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Introduction
In the WID of mobile IAB, following objective is identified to be studied:
	Define Procedures for migration/topology adaptation to enable IAB-node mobility, including inter-donor migration of the entire mobile IAB-node (full migration) [RAN3, RAN2]


Moreover, PCI handling of the mobile IAB-node is also within the scope:
	Mitigation of interference due to IAB-node mobility, including the avoidance of potential reference and control signal collisions (e.g. PCI, RACH). [RAN3, RAN2].


In this contribution, we first discuss the potential RAN2 impact for inter-donor full migration, then discuss the assumption of how to handle PCI of mobile IAB-node to avoid negative impact to group mobility of served UEs. 
Discussion
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Figure 1. Mobility Scenario of mobile IAB-node

When the mobile IAB-node moves around, there are two possibilities for the mobile IAB-node to perform migration.
1) intra-donor CU migration
The source IAB-donor CU may select another IAB-node connected to the same CU as the new parent for the mobile IAB-node, i.e. the IAB-donor CU is not changed. In this case, intra-donor CU migration defined in Rel-17 is performed. IAB-donor CU only triggers handover procedure for the mobile IAB-MT without impacting served UEs by mIAB-node, as the F1 termination of mobile IAB-DU is not changed. 
Observation 1: Intra-donor CU migration for the mIAB node can re-use Rel-17 IAB intra-donor CU migration procedure with no additional impact on mIAB or UEs.

2) inter-donor CU full migration
However, since the trajectory of the mobile IAB-node is not predictable and cover a large area, it is possible that the mobile IAB-node moves out of the source IAB-donor CU’s coverage. Hence, the source IAB-donor CU needs handover the mobile IAB-MT to a new target cell under another IAB-donor CU. 
In Rel-17, for stationary IAB-node, inter-donor CU partial migration is supported to handover the IAB-MT from one IAB-donor CU to another IAB-donor CU without changing F1 termination of IAB-DU. An IP connection is established between target IAB-donor DU and source IAB-donor CU via the target IAB-donor DU to allow packet re-routing. Since IAB-nodes in Rel-17 are considered as stationary IAB-nodes, the location of each IAB-node and IAB-donor is not changed. It is reasonable to assume that the IP connection between target IAB-donor DU and source IAB-donor CU can be established, as the location of two IAB-donors are near to each other and known in advance.
Different from Rel-17 stationary IAB-node, the mobile IAB-node on the vehicle can move far away from the source IAB-donor CU to a target IAB-donor DU that is connected to a different (target) IAB-donor CU.  It then becomes necessary to perform a full migration to move the mIAB and hence the serving UEs to the target IAB-donor-CU.  
As defined in RAN3 #112e meeting, in full migration, the boundary IAB-node and the descendant IAB-nodes(s) (if any) are migrated (both RRC and F1 connection) to the 2nd IAB-donor CU from 1st IAB-donor CU.
	Agree on the following terminologies and definitions:
- Boundary IAB node: IAB-node, whose IAB-DU is terminated to a different IAB-donor-CU than a parent DU
- Partial Migration: the boundary IAB-MT is migrated to the 2nd IAB-donor-CU, while the boundary IAB-DU and descendant IAB node(s) (if any) are terminated to the 1st IAB-donor-CU.
- Full Migration: the boundary IAB node and the descendant IAB node(s) (if any) are migrated (both RRC and F1 connection) to the 2nd IAB-donor-CU from 1st IAB-donor-CU. 



