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1	Introduction
TSG RAN approved the SI on Additional Topological Enhancements for NR [1]. In the last meeting, the following agreements were achieved [2]:

	The study focuses on the use of WAB-MT´s PDU session via NR Uu as backhaul of WAB gNB. Other options for the backhaul (including non-3GPP radio technology) are not precluded but not a part of the study.
It is agreed that the study is focused on NR-Uu backhaul
The WAB-MT may connect to a public PLMN or an SNPN.
The WAB-gNB may connect to a public PLMN or an SNPN.
A WAB-gNB cannot serve WAB MTs

The WAB-MT supports at least a subset of UE functionalities.
The NR-Uu backhaul link does not include the IP layer. The IP layer is included in the NG-U and NC-C. Amend Figure X.Y.3 by correcting the dashed vertical lines.
The scope of the study is limited to PDU Session Backhauling. Other options are not precluded but not treated in this study.



Further, RAN3 agreed (TP to TR 38.799) WAB general requirements and architecture in R3-242236.

This contribution discusses aspects related to WAB-node network integration, UE mobility in presence of WAB, WAB-node mobility and WAB topology discovery.


2	Discussion
2.1	WAB-node network integration
2.1.1	WAB-node network integration procedure
The network integration of the WAB-node includes two phases, namely, the network integration of the WAB-MT and the network integration of the WAB-gNB. Opposed to IAB and mobile IAB, there is no additional phase for the establishment of backhaul. Such additional phase is not necessary since WAB uses the WAB-MT’s PDU session for backhauling, which is established as part of the legacy WAB-MT network integration, opposed to (mobile) IAB, which uses a special (mobile) IAB-specific establishment of backhaul support via BAP.
The following aspects need to be considered for these two phases:
Phase 1: WAB-MT network integration. This procedure follows the same steps as for the UE network integration. 
Parent-node selection: Opposed to IAB and mobile IAB, WAB does not require a dedicated mechanism for parent-node discovery for the following reasons:
· Since backhauling is conducted via legacy PDU session, it can be supported by a non-WAB-aware RAN.
· Since SA2 proposes to conduct WAB-MT authorization via dedicated slice in TR 23.700-06, the WAB-MT can integrate via non-WAB-aware RAN.
· The broadcast of an optional “WAB-supported” indicator may be considered in case the study introduces WAB-specific enhancements to the BH RAN, but it should not be mandated for the support of backhauling for WAB.
AMF selection: Since SA2 proposes to use legacy slice-based mechanisms for authorization, AMF selection can be based on the NSSAI included by the WAB-MT in Msg.5, and/or via the CN-based AMF reselection procedure. Therefore, no additional specification is needed. 
Phase 2: WAB-gNB-network integration. This procedure follows the same steps as for legacy network integration of a gNB. The WAB-gNB should indicate to the AMF that it supports WAB functionality. After NG establishment, the WAB-gNB can commence broadcast of radio channels and support UEs. It should broadcast a “WAB-cell” indicator in SIB1 of its cells to prevent a WAB-MT on another WAB-node from camping at or connecting via any of these cells (see below). 
Proposal 1-1: The WAB-node network integration procedure to include the following two phases:
· Phase 1: Integration of WAB-MT using legacy Uu procedures including establishment of PDU session(s) for backhauling.
· Phase 2: Integration of WAB-gNB using legacy gNB integration procedures.
Proposal 1-2: As proposed by SA2, WAB-MT authorization is based on dedicated slice. Signaling enhancements to the AS layer for the support of WAB-MT authorization are therefore not needed.
Proposal 1-3: The BH RAN may broadcast an optional “WAB-supported” indicator in case it supports WAB-specific enhancements. This broadcast of this indicator is not mandatory for WAB-node integration and BH support.
Proposal 1-4: With dedicated slice ID for WAB, AMF selection can be based NSSAI provided by WAB-MT in Msg. 5, and/or based on CN-based AMF reselection. Signaling enhancements to the AS layer for the support of a WAB-capable AMF selection are not needed.

