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1	Introduction
RAN#102 agreed study item on topological enhancements for NR [1]. It covers both 5G femto and wireless access backhaul (WAB). The objectives for WAB SI are following, [1]:
	. 	Study the support of WAB including [RAN3, RAN2]:
-	Study the architecture and protocol stack of supporting a gNB with MT function providing PDU session backhaul.
-	Study impact of WAB mobility within an existing RAN (e.g., inter-gNB neighbour relations).
-	Identify necessary inter-gNB- and gNB-to-CN signalling to address the support of WAB.
-	Study signalling enhancements on resource multiplexing for WAB.
NOTE 1: No impact on the UE.
[bookmark: _Hlk153245550]NOTE 2: Coordination with other WGs (e.g. SA2) when needed.
The WAB study does not preclude any backhaul scenario (e.g. NTN or TN).



Furthermore, SA2 has already been working on the topic and identified key issues and potential solutions for those. Based on the studies, SA2 has sent an LS asking for RAN3 to provide RAN considerations on the assumptions and agreements done so far in SA2, [3]. Following specific questions are asked to be elaborated by RAN3:
	Question 1: SA2 currently considers that the MWAB (MWAB-UE) authorization could be based on dedicated slice ID(s) (S-NSSAI(s)). Therefore, from SA2 perspective no MWAB-specific AS layer indication at MWAB-UE's RRC establishment is required. SA2 would like to also point out that if there was a strict need for indication at AS layer, the existing mechanism of including S-NSSAI in RRC connection establishment could be considered. SA2 would like to invite RAN3 to provide the feedback if any scenario considered by RAN3 needs such a MWAB-specific AS layer indication. Note that SA2 considers the MWAB-gNB and MWAB-UE may register and connect to different PLMNs, and the authorization of the MWAB-UE is different from the MWAB-gNB service authorization/configuration/activation by OAM/SeGW.   
[bookmark: _Hlk164345085]Question 2: For the MWAB (MWAB-UE) authorization result, SA2 could not identify any reason to inform/update that to the NG-RAN serving the MWAB-UE. Therefore, SA2 would like to understand from RAN3's perspective whether the MWAB authorization result needs to be provided to the NG-RAN serving the MWAB-UE.
Question 3: To support mobility of the MWAB, some solutions assume that the MWAB-gNB can instantiate two cells (with same gNB ID or different gNB ID), and handover connected UEs between the two cells. The different gNB IDs use case is driven by the need to change AMF if the MWAB moves into a geographic area where a different AMF must be chosen to serve UEs. SA2 would like to ask RAN3 to confirm if this can be supported or not.  	
Question 4: SA2 discussed the scenario of Xn interface between RAN nodes over the IP connectivity provided by the PDU session of MWAB-UE, and would like to ask RAN3 if this scenario can be supported by RAN3. 



This contribution analyses WAN integration and mobiltiy and RAN aspects related to questions in the SA2 LS.
2	WAB integration procedure and authorization
A high-level flow chart for WAB integration is shown in the Figure 6:



Figure 6: integration procedure for WAB
Phase 1: WAB-UE setup. In this phase, the WAB-UE of the WAB-node connects to the network in the same way as a UE, by performing RRC connection setup procedure with the BH gNB, authentication with the core network, WAB-UE’s access traffic-related radio bearer configuration at the RAN side (SRBs and optionally DRBs), and, optionally, OAM connectivity establishment by using the WAB-UE’s PDU session. 
Editor’s NOTE: Unlike IAB, to support the scenarios with minimum impact to RAN network, e.g., to have minimum changes, unless SA2 requires, no indications are needed from the gNB serving WAB-MT to indicate support for WAB and to avoid multi-hop. SA2 currently discussed solutions where minimal impact to RAN is introduced, while still achieving single-hop. Furthermore, there is no need for WAB-UE to indicate its capability in RRC relevant signalling, rather SA2 currently discusses solutions that are transparent to RAN due to similar reason as above. 
NOTE: The signalling flow for UE initial access procedure as shown in Figure 8.1-1/Figure 8.9.1-1 of TS 38.401 is used for the setup of the WAB-UE. 
Phase 2-1: BH PDU session establishment. The WAB-UE may be preconfigured with the information for BH PDU sessions to be established. Up to the configuration, one or more BH PDU sessions may be established. 
Phase 2-2: The WAB-gNB is configured with the information of the AMF(s) to serve the UE. The WAB-gNB initiate TNL establishment, and NG setup procedure. After the NG is set up, the WAB-gNB can start serving the UEs. The WAB-gNB may also setup Xn with neighbouring gNB.

