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Abstract: A new solution for KI#3, which assumes to configure a dedicated TAC for MBSR. And how to address the issues caused by UE mobility without Mobility Registration Update is proposed.  
1. Introduction
This contribution proposes a new solution for KI#3, in which the MBSR supports to serve UEs by broadcasting a dedicated TAI during mobility. 
2. Text Proposal
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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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[bookmark: _Toc100980648][bookmark: _Toc104058431]6.y.1	Introduction
The solution addresses the Key Issue#3 for UE mobility optimization when served by MBSR. This solution assumes that the MBSR operates with dedicated TAC(s). For the details, there are two options in this solution: 
· Option#1:it provides methods for UE mobility in case of the TAC broadcasted by the MBSR is unchanged during mobility. In other words, the MBSR is configured with a dedicated TAC which is unique per MBSR. Regardless of whether the IAB-donor gNB changes or not, this dedicated TAC broadcasted by the MBSR is fixed once the MBSR is operational.
· Option#2: it is assumed that the MBSR uses the same TAC within a certain service area. The service area of dedicated TAC depends on the presence of N2 reference point between new IAB-donor gNB and AMF-UEs. If no N2 reference point can be established, the MBSR will change the TAC to broadcast during the full migration phase. 
[bookmark: _Toc100980649][bookmark: _Toc104058432]6.y.2	Functional Description
6.y.2.1	TAC broadcasted by the MBSR is unchanged during mobility 
The option is based on the support of existing IAB architecture as specified in TS 23.501 [2] with the following high-level description:
-	It is assumed that the OAM configures a dedicated TAC for the MBSR. The dedicated TAC is unique per MBSR and different from the TACs supported by the normal cells. 
-  During F1 setup procedure, the gNB-DU includes a mobile IAB indication in the F1 SETUP REQUEST message to the IAB-donor gNB and also provides the dedicated TAC as the cell configuration information. The IAB-donor gNB shall perform gNB Configuration Update towards 5GC to add the dedicated TAI into the Supported TA List of donor gNB. In addition, IAB-donor gNB indicates the 5GC that the dedicated TAI is MBSR specific. Similarly, when the MBSR releases the F1 connection with IAB-donor gNB, the IAB-donor gNB shall perform gNB Configuration Update towards 5GC to delete the dedicated TAI from the Supported TA List of donor gNB. In other words, the dedicated TAC of MBSR enables the 5GC to detect whether UE is accessing via MBSR. Meanwhile, the IAB-donor gNB connecting with the MBSR can be tracked using the Supported TA List of donor gNB. 
[image: ]
Figure 6.y.2.1-1: IAB-node mobility with dedicated TAC
-  When UE registers to the 5GC via the MBSR, the IAB-donor gNB selects a suitable AMF for UE. The UE-AMF knows that the UE is camping on the cell of MBSR based on the UE’s TAI in the N2 message. The UE-AMF allocates Registration Area for UE connected to the MBSR which only includes UE’s TAI (i.e the Registration Area includes a single TA). When UE disconnects from the MBSR and camps on a different cell, the UE initiates Mobility Registration Update upon changing to a new TA. The UEs in the vehicle connected to the MBSR will not initiate Mobility Registration Update, even when MBSR are served by cells of a new TA outside the UE's Registration Area during the mobility of MBSR. However, the UE still perform non-mobility related registration, e.g. periodic registration update, as defined in TS 23.501 [2].
-  When the MBSR moves from the source IAB-donor gNB to the target IAB-donor gNB, the dedicated TAI of MBSR is supported at the target IAB-donor gNB. There are two cases as the following:
· Case#1: The target IAB-donor gNB has the N2 connection with the UE-AMF. In this option, the UE-AMF (i.e. AMF#1 in the Figure 6.y.2.1-2) can track the UE/MBSR location based on the Supported TA List of donor gNB via gNB Configuration Update procedure. The UE mobility management can be fulfilled within the same UE-AMF, such as the UE-AMF can decide whether to update UE configuration information such as Access and Mobility Management related parameters due to UE mobility. When the conditions to trigger paging are met, the UE-AMF sends the paging request message to the target IAB-donor gNB. 
[image: ]
Figure 6.y.2.1-2: Intra UE-AMF mobility
· Case#2: The target donor gNB has no N2 connection with the UE-AMF. In this option, the UE-AMF cannot track the dedicated TAI via gNB Configuration Update procedure due to the lack of N2 connection. In order to manage UE mobility and UE reachability, the 5GC needs some enhancements to trigger UE-AMF relocation (i.e. the UE-AMF changes from AMF#1 to the AMF#3 in the Figure 6.y.2.1-3). The details of UE-AMF relocation are described in the clause 6.y.3.1.2.
[image: ]
Figure 6.y.2.1-3: Inter UE-AMF mobility
6.y.2.2	Using same TAC within a certain service area
Figure 6.y.2.2-1 shows an example operation of the option based on time sequence of 1 to 4. The UE1, MBSR, and AMF-UE 1 and AMF-UE 2 are the same entities at different time instances (1 to 4) in the figure. 
 