2.1.2	Preventing multi-hop WAB during WAB-MT network integration 
When a WAB-MT connects to a WAB-gNB, a multi-hop WAB topology is created. Such multi-hop WAB is not part of the study. Therefore, a mechanism needs to be provided that prevents a WAB-MT to connect to a WAB-gNB. 
Observation 1-1: To avoid multi-hop WAB during WAB-node integration, it needs to be prevented that a WAB-MT connects to a WAB-gNB of another WAB-node.
For mobile IAB, the equivalent issue applies. The mobile IAB-node can only connect to a parent node that broadcasts the “mobile IAB-supported” indicator. Multi-hop mobile IAB can therefore be prevented by prohibiting the mobile IAB-DU to broadcast the “mobile IAB-supported” indicator.
The equivalent approach cannot be used for WAB since it is desirable to allow a WAB-MT to also connect to a non-WAB-aware gNB, which will obviously not be able to broadcast a “WAB-supported” indicator. The absence of such indicator can therefore not be used to prevent a WAB-MT from connecting.   
Observation 1-2: The BH gNB should not be required to broadcast a “WAB-supported” indicator for the prevention of multi-hop since this introduces a mandate for WAB-awareness on the BH gNB.
It is, however, possible to achieve the same effect by having the WAB-gNB’s cell broadcast a “WAB-cell” indicator, and by prohibiting the WAB-MT from connecting to (or even camping on) a cell that broadcasts such a “WAB-cell” indicator.
Proposal 1-5: During WAB-node integration, multi-hop WAB can be prevented by prohibiting a WAB-MT from camping on and/or connecting to a WAB-gNB cell based on a “WAB-cell” indicator broadcast by this cell. 

2.2	WAB-node mobility
2.2.1	WAB-node mobility procedures
Since the WAB-MT uses legacy Uu access procedures and transport for backhauling, it can support all legacy mobility procedures on the backhauling network. This includes L3 HO, DC, DAPS, CHO, CPAC and LTM. Further, legacy RLF recovery procedures can be supported, too.
Proposal 2-1: The WAB-MT can support all mobility procedures supported by a legacy UE.
WAB-MT mobility can have the following impact on the WAB-gNB interfaces (following TR 23.700-06):
· No IP address change on backhaul PDU session(s): In this case, there is not impact on WAB-gNB interfaces.
· IP address change on backhaul PDU sessions(s): In this case, NG-C and Xn-C can migrate their SCTP end points using SCTP-inherent signalling mechanisms. Alternatively, application layer protocols NGAP and XnAP allow end point migration by establishing new TNL associations. NG-U GTP-U tunnels can be migrated to the new IP address(es) via the legacy NGAP PDU session Resource Modify Indication procedure. Since these legacy procedures are already in place, additional enhancements may be beneficial but are not necessary. Further, as discussed by TR 23.700-06, migration of these interfaces to a new IP address can be conducted in a make-before-break event by using SSC mode 3 for the BH PDU session(s).
· WAB-node moves into an area where UE’s need to be served by a different AMF: A WAB-gNB migration can be performed analogue to the mIAB-DU migration supported for mobile IAB. In this case, the WAB-node establishes a second logical WAB-gNB. Then, all UEs connected to the initial logical WAB-gNB are handed over between the two logical WAB-gNBs.
Proposal 2-2: In case the IP address of the BH PDU sessions change, NG-C and Xn-C can be migrated to the new IP address(es) via legacy procedures (analogue to the  migration of F1-C in IAB). NG-U GTP-U tunnels can be migrated to the new IP address(es) via the NGAP PDU session Resource Modify Indication procedure. 
Proposal 2-3: In case WAB-node moves into an area where UE’s need to be served by a different AMF, a WAB-gNB migration can be performed, where a second logical WAB-gNB is established, which connects to the new AMF, and all UEs are handed over to this second logical WAB-gNB. 
Figure 1 below shows an example for the WAB-gNB migration procedure. In this procedure, the WAB-node has two concurrent logical WAB-gNBs, referred to as source logical WAB-gNB and target logical WAB-gNB, where the source logical WAB-gNB connects to the initial AMF and the target logical WAB-gNB connects to the new AMF. The UEs served by the source logical WAB-gNB are migrated to the target logical WAB-gNB via the NG handover procedure with AMF change.