Proposal 1-1: RAN3 to agree the procedure above for WAB integration.

As for the SA2 LS ([3]) Question 1, it does not seem needed to introduce any RAN level indications about the node type. In IAB, the IAB indication in the connection setup request message was used to the AMF selection. In WAB, it is desirable to avoid RAN enhancements to allow WAB connection to serving RAN with no or minimum upgrades. Hence, during the WAB-node connection setup, AMF can be changed by the CN in case the initially selected AMF was not supporting WAB. This would allow also WAB-UE to operate like a normal UE also during the connection establishment phase. Furthermore, the WAB authorization is assumed to be provided with NAS signaling not requiring any RAN enhancements.
SA2 agreed principles to use S-NSSAI(s) indicating the WAB the accessibility WAB support which is also applicable in the roaming scenario. OAM can configure appropriate S-NSSAI(s) implying that this is network deployment issue and up to implementation. Hence, any RAN enhancements for integration and authorization would be redundant.
Observation 1-1: No mandatory RAN level enhancements are anticipated for WAB node integration and authorization.
As for the SA2 LS ([3]) Question 2 whether the MWAB authorization result needs to be provided to the NG-RAN serving the MWAB-UE, as the authorization status can be provided on NAS layer, there are means to activate and release the BH PDU sessions either by the WAB-UE or AMF without the serving RAN awareness of the WAB authorization status. Similarly, UEs connected to WAB can be handed over or released when the authorization status is changed to “not authorized”. WAB-UE can be assumed to inform WAB-gNB whenever authorization status is changed and if e.g. HO or connection release need to be initiated.
Based on the above, the response to the Question 1 and Question 2 can be following
[bookmark: _Hlk165890164]“Response to Question 1: Considering the capabilities of the SA2 agreed principles for WAB, RAN3 does not see any mandatory RAN level enhancements needed in order to support WAB integration and authorization.Response to Question 2: According to SA2 assumptions for the WAB authorization and authorization status update, RAN3 does not have identified need for to make the serving RAN aware of the authorization status as the consequent actions can be done by existing procedures and initiated either by AMF or WAB-node itself.”
Proposal 1-2: RAN3 to reply to SA2 Question 1 and 2 as proposed above.

3	WAB mobility
NOTE: in this contribution, the “gNB serving WAB-MT” is same as the “BH gNB” as used in SA2 TR 23.700-06 ([2])
TAC/RANAC (re-)configuration for WAB 
The TAC/RANAC of WAB’s cell is configured by the OAM, and it can be reconfigured by the OAM during the WAB-node’s mobility. The TAC/RANAC of the WAB’s cell may be same as or different than the TAC/RANAC of the cell of the gNB serving the WAB-MT. The TAC/RANAC broadcasted by the WAB cell can be changed in order to reflect the WAB-node’s physical location. 
Proposal 2-1: Add the TAC/RANAC (re-)configuration for WAB in the TR.
In Rel-18 mobile IAB, there is a potential NCI collision issue when a stationary gNB-DU’s cell and a mobile IAB’s cell are configured with the same NCI by different OAM system. This issue will not exist in WAB, since each WAB (or neighboring gNB) use different gNB ID, thus NCI collision issue will never happen.