Figure 6.y.2.2-1: Avoid mobility registration updates for UEs moving with the MBSR

This option follows the below general principles:
-   The MBSR is configured to use a specific TAC reserved for MBSR use in the serving PLMN. The TAC is different from that used by the fixed cells and does not change even when the MBSR migrates to different a NG-RAN. 
-	When the MBSR registers to the serving PLMN, it may be provisioned with the TAC to use. The MBSR can inform the donor gNB-CU of the TAC via F1-AP signaling. Within the context for the MBSR, the donor gNB-CU allocates an MBSR-ID for the MBSR and stores the TAC. 
Editor’s note: the necessity of MBSR-ID allocation by the donor gNB-CU and the details of the MBSR-ID are FFS.
-	Related to KI#2, when a UE performs registration via the MBSR, the donor gNB-CU includes the TAC in the Supported TA List of NG SETUP REQUEST message, or the NG CONFIGURATION UPDATE message, as defined in TS 38.314 [aa] depending on whether a N2 reference point with the selected AMF-UE has already been established. The donor gNB-CU adds the AMF-UE ID (e.g. AMF Set ID and AMF Pointer) to the context of the MBSR. When other UEs perform registration and select the same AMF, this procedure can be skipped.
-	In the INITIAL UE MESSAGE, the donor gNB-CU provides the MBSR indication (this may be different from the IAB node Indication) and the MBSR-ID to the AMF-UE. The AMF-UE stores the information and ensures that the TAC for MBSR is included in the TAI list sent to the UE. When selecting the AMF-UE, the gNB-CU takes the MBSR indication into account, so that the AMF-UE can serve a larger area. 
-	Related to KI#3, when the MBSR changes donor gNB-CU, it keeps announcing the same TAC. Therefore, the UEs will not perform mobility registrations. 
-	During the MBSR mobility, the MBSR context will be forwarded to the new donor gNB-CU, if full migration is performed. The old donor gNB-CU may perform NG CONFIGURATION UPDATE to remove the TAC from the AMFs, if no other MBSRs context using the same TAC exist on this donor gNB-CU. 
-	When the new donor gNB-CU receives the MBSR context in the HO preparation phase, it checks if the TAC for MBSR has already been reported to the AMF-UEs in the MBSR context. The donor gNB-CU may perform NG SETUP REQUEST or the NG CONFIGURATION UPDATE to inform the AMF-UEs of the TAC for MBSR, if needed.
-	If the new donor gNB-CU determines that it cannot establish the N2 reference point with the AMF-UEs, it indicates that to the MBSR. The MBSR will then change the TAC to broadcast during the full migration phase. This triggers the UEs camped on the MBSR to perform mobility registration and a new AMF-UE to be selected. A new 5G-GUTI will be allocated to the UEs as the result of this procedure. 
Editor’s note: the details of TAC change during the full migration phase are FFS and should be coordinated with RAN WGs. 
-	When a MT service for a UE is required, the AMF-UE is triggered to send a paging message for the UE. The Paging message will be sent to the latest donor gNB-CU that has registered the TAC of the MBSR with the AMF-UE. Optionally, the Paging message can carry also the MBSR-ID, so that the donor gNB-CU receives this Paging messages only triggers over-the-air paging in the corresponding MBSR cell. 
NOTE 1: If no MBSR-ID is provided, the gNB-CU will trigger paging in all cells using this MBSR TAC.   
NOTE 2: If there are multiple MBSRs using the MBSR TAC in the same PLMN, the AMF may trigger paging towards all the MBSRs registered to it with the MBSR TAC, to support UE mobility between the MBSRs using the same TAC without registration. 
Editor’s note: When UE leaves the MBSR and camps on a normal cell whose TAI is also included in the TAI list, the idle UE will not initiate Mobility Registration Update. 
-	Related to KI#2, when a UE leaves the MBSR and connects/camps on a fixed cell, it is triggered to perform mobility registration, due to the different TAC used by the fixed cell. Existing procedures as defined in TS 23.502 [5] can be used.