Figure 1: WAB-gNB migration procedure
Prior to the WAB-gNB migration procedure, the WAB-node only holds the source logical WAB-gNB. The procedure has the following steps:
1. Baseline: The WAB-node has integrated to the network and contains a WAB-gNB which is connected to an AMF and serves UEs.
2. The WAB-node establishes NG with the new AMF using the new WAB-gNB-ID.
3. The initial logical WAB-gNB initiates the NG handover procedure of its UEs to the new logical WAB-gNB.
4. After all UEs have been handed over, the initial logical WAB-gNB removes the NG connection to its AMF. For NG-removal, the legacy procedures can be used.
This procedure can be conducted via legacy signaling. The use of RACHless handover is optional. 
Proposal 2-4: The WAB-gNB migration procedure can be conducted via legacy signaling. It would be beneficial to introduce an explicit class-1 NG Removal procedure (analogue to F1 Removal procedure). 

2.2.2	Preventing multi-hop WAB backhauling due to WAB-MT HO
When a WAB-MT is handed over from the source to a target BH gNB, it needs to be ensured that the target BH gNB is not a WAB-gNB of another WAB-node. Otherwise, WAB-MT handover would result in a multi-hop WAB topology. The prevention of WAB-MT handover to a WAB-gNB also needs to be ensured in case the source BH gNB is non-WAB-aware.
Observation 2: To avoid multi-hop WAB during WAB-MT mobility, it needs to be prevented that a non-WAB-aware source BH gNB conducts WAB-MT handover to a WAB-gNB.
To allow backhauling via a non-WAB-aware RAN, the following options can be considered:
Option 1: WAB-MT handover is only conducted via NG, and the AMF, which is aware of the WAB-MT’s slice ID as well as the WAB-support by the target gNB, rejects the handover. 
This option has been proposed by SA2. This option does not work for Xn handover. Since a non-WAB-aware RAN does not know whether a UE is a WAB-MT, it may attempt to conduct handover via Xn, and thereby create a multi-hop WAB topology. To avoid such Xn handover, the WAB-gNB needs to ensure that it does not support Xn with the non-RAN-aware source gNB. This implies that the WAB-gNB needs to be able to identify that the BH gNB is WAB-aware vs. non-WAB-aware. It further implies that Xn cannot be supported for WAB-gNBs to a non-WAB-aware BH RAN, which represents a significant limitation of this option.  
Option 2: The WAB-MT only includes those cells into the measurement report that do not broadcast a “WAB-cell” indicator. This implies that all WAB-gNB-cells broadcast a “WAB-cell” indicator in SIB1, and that WAB-MT reads SIB1 of every candidate cell. 
This option does not have the limitation as Option1. However, it has the downside that the WAB-MT has to read SIB1 for every cell it measures.
Option 3: The WAB-MT includes a “WAB” indication in its UE capabilities, and the target gNB rejects the handover request in case it is a WAB-gNB and the “WAB” capability is contained in the UE’s capabilities. 
This option does not have the limitations of Options 1 and 2. It also works for a non-WAB-aware RAN since the UE capabilities are transparently passed from the WAB-MT to the target gNB.
Proposal 2-5: During WAB-MT handover initated by a non-WAB-aware source gNB, multi-hop WAB can be prevented via any of the following options:
Option 1: WAB-gNB does not support Xn, WAB-MT handover is conducted via NG, and the AMF rejects the handover request in case the target cell belongs to a WAB-gNB.
Option 2: The WAB-MT only reports those candidate cells in the measurement report that do not broadcast the WAB-cell indicator.
Option 3: The target WAB gNB rejects the handover request based on a “WAB” indicator in the WAB-MT’s UE capabilities, which are transparently passed by the non-WAB-aware source BH gNB. 

 2.2.3	Support of ANR during WAB-node mobility
For ANR, legacy mechanisms can be used, where the WAB-gNB or a gNB of the backhauling network discovers cells of peer gNBs based on measurement reports by UEs. The WAB-gNB further knows the CGI of the WAB-MT’s serving cell of the backhauling gNB. Based on the CGIs derived in this manner, the gNBs can discover their mutual IP addresses via the legacy NG SON Configuration Transfer procedure.
Proposal 2-6: For Xn establishment, the discovery of neighbor nodes can be based on the legacy SON Configuration Transfer procedure, where the CGI value is derived from UE- and/or WAB-MT measurement reports. 
Proposal 2-7: For the Xn connection between WAB-gNB and BH-gNB, the WAB-gNB may discover the BH-gNB  based on the MT’s serving cell CGI.

2.3	WAB-gNB TAC and PCI
2.3.1	TAC broadcasted by WAB-gNB during WAB-node mobility
For the management of TAC broadcast by a moving WAB-gNB, the same principals are expected to apply as established for mobile IAB. For mobile IAB, TAC can be reconfigured via implementation.
Proposal 3-1: Handling of the WAB-gNB’s TAC follows the same procedure as defined for mIAB-DU’s TAC.