PCI (re-)configuration for WAB 
When the mobile WAB moves, there may be a potential PCI collision between the cells from different WAB, or between WAB’s cell and a stationary gNB-DU’s cell. The WAB may need to change PCI for its cell. The connected UE will see the different cell before and after the PCI change. HO procedure can be used to move the UE from the “old” WAB cell using an old PCI and the “new” WAB cell using the new PCI. It can be considered as inter-cell intra-gNB HO. To support this HO, the WAB may need to have both “old” cell and “new” cell activate simultaneously.  This is similar to Rel-18 mobile IAB-DU migration that the UE is HO from the source logical IAB-DU’s cell to the co-located target logical IAB-DU’s cell.  After all connected UEs are HO to the new cell, the WAB-gNB may deactivate the old cell. 
Proposal 2-2: In case PCI need to be changed for a WAB’s cell, the WAB need to have two logical cells active simultaneously. The connected UE can be HO from the old cell to the new cell.

The WAB-UE migration, and relocation of UE’s AMF can be independent to each other. 
WAB-UE migration
When the WAB moves, it may need to be handover from one gNB serving WAB-MT to another gNB serving WAB-MT. Current Xn-HO/NG-HO can be reused for the WAB-UE. The IP address of the WAB-UE is maintained after the Xn-HO/NG-HO. So, the N2/N3 for the connected UEs are not affected.
Proposal 2-3: Existing Xn/NG-handover procedure can be reused for the migration of WAB-UE.
Relocation of UE’s AMF
The WAB-UE handover may cause the changes to the UE’s serving AMF, for example, when the WAB is moving out of the service area of UE’s current AMF. Similar to Rel-18 mobile IAB, the WAB is configured with the trigger condition and necessary information. For example, the WAB is configured with the trigger condition, e.g. to disconnect from the UE’s old AMF, and setup NG with new AMF. The WAB is also configured with the AMF information that the WAB-gNB needs to setup NG. When the trigger condition is met, the WAB-gNB initiates a NG-HO to change the UE’s AMF. Again, it is similar to Rel-18 mobile IAB. The WAB has two logical WAB-gNBs, i.e. the source logical WAB-gNB connects with the UE’s source AMF, and the target logical WAB-gNB connects with the UE’s target AMF. The source WAB-gNB initiate the NG-HO to change the UE’s AMF. An example call flow is shown below:


Figure 2: relocation of UE’s AMF
Proposal 3-2: The relocation of the UE’s AMF can be performed by using two logical gNBs in the WAB.
Referring to above, the two logical gNBs can be assigned with different gNB-IDs enabling the migration scenario between two AMF. UEs connected to the WAB can then be handed over with normal NG HO procedure. Hence, we can confirm to SA2, as requested in SA2 LS ([3]) Question 3, that the described option is feasible being analogue to mIAB DU migration. The response to SA2 can be following:
“Response to Question 3: RAN3 confirms the feasibility of the mobility solution where another (logical) gNB is instantiated to serve another (target) cell to which UEs are handed over when AMF is changed.”
Proposal 2-4: RAN3 to reply to SA2 Question 3 as proposed above.

4	Inter-gNB Neighbour Relations and Xn Establishment
In Rel-18, the mobile IAB acts as a gNB-DU/cell. The Xn between the IAB-donor and its neighboring gNB may be already established before mobile IAB connects with IAB-donor. The arrival/departure of a mobile IAB does not affect the Xn between the IAB-donor and its neighboring gNB, other than possibly informing neighbors about newly deployed/released IAB cell(s). From the perspective of a neighboring gNB, the arrival/departure of a mobile IAB can be considered to add/remove cell(s) of the serving IAB-donor. 
The WAB brings a new challenge to the inter-gNB neighbor relation. Unlike a new Rel-18 mobile IAB appearing as a new gNB-DU/cell to neighboring gNB, WAB appears as a new gNB to the neighboring gNB. The arrival/departure of mobile WAB causes dynamic setup/release of the Xn between the WAB-gNB and its neighboring gNB(s).
In legacy system, the gNB can initiate the ANR procedure whenever the UE report an unknown PCI, i.e. a PCI that is not in the NCRT. This can be similar for WAB, e.g. WAB initiate the ANR procedure whenever the UE reports an unknown PCI. However, WAB faces another challenge, for example, when the UE report a known PCI, the WAB cannot know whether the PCI is related to an existing cell/entry in its NCRT, or the PCI belong to a new neighboring cell that is not in the NCRT. This is due to the mobility nature of WAB and PCI reuse for cells in different geographical area. 