[bookmark: _Toc100980650][bookmark: _Toc104058433]6.y.3	Procedures
6.y.3.1 	Procedures if the TAC broadcasted by the MBSR is unchanged during mobility
6.y.3.1.1 Procedure of intra UE-AMF mobility
5B. gNB Configuration Update (Addition of dedicated TAI)
MBSR
Donor gNB#1
Donor gNB#2
AMF#1(UE-AMF)
()
(UE-AMF)
AMF#2(IAB-AMF)
(IAB-AMF)
UE
4. The MBSR moves from Donor gNB#1 to Donor gNB#2 
1. The MBSR registers to the AMF#2 and performs F1 Setup with Donor gNB#1 
3.  The UE registers to the AMF#1 via MBSR 
2. gNB Configuration Update (Addition of dedicated TAI)
6B. gNB Configuration Update (Deletion of dedicated TAI)
8. Triggers of Paging
7. Decides that UE is located in the Donor gNB#2 
9. Paging
10. UE Triggered Service Request
5A. F1 Setup with donor gNB#2 
6A. F1 Removal with Donor gNB#1 
9. Paging

Figure 6.y.3-1: Intra UE-AMF mobility
It is assumed that the AMFs (i.e. AMF#1 and AMF#2) connecting with donor gNB#1 are the same as the AMFs connecting with donor gNB#2.
1. The MBSR (i.e. IAB-UE) registers to the AMF#2 and receives the cell configuration from the OAM including the dedicated TAI. During the F1 Setup procedure, the gNB-DU includes mobile IAB indication in the F1 SETUP REQUEST message to the IAB-donor gNB#1 and also provides the dedicated TAI as the cell configuration information.
2. The IAB-donor gNB#1 initiates gNB Configuration Update procedure towards 5GC (i.e. AMF#1 and AMF#2) to add the dedicated TAI of the MBSR into the Supported TA List of donor. In addition, IAB-donor gNB#1 indicates the 5GC that the dedicated TAI is MBSR specific. The involved AMF (i.e., AMF#1 and AMF#2) updates its profile (e.g., supported TAI) in the NRF as defined in TS 23.502 [5].
3. The MBSR starts to serve UEs by broadcasting the dedicated TAI. The UE camps on the cell of MBSR and registers to the UE-AMF, i.e. AMF#1. The AMF#1 knows that the UE is accessing via MBSR based on the UE’s TAI in the N2 message and allocates the Registration Area for the UE, which only includes the dedicated TAI of MBSR. 
4. The MBSR (i.e. IAB-UE) moves from the IAB-donor gNB#1 to the IAB-donor gNB#2. The UEs in CM-IDLE state served by the MBSR will not initiate Mobility Registration Update.
5. This step is the same as the step 2. The MBSR performs F1 Setup with the IAB-donor gNB#2 by providing mobile IAB indication and the dedicated TAI to the donor gNB#2. The donor gNB#2 initiates gNB Configuration Update procedure towards 5GC to add the dedicated TAC into the Supported TA List. In addition, IAB-donor gNB#2 indicates the 5GC that the dedicated TAI is MBSR specific. Similar as Step 2, AMF further interacts with NRF to update its profile. 
6. The MBSR performs F1 Removal with IAB-donor gNB#1. The IAB-donor gNB#1 initiates gNB Configuration Update procedure towards 5GC to delete the dedicated TAI from the Supported TA List. In addition, the IAB-donor gNB#1 includes the IAB-donor gNB#2 ID to indicate 5GC that the IAB-donor gNB#2 supports the dedicated TAI. Similar as Step 2, AMF further interacts with NRF to update its profile.
NOTE: 	It is assumed that the IAB-donor gNB#1 knows the IAB-donor gNB#2 information during the mobility of MBSR, such as based on the handover procedure of IAB-UE. 
7. The AMF#1 determines the UE is located in the IAB-donor gNB#2 based on the UE’s last TAI included in the UE context stored in the AMF#1 and decides to continue serving UE.
8. The AMF#1 determines the conditions to trigger paging are met.
9. The AMF#1 sends the paging request message to the IAB-donor gNB#2 to trigger paging. 
10. The UE initiates the UE Triggered Service Request procedure.
6.y.3.1.2 	Procedure of inter UE-AMF mobility
MBSR
Donor gNB#1
Donor gNB#2
AMF#1
AMF#2
UE
4. The MBSR moves from Donor gNB#1 to Donor gNB#2 
1. The MBSR registers to the AMF#2 and performs F1 Setup with Donor gNB#1 
3. The UE registers to the AMF#1 via MBSR
8. UE context transfer
AMF#4
AMF#3
7. AMF selection
2. gNB Configuration Update (Addition of dedicated TAI)
5B. gNB Configuration Update (Addition of dedicated TAI)
6B. gNB Configuration Update (Deletion of dedicated TAI)
UDM
10. Registers in the UDM
SMF
9. Notify
11. UE Configuration Update
5A. F1 Setup with Donor gNB#2 
6A. F1 Removal with Donor gNB#1 