2.3.2	PCI collision avoidance during WAB-node mobility
PCI collisions may occur between a WAB-node cell and the cells on the BH RAN in case they use the same frequency. It is also possible that such PCI collisions occur between WAB-node cells of different WAB-nodes. 
These PCI collision problems are the same as for mobile IAB and they were extensively discussed for mobile IAB. Therefore, the same mechanisms to avoid PCI collisions can be applied as defined for mobile IAB.
Proposal 3-2: For WAB, PCI collision avoidance is handled in the same manner as for mobile IAB.

2.4	Topology discovery
The term “topology discovery” has been used for IAB, where it refers to the procedure for an IAB-donor-CU to discover the collocation of an RRC-connected IAB-MT and an F1-connected IAB-DU.
Translated to WAB, the term “topology discovery” would refer to the procedure where a BH gNB discovers the collocation of an RRC-connected WAB-MT and an Xn-connected WAB-gNB.
Proposal 4-1: For WAB, topology discovery refers to a procedure where a BH gNB discovers the collocation of an RRC-connected WAB-MT and an Xn-connected WAB-gNB.
Obviously, for WAB, topology discovery can only be applied by a BH gNB that is WAB-aware and has Xn connectivity with the WAB-gNB. Both conditions can be considered optional for WAB.
Proposal 4-2: Since for WAB, topology discovery can only be applied by a BH gNB that is WAB-aware and has Xn connectivity with the WAB-gNB, it should be considered an optional enhancement.
To enable topology discovery, the WAB-gNB can include the co-located WAB-MT’s served cell CGI in the Xn Setup procedure, the NG RAN Node Configuration Update procedure and/or the NGAP SON Configuration Transfer procedure with the BH gNB. 
Proposal 4-3: To enable topology discovery, the WAB-gNB can include the co-located WAB-MT’s served cell CGI in the Xn Setup procedure, the NG RAN Node Configuration Update procedure and/or the NGAP SON Configuration Transfer procedure with the BH gNB. 

2.5	Aspects related to UE mobility
2.5.1	UE mobility procedures
WAB backhauling is transparent to UEs. The WAB-gNB further provides a legacy NR interface for UEs. Therefore, the UE can conduct all legacy mobility procedures with WAB-gNBs. 
Proposal 5-1: Since WAB backhauling is transparent to the UE, the UE can conduct all legacy mobility procedures with WAB-gNBs.

2.5.2	ULI for UE’s connected to the WAB-gNB
In the ULI, the UE’s cell is used as a representative indicator for the UE’s location. This concept works well for a stationary cell. However, it cannot be extended to a WAB cell that moves across over large distances since this cell constantly changes its location. The same issue applies to the mobile IAB-DU. For mobile IAB, SA2 decided that the UE’s ULI should include the ULI of the co-located mobile IAB-MT’s served cell. For WAB, a similar mechanism could be applied. However, additional aspects arise in case the access and the backhaul belong to separate PLMN. SA2 is presently discussing this matter. RAN3 may want to wait until SA2 has converged.
Proposal 5-2: For ULI of UE’s connected to WAB-gNB, RAN3 to wait for further progress by SA2.

2.6	Summary
The above aspects have been captured in the TP to TR 38.799.
Proposal 6-1: RAN3 to agree the TP to TR 38.799 in the Annex.
In August, RAN2 will start working on the WAB SI. RAN3 should also send an LS to RAN2 on the following aspects:
· Support of broadcast WAB-cell indicator
· Support of UE capability for WAB.
· RACH-less handover for WAB-gNB migration
Proposal 6-2: Send LS to RAN2 to evaluate the feasibility of (1) broadcast WAB-cell indicator, (2) support of UE capability for WAB, and (3) RACH-less handover for WAB-gNB migration.