Figure 1: PCI reuse by cells of gNB1 and gNB3
 An example is shown in above figure. 
· When the WAB is at location A, it detects the new cell with PCI#1 (i.e. gNB1’s cell), WAB initiate ANR procedure to add gNB1’s cell in its NCRT. 
· Later, when WAB move to location B which is covered by gNB3’s cell with same PCI#1, WAB cannot know whether the PCI#1 corresponds to an existing entry in NCRT that is related to gNB1’s cell, or corresponds to a new cell. 
So, it is necessary for WAB-gNB to know the neighboring cell, and a neighboring gNB to know WAB cell as early as possible.
It is beneficial for exchange the neighboring cell information over Xn interface, in order for WAB-gNB to know the neighboring cell, and a neighboring gNB to know WAB cell as early as possible. In legacy system, the Xn setup is either triggered by OAM, or by ANR. 
Xn establishment between WAB-gNB and the gNB serving WAB-MT
When the WAB-UE connects to a gNB serving WAB-MT, the WAB-UE knows the TAI/CGI of the serving cell. After the integration procedure (i.e. WAB-UE connected with the gNB serving WAB-MT, WAB-gNB setup NG with the AMF, BH PDU session establishment), the WAB-UE can initiate the Xn-C TNL address discovery procedure towards the gNB serving WAB-MT. The WAB-UE may then initiate the TNL/Xn Setup with the gNB serving WAB-MT.
Proposal 3-1: WAB-gNB can reuse existing Xn-C TNL address discovery procedure to know the Xn-C TNL address of gNB serving WAB-MT, then setup Xn with gNB serving WAB-MT. 

Xn establishment between WAB-gNB and neighboring gNB
The WAB-gNB can reuse the existing mechanism to detect the neighboring cell of a gNB. Since the WAB has a gNB functionality, it can initiate the ANR procedure based on the measurement report from a connected UE, or from the measurement report of the co-located WAB-UE. In addition, the WAB-gNB can also use the information received from gNB serving WAB-MT over Xn.  During the Xn Setup or NG-RAN node configuration update procedure, the gNB serving WAB-MT can provide its neighboring cell information to the WAB-gNB. In most of the scenarios, the WAB’s neighboring gNB is also a neighboring gNB to the gNB serving WAB-MT. The WAB-gNB can use the neighboring cell information received from the gNB serving WAB-MT to update its NCRT, or initiate Xn-C TNL address discovery procedure for further TNL/Xn Setup with the neighboring gNB.
Proposal 3-2: WAB-gNB can use the neighboring cell information received from the gNB serving WAB-MT to update its NCRT or initiate the Xn-C TNL address discovery procedure towards the neighboring gNB for further TNL/Xn Setup with the neighboring gNB.
Regarding the SA2 LS ([3]) Question 4 about the usage of the BH PDU session for the Xn connections, it can be confirmed that there are no issues related to this solution and the existing procedures can be reused to support it. The response to SA2 can be following: 
“Response to Question 4: RAN3 confirms that Xn over the BH PDU session is feasible.”
Proposal 3-3: RAN3 to reply to SA2 Question 4 as proposed above.