As discussed in RAN3 in Rel-17, it could be possible to use partial migration based full migration.  However, it is possible that the IP connection between new target IAB-donor DU and the source IAB-donor CU cannot be established, for example, the mobile IAB-node moves out of the coverage of source IAB-donor CU’s IP network. In this case, a full migration to the target without IP connection establishment (i.e., without partial migration) also needs to be supported. For this scenario, both mIAB-MT Uu termination and mIAB-DU F1 termination change from the source to target IAB-donor CU.  It is up to RAN3 to discuss and decide whether such IP connection can be guaranteed or not.
Observation 2: RAN3 should discuss whether IP connectivity between the target IAB-donor DU and the source IAB-donor CU can always be guaranteed when a mobile IAB-node moves across IP network boundaries.
Additionally, full inter-donor CU migration also requires that all the served UEs connected to the mIAB node have to be moved from the source donor CU to the target donor CU.  This change of CU will also result in a change of security key, KgNB, for these UEs. A HO procedure has to be executed for all the UEs to update the security key.  This aspect is discussed in [1] and further below.
In summary, full migration involves the following procedures (the order in which procedures are executed depends on the chosen solution):
1) HO preparation of the mIAB-MT and providing the HO command to the IAB-MT 
2) HO preparation of the served UEs and providing HO command to them
3) F1 setup between the target IAB-donor-CU and mIAB-DU
4) Any changes to the mIAB cell as a consequence of the new F1 setup to target IAB-donor-CU (e.g. PCI change)
5) HO execution of the mIAB node
6) HO execution of the served UEs
7) Release of the F1 between the mIAB-DU and source IAB-donor-CU
While the network aspects (steps 1, 2, 3, 7) have to be discussed in detail in RAN3, RAN2 should discuss the radio interface aspect (steps 4, 5 and 6) and overall stage 2 aspects.  PCI change for step 4 is discussed in section 2.3.  Step 6 and its interaction with other steps is discussed below.
Based on above discussion on possibility of IP connectivity between the target IAB-donor-DU and source IAB-donor-CU, there are two options for supporting full migration of mobile IAB-node:
Option 1: partial migration based full migration (if IP connection establishment is available)
In this option, the mobile IAB-node first performs partial migration towards the target IAB-donor CU, establishes the new logical DU2 connected to target IAB-donor CU2 and then performs the HO of the served UEs to DU2 and towards the target IAB-donor CU.   This is shown in the Figure 2 below.


Figure 2. Full migration based on partial migration of mobile IAB-node
Option 2: standalone full migration (if IP connection establishment is not available)
In this option, the mobile IAB-node migrates both Uu interface and F1 termination towards the target IAB-donor CU, without establishing IP connection with source IAB-donor CU.  The served UEs are also moved to target IAB-donor CU2 as part of the same procedure.  That is, the full migration is just one big procedure that requires all of the sub-procedures to be executed within that big procedure in one step.


Figure 3. Standalone Full migration of mobile IAB-node

Observation 3: Based on the availability of IP connection establishment between target donor DU and source donor CU, there are two options that can be considered for mobile IAB-node’s full migration:
1) Option 1: partial migration based full migration (if IP connection between IAB-donor-DU2 and IAB donor CU1 is available)
2) Option 2: standalone full migration (if IP connection between IAB-donor-DU2 and IAB donor CU1 is not available) 
In the following contribution, we further analyze RAN2 impact based on above two full migration options. 
Full Migration Impact on mIAB-node and served UEs
Full migration impact on mIAB-node and serve UEs are discussed for each options. 
Option 1 – Partial migration based Full Migration 
The mobile IAB-node first performs partial migration before its mobile IAB-DU’s F1 setup towards the target IAB-donor CU as shown in figure 2. During the partial migration period the source IAB-CU continues to be the CU for the UEs and the partial migration procedure is transparent to the served UEs.  
RAN3 discussed a few options on how to handle partial migration based full migration. One of the solutions that was discussed was to use two logical DUs that connect to the source IAB-donor CU and target IAB-donor CU during the migration.  
During Rel-17 discussion, it is still open whether two logical DUs use separate or same physical cell resources. RAN3 sent a LS to RAN1/2/4 asking about whether following two alternatives can be supported. Based on RAN1 reply LS [3], separate physical cell resources of two logical DUs refers to either different carriers or orthogonal time and frequency resources of the same carrier. From RAN2 point of view, as long as the UE can treat two logical DUs as different cells, it can be supported [4].
	R1-2108529
For Alt1, RAN1 understands that the separate physical cell resources used by the two logical DUs may refer to different carriers, or orthogonal time and frequency resources of the same carrier. RAN1 has not identified any technical issues for Alt1. 
R2-2109143
With respect to the above description of Alt1 and the use of “separate” physical resources, RAN2 has reached the following understanding at RAN2#115-e:
R2 assumes that the UE need to be able to treat the separate resources as different cells on L1.