3	Conclusion
This contribution discusses aspects related to WAB-node network integration, UE mobility in presence of WAB, WAB-node mobility and WAB topology discovery. The following observations and proposals have been made:

On WAB-node network integration:
Proposal 1-1: The WAB-node network integration procedure to include the following two phases:
· Phase 1: Integration of WAB-MT using legacy Uu procedures including establishment of PDU session(s) for backhauling.
· Phase 2: Integration of WAB-gNB using legacy gNB integration procedures.
Proposal 1-2: As proposed by SA2, WAB-MT authorization is based on dedicated slice. Signaling enhancements to the AS layer for the support of WAB-MT authorization are therefore not needed.
Proposal 1-3: The BH RAN may broadcast an optional “WAB-supported” indicator in case it supports WAB-specific enhancements. This broadcast of this indicator is not mandatory for WAB-node integration and BH support.
Proposal 1-4: With dedicated slice ID for WAB, AMF selection can be based NSSAI provided by WAB-MT in Msg. 5, and/or based on CN-based AMF reselection. Signaling enhancements to the AS layer for the support of a WAB-capable AMF selection are not needed.

Observation 1-1: To avoid multi-hop WAB during WAB-node integration, it needs to be prevented that a WAB-MT connects to a WAB-gNB of another WAB-node.
Observation 1-2: The BH gNB should not be required to broadcast a “WAB-supported” indicator for the prevention of multi-hop since this introduces a mandate for WAB-awareness on the BH gNB.
Proposal 1-5: During WAB-node integration, multi-hop WAB can be prevented by prohibiting a WAB-MT from camping on and/or connecting to a WAB-gNB cell based on a “WAB-cell” indicator broadcast by this cell. 

On WAB-node mobility
Proposal 2-1: The WAB-MT can support all mobility procedures supported by a legacy UE.
Proposal 2-2: In case the IP address of the BH PDU sessions change, NG-C and Xn-C can be migrated to the new IP address(es) via legacy procedures (analogue to the  migration of F1-C in IAB). NG-U GTP-U tunnels can be migrated to the new IP address(es) via the NGAP PDU session Resource Modify Indication procedure. 
Proposal 2-3: In case WAB-node moves into an area where UE’s need to be served by a different AMF, a WAB-gNB migration can be performed analogue to DU migration for mobile IAB. 
Proposal 2-4: The WAB-gNB migration procedure can be conducted via legacy signaling. It would be beneficial to introduce an explicit class-1 NG Removal procedure (analogue to F1 Removal procedure). 
Observation 2: To avoid multi-hop WAB during WAB-MT mobility, it needs to be prevented that a non-WAB-aware source BH gNB conducts WAB-MT handover to a WAB-gNB.
Proposal 2-5: During WAB-MT handover initated by a non-WAB-aware source gNB, multi-hop WAB can be prevented via any of the following options:
Option 1: WAB-gNB does not support Xn, WAB-MT handover is conducted via NG, and the AMF rejects the handover request in case the target cell belongs to a WAB-gNB.
Option 2: The WAB-MT only reports those candidate cells in the measurement report that do not broadcast the WAB-cell indicator.
Option 3: The target WAB gNB rejects the handover request based on a “WAB” indicator in the WAB-MT’s UE capabilities, which are transparently passed by the non-WAB-aware source BH gNB. 
Proposal 2-6: For Xn establishment, the discovery of neighbor nodes can be based on the legacy SON Configuration Transfer procedure, where the CGI value is derived from UE- and/or WAB-MT measurement reports. 
Proposal 2-7: For the Xn connection between WAB-gNB and BH-gNB, the WAB-gNB may discover the BH-gNB  based on the MT’s serving cell CGI.

On WAB-gNB TAC and PCI:
Proposal 3-1: Handling of the WAB-gNB’s TAC follows the same procedure as defined for mIAB-DU’s TAC.
Proposal 3-2: For WAB, PCI collision avoidance is handled in the same manner as for mobile IAB.
On topology discovery:
Proposal 4-1: For WAB, topology discovery refers to a procedure where a BH gNB discovers the collocation of an RRC-connected WAB-MT and an Xn-connected WAB-gNB.
Proposal 4-2: Since for WAB, topology discovery can only be applied by a BH gNB that is WAB-aware and has Xn connectivity with the WAB-gNB, it should be considered an optional enhancement.
Proposal 4-3: To enable topology discovery, the WAB-gNB can include the co-located WAB-MT’s served cell CGI in the Xn Setup procedure, the NG RAN Node Configuration Update procedure and/or the NGAP SON Configuration Transfer procedure with the BH gNB. 

On UE-mobility with WAB:
Proposal 5-1: Since WAB backhauling is transparent to the UE, the UE can conduct all legacy mobility procedures with WAB-gNBs.
Proposal 5-2: For ULI of UE’s connected to WAB-gNB, RAN3 to wait for further progress by SA2.

