------------------------------------------End of changes-------------------------------------------
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