Based on these responses, unless an issue is identified (by any group), RAN2 can assume that for partial migration based full migration, that two logical DUs have two different cells using different physical resources.  



Figure 4. Simplified high level example message flow for Partial migration based Full migration procedure
Assuming two logical DUs with separate physical cell resources are used during full migration Option 1, as shown in Figure 4, the served UEs can follow legacy handover procedure, where two logical DUs are treated as two separate cells for the UE. Since mobile IAB can maintain simultaneous connection with two different IAB-donor CUs via two logical mIAB-DUs, the source IAB-donor CU can gradually trigger served UEs’ handover procedure to spread the UE HO procedure over time to avoid congestion from simultaneous HOs. This could be done in groups of UEs to minimise network interface signalling.   
Assuming the two logical DUs will use two different cells, from RAN2 perspective, legacy HO procedures with key change can be used towards the served UEs to move the UEs from the source cell/source IAB-donor-CU the target cell/target IAB-donor CU in the same mIAB node.
In summary, partial migration based full migration allows the procedures listed above to be executed in the following sequence:
1) HO preparation of the mIAB node
2) HO execution of the mIAB node and establishment of IP connectivity between the mIAB-DU and source IAB-donor-CU
3) F1 setup between the target IAB-donor-CU and the second logical mIAB-DU
4) Any changes to the mIAB cell as a consequence of the new F1 setup to target IAB-donor-CU (e.g. PCI change)
5) HO preparation of the served UEs (possibly in groups) from the first logical mIAB-DU/cell to the second logical mIAB-DU/cell 
6) HO execution of the served UEs (possibly in groups) from the first logical mIAB-DU/cell to the second logical mIAB-DU/cell
7) Release of the first logical mIAB-DU and F1 connection to the source IAB-donor-CU 
Regarding step 6, legacy HO procedures can be used and congestion can be addressed by performing the procedure to smaller group of UEs at a time:
Proposal 1: For partial migration based full migration, legacy handover procedure can be used to switch served UEs from one logical mobile IAB-DU/cell (the source IAB-donor-CU) to another logical mobile IAB-DU/cell (the target IAB-donor-CU) in the same mIAB node.  The source IAB-donor CU can gradually trigger served UEs’ handover to avoid congestion.  
Option 2 – Standalone Full Migration 
As discussed earlier, standalone full migration does not go through the intermediate step of partial migration if there no IP connectivity between the target IAB-donor DU and source IAB donor-CU. An example message flow is given in the figure below.
There is only one logical DU in the mIAB node and one cell which switches from the source donor CU to the target donor CU.  This makes it a big challenging as the HO preparation requires communication with both the source DU/CU and target DU/CU but only one of them exist any time.  As with the previous option, the network steps have to be discussed in RAN3.
An example message flow for standalone full migration is shown in figure 5 and RAN2 aspects discussed in more detail below. 


