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1 Introduction
WID of mobile IAB (RP-213601) was agreed in RAN#94e [1]. The related WID objectives on mobility enhancement are summarized below.

· Enhancements for mobility of an IAB-node together with its served UEs, including aspects related to group mobility. No optimizations for the targeting of surrounding UEs. [RAN3, RAN2]

Note: Solutions should avoid touching upon topics where Rel-17 discussions already occurred and where the topic was excluded from Rel-17, except for enhancements that are specific to IAB-node mobility.

· Mitigation of interference due to IAB-node mobility, including the avoidance of potential reference and control signal collisions (e.g. PCI, RACH). [RAN3, RAN2]
The following principles should be respected:

· Mobile IAB-nodes should be able to serve legacy UEs.

· Solutions providing optimization for Mobile IAB may entail Rel-18 UE enhancements, provided that such enhancements are backwards compatible
In this contribution, we share our initial views on mobility enhancement for Rel-18 mobile IAB, which includes:

· Scenario discussion 
· Enhancements to cell (re-)selection 
· Enhancements to UE access 
· Enhancements to UE handover 
· Enhancements to UE group handover
· Enhancements for location updates
· Others 
2 Discussion  
2.1 Scenario discussion 
According to previous discussion in RAN2/RAN3 and plenary, our understanding on the mobile IAB scenario includes the 3 scenarios illustrated in Figure. 1:
1) Scenario 1: UE mobility between two mobile IAB nodes
In this scenario, the UEs are moving together with multiple IAB nodes, and perform cell reselection or handover between two mobile IAB nodes. A typical example is that the UEs and IAB nodes are within the same train.   

2) Scenario 2: UE mobility between mobile IAB node and static network 
In this scenario, the UEs are moving together with multiple IAB nodes, and perform cell reselection or handover between one mobile IAB node and a static base station. A typical example is that the UE 2 performs cell reselection from IAB node 3 in the same bus to a static station in bus stop. Meanwhile, according to WID objective, we will not discuss mobility optimization for surrounding UEs (e.g. UE 3).    
3) Scenario 3: UE group mobility due to IAB node inter-donor full migration
In this scenario, a moving IAB node performs inter-donor full migration, and its connected UEs need to perform group mobility together with the moving IAB node.  
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Scenario 1) UE mobility between two mobile IAB nodes
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Scenario 2) UE mobility between mobile IAB nodes and static network
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Scenario 3) UE group mobility due to IAB node inter-donor full migration 

Figure.1 Illustration of 3 scenarios of UE mobility in Rel-18 mobile IAB

We suggest RAN2 to first confirm that all the 3 UE mobility scenarios will be studied in Rel-18 mobile IAB WI.

Proposal 1: RAN2 confirm all the following 3 UE mobility scenarios will be studied in Rel-18 mobile IAB WI:

1) Scenario 1: UE mobility between two mobile IAB nodes
2) Scenario 2: UE mobility between mobile IAB node and static network

3) Scenario 3: UE group mobility due to IAB node inter-donor full migration
2.2 Enhancements to cell (re-)selection
For cell (re-)selection enhancement, the related scenarios are Scenario 1 and scenario 2. Our understanding for the intention of enhancement is the following aspects:

1) The UE should consider the IAB nodes which are moving together as highest priority (e.g. UE1 shall consider IAB node 1 and node 2 as highest priority during cell reselection in Scenario 1) 

2) The UE should consider the IAB nodes which are not moving together as lowest priority (e.g. UE3 shall consider the IAB node3 as lowest priority in Scenario 2)    

3) The UE which is moving together IAB node should consider static cells as lowest priority (e.g. UE2 shall consider the static base station as lowest priority in Scenario 2)       
We think RAN2 should first confirm the intention for the cell reselection enhancement.
Proposal 2: RAN2 agree the following intended UE behaviors in cell reselection enhancement of mobile IAB:
1) The UE considers the IAB nodes which are moving together as highest priority  

2) The UE considers the IAB nodes which are not moving together as lowest priority    

3) The UE which is moving together IAB node should consider static cells as lowest priority        

Then, the followed question is how the UE can determine whether it is moving together with mobile IAB node or not. Please note that NR Rel-17 TEI has introduced the feature of HSDN (High-Speed-Railway Dedicated Network) targeting for a similar scenario. Specifically, NR HSDN specified a mobility state based cell reselection to optimize mobility performance of high-speed state UE within a High-Speed-Railway. In more details, NR HSDN introduced below spec changes:

· Introduce a HSDN bit (hsdn-Cell-r17) in SIB1 to indicate if a cell is a NR HSDN cell. And it is up to a HSDN-capable UE implementation to determine whether it is in High-mobility state.
· When the HSDN capable UE is in High-mobility state, the UE shall always consider the HSDN cells to be the highest priority. When the HSDN capable UE is not in High-mobility state, the UE shall always consider HSDN cells to be the lowest priority.
· For cell reselection purpose, a list of intra-frequency neighbouring NR HSDN cells (intraFreqNeighHSDN-CellList-r17), a list of inter-frequency neighbouring NR HSDN cells (interFreqNeighNRHSDN-CellList-r17), and a list of neighbouring EUTRA HSDN cells (eutra-FreqNeighHSDN-CellList-r17) are introduced in SIB3, SIB4 and SIB5, respectively. 