Summary:
Proposal 6-1: RAN3 to agree the TP to TR 38.799 in the Annex.
Proposal 6-2: Send LS to RAN2 to evaluate the feasibility of (1) broadcast WAB-cell indicator, (2) support of UE capability for WAB, and (3) RACH-less handover for WAB-gNB migration.
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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.

[bookmark: _Toc162627548]4.3.X1	WAB-node integration
4.3.X1.1		WAB-node integration procedure

The network integration procedure for the WAB-node consists of two phases as shown in Figure 4.3-1.


Figure 4.3.X1-1: WAB-node network integration
Phase 1: The WAB-MT integrates into the backhaul network.  In this phase, the WAB-MT of the WAB-node (re)selects a cell of the BH RAN and then connects to the 5G network in the same way as a UE, i.e., by performing RRC connection setup procedure with the BH gNB and registration with the BH 5GC. The WAB-MT is authorized for WAB operation by the BH 5GC and then establishes PDU session for OAM connectivity for backhauling. The following steps are specific to WAB:
· When the WAB-MT intends to connect to the network for the support of backhauling, it (re)selects a cell of a BH gNB node that does not broadcast a WAB-cell indicator.
· The WAB-MT performs the RRC establishment procedure at the cell selected, and it includes a WAB-specific NSSAI in the RRC Setup Complete message.
· Based on the NSSAI included, the BH gNB may select an AMF of the BH 5GC that can perform WAB authorization.
· The AMF BH 5GC authorizes the WAB-MT via NAS signalling.
· The establishment of PDU sessions for WAB-specific OAM connectivity and PDU-sessions for WAB backhauling follow the procedures defined in TR 23.700-06.
The BH gNB can remain unaware of the WAB-MT’s network integration and operation as a WAB-node.
[bookmark: _CR8_13]Phase 2: The WAB-gNB integrates into the 5G CN serving UEs. The integration is based on configuration obtained via OAM and follows legacy procedures. During WAB-gNB network integration, the WAB-gNB establishes NG with the AMF. The WAB-gNB can establish NG connections with multiple AMFs. The AMFs can belong to the same or a different PLMN(s) than the BH PLMN. After the NG interface is set up, the mobile IAB-node can start serving UEs. 
The WAB-gNB may establish Xn with BH gNBs. The discovery of BH gNBs can follow legacy procedures.
The following steps are specific to WAB:
· For NG, the WAB-gNB uses the IP addresses of the PDU sessions allocated for backhauling.
· The WAB-gNB includes a WAB-cell indicator in the system information broadcast to prevent other WAB-nodes to (re)select this WAB-cell. 
· The WAB-gNB can derive the BH-gNB’s TNL information, e.g., for establishment of Xn, via the NG SON Configuration Transfer procedure and the WAB-MT’s serving cell ID.
The BH RAN can remain unaware of the WAB-gNB’s network integration and operation as a WAB-node.

4.3.X1.2		Avoiding multi-hop WAB during WAB-node integration
During network integration, the WAB-MT should not (re)select or connect to a WAB-gNB. There are two options to avoid the WAB-MT’s (re)selection and connection establishment at the WAB-gNB of another WAB-node:
Option 1: The BH gNB broadcasts a “WAB-supported” indicator, which is used for (re)selection by WAB-MTs. The WAB-MT will not (re)select WAB-gNBs since they do not broadcast this indicator.
Option 2: The WAB-gNB cell broadcasts a “WAB-cell” indicator. The WAB-MT will not (re)select cells broadcasting this indicator.
Comparison of these options: Option 1 mandates that the BH gNB has WAB awareness. Option 2 does not mandate such WAB awareness for the BH gNB. While Option 1 can be used to indicate support of WAB-related enhancements by the BH gNB, it cannot be used for WAB support by a non-WAB-aware RAN.


4.3.X2	WAB-node mobility
4.3.X2.1	General
During WAB-node mobility, the WAB-MT can use all legacy UE mobility procedures.
From RAN perspective, the following WAB-node mobility scenarios need to be considered:
· Scenario 1: The WAB-MT’s BH PDU session does not change during WAB-node mobility (corresponds to scenarios A and B in TR 23.799-06).
· Scenario 2: The WAB-MT’s BH PDU session changes during WAB-node mobility (corresponds to scenario C in TR 23.799-06).
· Scenario 3: The WAB-gNB changes AMF with WAB-gNB-ID change (corresponds to scenario D and E in TR 23.799-06).
· Scenario 4: The WAB-MT’s BH PDU session and the WAB-gNB’s AMF change during WAB-node mobility (corresponds to scenario F in TR 23.799-06).