Figure 5. Example high level example message flow for standalone full migration

RRCReconfiguration (HO command) and HO execution of served UEs
From RAN2 point of view, for the served UEs and mIAB node, after the HO preparation procedures on the network side, the HO commands have to be provided to the UEs before any mIAB cell changes related to the target side.  However, the served UEs can only start handover after the mobile IAB-DU’s successful F1 setup and mIAB changes to the target IAB-donor-CU configuration. Therefore, how to send RRCReconfiguration with sync messages and how served legacy UE executes HO successfully during mobile IAB-node’s full migration requires discussion.
There are different options possible for handling served UEs’ RRCReconfiguration messages at mobile IAB-node depending on whether there is a change in the mIAB cell configuration (resources/PCI/etc.) during the migration.  
If there is no change in cell configuration, it is possible to send the RRCReconfiguration message to the served UE after successful full migration of mobile IAB-node.  The RRC containers of each served UE can be temporarily stored at the mobile IAB-DU when the collocated mobile IAB-MT receives handover command of itself. The RRCReconfiguration messages can then be successfully transmitted to the served UEs only after mobile IAB-node changes its F1 termination. 
If there is a change in mIAB cell resource configuration (PCI etc.), one possibility could be to send the RRCReconfiguration message to the served UEs after mobile IAB-MT’s handover, but before change in cell configuration (e.g. PCI) to the target IAB-donor-CU.  To cater for the time taken for the cell configuration change, a longer HO failure timer can be configured to the served UEs.  Whether this option will be successful in all cases with legacy UEs depend on how quickly the mIAB cell configuration change can be done and for UE to access the “new” cell.  This require further study.  
New enhancements can be considered for Rel-18 UEs, for example, to send the RRCReconfiguration message to the served UE right after receiving the corresponding RRC container from source IAB-donor CU, i.e. before mobile IAB-node’s full migration execution. The served UEs can temporarily store the RRCReconfiguration message and execute HO after mobile IAB-node’s successful full migration.  This is shown in the figure 6 below.


Figure 6. Example high level message flow for standalone full migration towards enhanced Rel-18 UE

Data resumption for the served UEs after mobile IAB-node’s full migration
Another topic to consider the transfer of data to the served UEs and interruption during the mIAB full migration.  Normally, the target cell starts to provide downlink data towards the handed-over UE after path switch in UPF. However, for group mobility of served UEs, downlink data forwarding to the served UEs may be delayed or interrupted due to mobile IAB’s full migration. Some enhancements can be considered to minimise data interruption such as the target IAB-donor CU pre-send DL data for served UEs to the mIAB before the RRCReconfigurationComplete messages from the served UEs are received by the target IAB-donor CU. It can be temporarily stored at the mobile IAB-node, and forwarded to the served UEs after their successful RACH when the new security keys are applied. 
Proposal 2: For standalone full migration (if supported), transfer of HO command and data resumption to served UE should be studied.
Other considerations for Full Migration
CHO of mIAB-node
As agreed in Rel-17, CHO is also supported for the IAB-MT in context of intra- and inter-donor IAB-node migration and BH RLF recovery, where CHO for IAB-MT is the same as CHO for normal UE. To reduce service interruption during mobile IAB-node’s migration, CHO can also be supported for mobile IAB-MT. 
During full migration, the F1 termination of mobile IAB-DU changes from source IAB-donor CU1 (figure 3 above)  to target IAB-donor CU2. The mobile IAB-DU needs to establish a new F1 tunnel towards target IAB-donor CU2, where a new DU resource configuration can be provided by the target IAB-donor CU2. When CHO is configured for mobile IAB-MT, the IAB-donor CU(s) of mobile IAB-MT’s CHO candidate cell(s) also becomes the candidate IAB-donor CU(s) for the collocated mobile IAB-DU. 
To allow faster switch between source and target path, the IAB-donor CU of the mobile IAB-MT’s candidate CHO cell (i.e. candidate IAB-donor CU) can also provide conditional DU resource configuration to the mobile IAB-DU. When CHO is triggered at mobile IAB-MT and a candidate CHO cell is selected, the collocated mobile IAB-DU can apply the corresponding conditional DU resource configuration directly.  An example sequence is shown in figure 7 below.