5	Conclusion
In this contribution we have analyzed WAB integration, authorization and mobility from RAN perspective. We have also elaborated the RAN view regarding the questions in the SA2 LS [3] and propose RAN3 responses to those. A draft reply-LS is provided in the Annex I.
Proposal 1-1: RAN3 to agree the procedure above for WAB integration.
Observation 1-1: No mandatory RAN level enhancements are anticipated for WAB node integration and authorization.
Proposal 1-2: RAN3 to reply to SA2 Question 1 and 2 as proposed above.
Proposal 2-1: Add the TAC/RANAC (re-)configuration for WAB in the TR.
Proposal 2-2: In case PCI need to be changed for a WAB’s cell, the WAB need to have two logical cells active simultaneously. The connected UE can be HO from the old cell to the new cell.
Proposal 2-3: Existing Xn/NG-handover procedure can be reused for the migration of WAB-UE.
Proposal 2-4: RAN3 to reply to SA2 Question 3 as proposed above.
Proposal 3-1: WAB-gNB can reuse existing Xn-C TNL address discovery procedure to know the Xn-C TNL address of gNB serving WAB-MT, then setup Xn with gNB serving WAB-MT. 
Proposal 3-2: WAB-gNB can use the neighboring cell information received from the gNB serving WAB-MT to update its NCRT or initiate the Xn-C TNL address discovery procedure towards the neighboring gNB for further TNL/Xn Setup with the neighboring gNB.
Proposal 3-3: RAN3 to reply to SA2 Question 4 as proposed above.
Draft Reply LS can be found in Annex A – Text proposal for the reply-LS to SA2
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1	RAN3 conclusions on requested information
RAN3 thanks SA2 for the LS in S2-2405822 on WAB implications to RAN related to WAB authorization and mobility. RAN3 has analysed the solutions and concluded following as the responses to SA2 questions.
Question 1: SA2 currently considers that the MWAB (MWAB-UE) authorization could be based on dedicated slice ID(s) (S-NSSAI(s)). Therefore, from SA2 perspective no MWAB-specific AS layer indication at MWAB-UE's RRC establishment is required. SA2 would like to also point out that if there was a strict need for indication at AS layer, the existing mechanism of including S-NSSAI in RRC connection establishment could be considered. SA2 would like to invite RAN3 to provide the feedback if any scenario considered by RAN3 needs such a MWAB-specific AS layer indication. Note that SA2 considers the MWAB-gNB and MWAB-UE may register and connect to different PLMNs, and the authorization of the MWAB-UE is different from the MWAB-gNB service authorization/configuration/activation by OAM/SeGW. 
RAN3 Answer to Question 1: Considering the capabilities of the SA2 agreed principles for WAB, RAN3 does not see any mandatory RAN level enhancements needed in order to support WAB integration and authorization. 
Question 2: For the MWAB (MWAB-UE) authorization result, SA2 could not identify any reason to inform/update that to the NG-RAN serving the MWAB-UE. Therefore, SA2 would like to understand from RAN3's perspective whether the MWAB authorization result needs to be provided to the NG-RAN serving the MWAB-UE.
RAN3 Answer to Question 2: According to SA2 assumptions for the WAB authorization and authorization status update, RAN3 does not have identified need for to make the serving RAN aware of the authorization status as the consequent actions can be done by existing procedures and initiated either by AMF or WAB-node itself.

Question 3: To support mobility of the MWAB, some solutions assume that the MWAB-gNB can instantiate two cells (with same gNB ID or different gNB ID), and handover connected UEs between the two cells. The different gNB IDs use case is driven by the need to change AMF if the MWAB moves into a geographic area where a different AMF must be chosen to serve UEs. SA2 would like to ask RAN3 to confirm if this can be supported or not.  	
RAN3 Answer to Question 3: RAN3 confirms the feasibility of the mobility solution where another (logical) gNB is instantiated to serve another (target) cell to which UEs are handed over when AMF is changed, or when there is a potential PCI collision.

Question 4: SA2 discussed the scenario of Xn interface between RAN nodes over the IP connectivity provided by the PDU session of MWAB-UE, and would like to ask RAN3 if this scenario can be supported by RAN3. 
RAN3 Answer to Question 4: RAN3 confirms that Xn over the PDU session is feasible.

2	Actions
To SA2: 
ACTION: 	RAN3 kindly asks SA2 to take the above into account.
3	Dates of next RAN3 meetings
Updated meeting schedule can be found at: https://portal.3gpp.org/?tbid=373&SubTB=381#/ 

RAN3#125			2024-08-19 – 2024-08-23					Maastricht
RAN3#125bis		2024-10-14 – 2024-10-18					China
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