4.3.X2.2	WAB-node mobility without change of BH PDU session
In case the PDU session(s) used for backhauling do(es) not change during WAB-node mobility, the IP addresses used by the WAB-MT for NG and Xn are not affected.
The BH RAN can remain WAB-unaware during this WAB-node mobility procedure.

4.3.X2.3	WAB-node mobility with change of BH PDU session
In case the PDU session(s) used for backhauling change during WAB-node mobility, the IP addresses used by the WAB-gNB for NG and Xn will change, too. This implies that the NG and Xn interfaces need to be migrated to the TNL addresses of the new PDU sessions.
The PDU sessions used for backhauling can use SSC modes 2 or 3 in compliance with TS 23.501. In case, they use SSC mode 2, the IP address change is conducted as break-before-make. For SSC mode 3, the IP address change can be conducted as make-before break. 
The migration of NG and Xn from the initial to the new IP addresses can be supported in both scenarios via legacy procedures. 
For NG-C and Xn-C, the transport layer associations can be reestablished with the new IP addresses. In case of make-before-break changes, transport redundancy can be achieved for NG-C and Xn-C.
For NG-U, the GTP-tunnels can be migrated to the new IP addresses via the legacy NGAP PDU Session Resource Modify procedure. 
Xn-U is primarily affected for UEs that perform NR DC between the WAB-gNB and another RAN node. In this case, Xn-U GTP-tunnels can be migrated to the new IP addresses via the legacy XnAP S-Node Modification procedures or the XnAP Xn-U Address Indication procedure. For Xn-U is also used for data forwarding during UE handover. The time frame of data forwarding, however, is rather small. In case UE handover coincides with the WAB-MT’s PDU session change, it might happen that some of the forwarded packets get lost and have to be retransmitted via upper layers. 
The BH RAN can remain WAB-unaware during this WAB-node mobility procedure.

4.3.X2.4	WAB-node mobility with change of WAB-gNB’s AMF
The case, where the WAB-gNB moves into a new AMF area and has to change its gNB-ID, can be referred to as a WAB-gNB-migration procedure analogue to the mIAB-DU migration procedure defined for mobile IAB. In the WAB-gNB-migration procedure, the WAB-node establishes a second logical WAB-gNB with the new gNB-ID which connects to the new AMF. The initial and the new logical WAB-gNB will operate concurrently for some time frame, during which all UEs served by the initial logical WAB-gNB will be handed over to the new logical WAB-gNB.
 Figure 4.3.X2.3-1 shows an example of this procedure.


Figure 4.3.X2.4-1: WAB-node network integration
To procedure shown in Figure 4.3.X2.3-1 has the following steps:
5. Baseline: The WAB-node has integrated to the network and contains a WAB-gNB which is connected to an AMF and serves UEs.
6. The WAB-node establishes NG with the new AMF using the new WAB-gNB-ID.
7. The initial logical WAB-gNB initiates the NG handover procedure of its UEs to the new logical WAB-gNB.
8. After all UEs have been handed over, the initial logical WAB-gNB removes the NG connection to its AMF. For NG-removal, the legacy procedures can be used.
TS 38.423 presently does not support an explicit NG removal procedure. The following options can be considered:
· The WAB-gNB removes the TNL of the NG and discontinues sending or responding to keepalives. The AMF will remove the NG connection after timer has expired.
· RAN3 defines a separate NG removal procedure.
The UE handover during WAB-gNB migration can be conducted RAN-less as defined for mIAB-DU migration. 
The BH RAN can remain WAB-unaware during this WAB-node mobility procedure.

4.3.X2.5	WAB-node mobility with concurrent change of BH PDU session and WAB-gNB’s AMF
In this scenario, the initial logical WAB-gNB may release the UE to idle state. When the WAB-node has established the new logical WAB-gNB, the UEs may re-select cells of this new logical WAB-gNB and reestablish a connection to this new logical WAB-gNB.