Figure 6.y.3-2: Inter AMF mobility
It is assumed that the AMFs (i.e. AMF#3 and AMF#4) connecting with donor gNB#2 are different from the AMFs connecting with donor gNB#1(i.e. AMF#1 and AMF#2). 
1-4. The step 1 to step 4 are same as the step 1 to step 4 in the Figure 6.y.3-1. 
5. The MBSR performs F1 Setup with the IAB-donor gNB#2 by providing mobile IAB indication and the dedicated TAI to the donor gNB#2. The donor gNB#2 initiates gNB Configuration Update procedure towards 5GC (i.e. AMF#3 and AMF#4) to add the dedicated TAI into the Supported TA List. In addition, IAB-donor gNB#2 indicates the 5GC that the dedicated TAI is MBSR specific. The involved AMF (i.e., AMF#3 and AMF#4) updates its profile (e.g., supported TAI) in the NRF as defined in TS 23.502 [5].
6. This step is the same as the step 6 in the in the Figure 6.y.3-1. 
7. The AMF#1 determines the UE is located in the IAB-donor gNB#2 based on the UE’s last TAI included in the UE context stored in the AMF#1. However, there is no N2 connection between with AMF#1 and donor gNB#2 so that UE-AMF relocation is needed. 
8. The AMF#1 selects target AMF (e.g. AMF#3) via querying NRF using the dedicated TAI supported by IAB-donor gNB#2. The AMF relocation is performed to transfer UE context. 
9. The target AMF notifies the other NFs such as SMF, of the target AMF information. 
10. The target AMF allocates new 5G-GUTI for UE and registers the Serving AMF ID in the UDM.
11. The target AMF initiates UE Configuration Update procedure to send the new 5G-GUTI and other Access and Mobility Management related parameters, if needed. 
6.y.3.2 	Procedures using same TAC within a certain service area
The UE registration update uses the legacy procedure of clause 4.2 of TS 23.502 [5]. 
The IAB-donor updates the AMF with the list of supported TAs can use the existing NG Setup procedure of clause 8.7.1 or NGAP RAN Configuration Update procedure of clause 8.7.2 of TS 38.413 [aa].
The MBSR reports its broadcast TAC(s) to the serving IAB-donor using the existing F1 Setup procedure of clause 8.2.3 of TS 38.473 [18]. 
The MBSR migration to a different IAB-donor via full migration procedure is to be defined by RAN WGs. The forwarding of MBSR context containing the AMF-UE ID lists between IAB-donors is to be defined by RAN WGs as part of the full migration and MBSR HO procedure.

[bookmark: _Toc100980651][bookmark: _Toc104058434]6.y.4	Impacts on services, entities, and interfaces
For option#1: 
MBSR:
-	Supports to include the mobile IAB indication to the IAB-donor gNB during F1 setup procedure.
-	Supports to broadcast a dedicated TAI, which is not changed during the mobility of MBSR.
IAB-donor gNB:
-	Supports the determination of mobile IAB node during F1 setup procedure.
-	Supports to indicate the MBSR specific TAI to the 5GC during gNB Configuration Update procedure. 
AMF:
-	Supports to know the MBSR specific TAI during gNB Configuration Update procedure.
-	Supports to allocate a special Registration Area for UE, which only includes the dedicated TAI of MBSR.
-	Supports to trigger AMF relocation without Mobility Registration Update initiated by the UE. 
For option#2: 
AMF:
-	The AMF determines to which NG-RAN(s) it sends a paging request for a UE on a TAC based on the dynamic indications of TAC support/release by the different NG-RANs as defined in TS 38.413 [aa].
Donor gNB-CU:
-	The donor gNB-CU maintains a MBSR context with the TAC and a list containing all AMF-UEs with whom UEs conducted NAS signalling via the MBSR within a time frame of the periodic registration update time.
-	Forwarding of the MBSR context to the donor gNB-CU during the full migration process of the MBSR. 
-	Inform the MBSR of the result of establishing NG interface with the AMF-UEs in the MBSR context. 

MBSR:
-	Support the configuration of the TAC to be used for broadcast.
UE:
· None
* * * * End of changes * * * *
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