Figure 7. Example of CHO for mobile IAB-node
CHO for the served UEs can also be considered but the normal CHO triggers are unlikely to be applicable as served UEs are still connecting to the same mobile IAB-node after its full migration (apart from using a different key). 
Proposal 3: CHO is supported for the mobile IAB-MT during inter-donor CU full migration.
Enhancement for HO operation for Rel-18 served UEs
Since the served UEs are performing a HO only for purpose of key change and there is no actual cell change, there is scope for further optimisations towards Rel-18 UEs.  An optimised procedure bypassing some of the procedures during HO such as RACH, change of physical channel configuration or even resetting some of the L2 layers can be considered to improve end user performance.  This is also discussed in [1].
Proposal 4: Enhancements to support simpler “Handover” procedure for security change during mIAB inter-donor-CU full migration should be studied.
Mobile IAB-node’s Topology Integration
Different from IAB-donor CU in Rel-16 and Rel-17, the IAB-donor CU is required to support full migration functionalities and mobility enhancements (e.g. group mobility, etc) for mobile IAB-node and served UEs. Hence, during mobile IAB-node integration to an IAB topology, it is necessary for mobile IAB-node to know which IAB-DU or IAB-donor DU can be selected as its parent IAB-node. 
The IAB-DU or IAB-donor DU which can support direct integration of a mobile IAB-node (i.e. become the parent IAB-node of a mobile IAB-node) needs to provide the “mobile IAB-node support” indication (e.g. miab-Support) in its broadcast information, e.g. SIB1, so that the mobile IAB-node can select the suitable IAB-node and IAB-donor CU.
Proposal 5: The IAB-DU which can be the parent IAB-node of a mobile IAB-node broadcasts a “mobile IAB-node support” indication in its SIB1, indicating it supports mobile IAB-node integration.

PCI handling of mobile IAB-node for Full migration
As discussed above in Section 2.1.3.1, the served UEs can perform legacy handover between two logical DUs. Based on the LS responses from RAN1 and RAN4 [1,5] during the Rel-17 discussions, it appears separate PCIs should be used by these two logical DUs. That is, every time there is a full migration of the mIAB node, a new PCI is used for the mIAB cell after the migration.
RAN2 can either take a decision based on these previous RAN1/4 LSes or request feedback/confirmation from RAN1/4 again.  It is quite likely that at PCI change will need to be supported in the specification due to potential PCI collision between fixed nodes or other mIAB nodes. RAN3 can further study details on allocating and managing PCIs.  
Also, as discussed earlier, whether PCI changes during standalone full migration also has an impact to how to send RRCReconfiguration messages to the served UEs. 
To minimise additional LS and delay, it is proposed that RAN2 study impact of change of PCI during full migration on RAN2 protocol instead of waiting until RAN1/RAN4 confirms again:
Proposal 6: RAN2 can study impact of change of PCI during full migration on RAN2 protocols.
Conclusion
In this contribution, we mainly discussed RAN2 impacts of two mobile IAB-node full migration options, i.e. partial migration based full migration and standalone full migration, including RRC Reconfiguration (HO) procedure handling, F1 setup, PCI handling, etc. Additionally, we also discussed topology integration of mobile IAB-node.
We propose following observations and proposals:
Observation 1: Intra-donor CU migration for the mIAB node can re-use Rel-17 IAB intra-donor CU migration procedure with no additional impact on mIAB or UEs.
Observation 2: RAN3 should discuss whether IP connectivity between the target IAB-donor DU and the source IAB-donor CU can always be guaranteed when a mobile IAB-node moves across IP network boundaries.
Observation 3: Based on the availability of IP connection establishment between target donor DU and source donor CU, there are two options that can be considered for mobile IAB-node’s full migration:
1) Option 1: partial migration based full migration (if IP connection between IAB-donor-DU2 and IAB donor CU1 is available)
2) Option 2: standalone full migration (if IP connection between IAB-donor-DU2 and IAB donor CU1 is not available) 
Proposal 1: For partial migration based full migration, legacy handover procedure can be used to switch served UEs from one logical mobile IAB-DU/cell (the source IAB-donor-CU) to another logical mobile IAB-DU/cell (the target IAB-donor-CU) in the same mIAB node.  The source IAB-donor CU can gradually trigger served UEs’ handover to avoid congestion.  
Proposal 2: For standalone full migration (if supported), transfer of HO command and data resumption to served UE should be studied.
Proposal 3: CHO is supported for the mobile IAB-MT during inter-donor CU full migration.
Proposal 4: Enhancements to support simpler “Handover” procedure for security change during mIAB inter-donor-CU full migration should be studied.
Proposal 5: The IAB-DU which can be the parent IAB-node of a mobile IAB-node broadcasts a “mobile IAB-node support” indication in its SIB1, indicating it supports mobile IAB-node integration.
Proposal 6: RAN2 can study impact of change of PCI during full migration on RAN2 protocols.
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