4.3.X2.6	Support of ANR during WAB-node mobility
For ANR, legacy mechanisms can be used, where the WAB-gNB or a gNB of the backhauling network discovers cells of peer gNBs based on measurement reports by UEs. The WAB-gNB further knows the CGI of the WAB-MT’s serving cell of the backhauling gNB. Based on the CGIs derived in this manner, the gNBs can discover their mutual IP addresses via the NG SON Configuration Transfer procedure.

4.3.X2.7	Avoiding multi-hop WAB topologies during WAB-node mobility
In case the WAB-MT is handed over to another gNB, it has to be prevented that the target gNB is a WAB-gNB since this creates a multi-hop WAB topology. The solutions considered should avoid the need for WAB-awareness on the BH gNB (i.e., the source gNB). The following solutions can be considered, that meet this requirement:
Option 1: WAB-MT handover is only conducted via NG, and the AMF, which is aware of the WAB-MT’s slice ID as well as the WAB-support by the target gNB, rejects the handover. 
Option 2: The WAB-gNB-cell broadcasts a “WAB-cell” indicator, and the WAB-MT only includes those cells into the measurement report that do not broadcast this indicator. 
This option does not have the limitation as Option1. However, it has the downside that the WAB-MT has to read SIB1 for every cell it measures.
Option 3: The WAB-MT includes a “WAB” indication in its UE capabilities, and the target gNB rejects the handover request in case it is a WAB-gNB and the “WAB” capability is contained in the UE’s capabilities. 
This option does not have the limitations of Options 1 and 2. It also works for a non-WAB-aware RAN since the UE capabilities are transparently passed from the WAB-MT to the target gNB.
Comparison of options: 
Option 1 has been proposed by SA2. This option does not work for Xn handover. Since a non-WAB-aware RAN does not know whether a UE is a WAB-MT, it may attempt to conduct handover via Xn, and thereby create a multi-hop WAB topology. To avoid such Xn handover, the WAB-gNB needs to ensure that it does not support Xn with the non-RAN-aware source gNB. This implies that the WAB-gNB needs to be able to identify that the BH gNB is WAB-aware vs. non-WAB-aware. It further implies that Xn cannot be supported for WAB-gNBs to a non-WAB-aware BH RAN, which represents a significant limitation of this option.  
Option 2 does not have the limitation as Option1. However, it has the downside that the WAB-MT has to read SIB1 for every cell it measures.
Option 3 does not have the limitations of Options 1 and 2. It also works for a non-WAB-aware RAN since the UE capabilities are transparently passed from the WAB-MT to the target gNB. Consequently, Option 3 can meet the requirements, i.e., avoiding multi-hop WAB without WAB-awareness on the BH gNB, without the shortcomings of Options 1 and 2. 

4.3.X2.8	Topology discovery
The term “topology discovery” has been used for IAB, where it refers to the procedure for an IAB-donor-CU to discover the collocation of an RRC-connected IAB-MT and an F1-connected IAB-DU.
Translated to WAB, the term “topology discovery” would refer to the procedure, where a BH gNB discovers the collocation of an RRC-connected WAB-MT and an Xn-connected WAB-gNB.
For WAB, topology discovery can only be applied by a BH gNB that is WAB-aware and has Xn connectivity with the WAB-gNB. Both conditions are optional for WAB.
To enable topology discovery, the WAB-gNB can include the co-located WAB-MT’s served cell CGI in the Xn Setup procedure, the NG RAN Node Configuration Update procedure and/or the NGAP SON Configuration Transfer procedure with the BH gNB. 

4.3.X2.9	TAC broadcasted by WAB-gNB during WAB-node mobility
For the management of TAC broadcast by a moving WAB-gNB, the same principals are expected to apply as established for mobile IAB. For mobile IAB, TAC can be reconfigured via implementation.

4.3.X2.10	PCI collision avoidance during WAB-node mobility
PCI collisions may occur between a WAB-node cell and the cells on the BH RAN in case they use the same frequency. It is also possible that such PCI collisions occur between WAB-node cells of different WAB-nodes. 
These PCI collision problems are the same as for mobile IAB and they were extensively discussed for mobile IAB. Therefore, the same mechanisms to avoid PCI collisions can be applied as defined for mobile IAB.

4.3.X3	Aspects related to UE mobility
4.3.X3.1	UE mobility procedures
WAB backhauling is transparent to UEs. The WAB-gNB further provides a legacy NR interface for UEs. Therefore, the UE can conduct all legacy mobility procedures with WAB-gNBs. 


	End of Change
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