Observation 1: NR Rel-17 HSDN has introduced a mobility state based cell reselection to optimize mobility performance of high-speed state UE within a High-Speed-Railway, which is target for similar scenario as cell reselection enhancement for mobile IAB.
Due to limited RAN2 TU allocated to mobile IAB WI (only 5.5 TU), we think it is straight forward to reuse the similar solution of NR HSDN to determine whether the UE moves together with mobile IAB node, i.e. Mobile IAB node can broadcast mobility indication(s) similar to hsdn-Cell-r17 iin SIB and it is up to UE implementation to decide whether moving together. One possible difference mobile IAB from HSDN is that a mobile IAB node may be deployed within a train, or a bus or a drone with different speeds. So, IAB nodes should provide different speed indications in their SIB, and the UE should determine whether the indication can be applied. However, this is related to signaling details of the mobility indication. We think it can be FFS. 
Proposal 3: RAN2 reuse the similar solution of NR HSDN to determine whether the UE moves together with a mobile IAB node, i.e. Mobile IAB node can broadcast mobility indication(s) similar to hsdn-Cell-r17 in SIB and it is up to UE implementation to decide whether moving together. FFS signaling and format of the mobility indication(s).
2.3 Enhancements to UE access
For UE access enhancement, we think the intention is to allow mobile IAB node to bar the UEs which are not moving together. For example, the IAB node 3 can bar the UE 3 which is outside of the bus because these UEs will finally be  released by the mobile IAB node. We would like to confirm this is the correct understanding for the intention.
Proposal 4: Allow mobile IAB node to bar the UEs which are not moving together with it. 
With regards to the solution, we think it is straight forward to reuse the similar solution adopted by NR Rel-17 Redcap and NTN, i.e., introduce a new cellBarred indication in SIB1 for the UEs which are not moving together. 

Proposal 5: Introduce a new cellBarred indication in SIB1 to bar the UEs which are not moving together with the mobile IAB node.  

2.4 Enhancements to UE handover
In this section, we discuss the enhancement to UE handover in Scenario 1 and 2, i.e., the UE performs handover between two mobile IAB nodes as illustrated in Scenario 1 and the UE performs handover between one mobile IAB node and static network as illustrated in Scenario 2. We will discuss UE group mobility caused by inter-donor full migration in Section 2.5. Meanwhile because the UE requirements for traditional HO and CHO/DAPS-like HO are different, we would like to discuss them, respectively. 

2.4.1 Traditional HO
For traditional HO, the handover decision is made by source cell implementation based on UE's measurement reporting. For RAN2 aspects, we think we can discuss whether UE measurement needs to be enhanced. One specific issue in mobile IAB is that the UE is more likely to be handover to a mobile IAB node which is moving together with the UE, similar to the cell reselection enhancement. Thus, the reporting of measurements towards "not moving together" cells may be useless to the Network. And such useless measurement reporting can be avoided to reduce both UE's power consumption and gNB burden.        
Observation 2: For traditional HO, the UE is more likely to be handover to a mobile IAB node which is moving together with the UE. Thus, the reporting of measurements towards "not moving together" cells may be useless. And such useless reporting should be avoided to reduce both UE's power consumption and gNB burden.         
Then, we suggest RAN2 to discuss whether the UE can be allowed to not report measurements towards "not moving together" cells.
Proposal 6: To support traditional HO for a UE moving with a mobile IAB node, RAN2 discuss whether to enhance measurement reporting to allow the UE only to report measurements towards "moving together" cells
2.4.2 CHO-like / DAPS-like HO
Following the same intention to enhance cell reselection, we think it makes sense to discuss whether to enhance CHO in mobile IAB because the "moving together" candidate target IAB nodes should be prioritized for CHO execution. 

Proposal 7: To support CHO for a UE moving with a mobile IAB node, RAN2 discuss whether the "moving together" candidate target IAB nodes should be prioritized for CHO execution. 
For DAPS-like HO, we prefer RAN2 to deprioritize it because some RAN4 work may be required in mobile IAB scenario, and the allocated RAN2 TU is too limited. 
Proposal 8: RAN2 deprioritize DAPS-like HO enhancement for a UE moving with a mobile IAB node

2.5 Enhancements to UE group handover
In this section, we discuss the enhancement to UE group handover caused by inter-donor full migration illustrated in Scenario 3. The specific issues are the following 3 aspects:

1) The radio quality between the UEs and migration IAB node DU may not deteriorate during migration. 
2) The UEs may not need to perform RACH because synchronization with the migration IAB node DU can be maintained during migration.
3) The UEs need to instructed by NW to at least update the security context and key after group mobility because CU is changed
We think RAN2 is necessary to confirm to address all these 3 issues in Rel-18 mobile IAB.

Proposal 9: For UE group handover caused by inter-donor full migration, RAN2 confirm all the following 3 specific issues need to be addressed in Rel-18 mobile IAB WI:

1) The radio quality between the UEs and migration IAB node DU may not deteriorate during migration. 
2) The UEs may not need to perform RACH because synchronization with the migration IAB node DU can be maintained during migration.
3) The UEs need to instructed by NW to at least update the security context and key after group mobility because CU is changed.
Then, similar to the discussion on UE handover enhancement, we would like to discuss traditional HO and CHO/DAPS-like HO, respectively. 
2.5.1 Traditional HO
For issue 1), target donor CU can know when the full migration is completed and then trigger UE group mobility via sending handover command. However, one followed issue is when the handover command is sent to the UEs. Specifically, we have the following 2 alternatives:
· Alt-1: Handover command for UE group mobility is sent before migration of IAB-MT

· Alt-2: Handover command for UE group mobility is sent after migration of IAB-DU

Both alternatives need spec changes, and they are illustrated in Figure.2.
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Figure.2 Illustration of two alternatives for UE group mobility via traditional HO

The pros / cons and spec impacts are summarized in Table.1.
	
	Spec impacts
	Pros
	Cons

	Alt-1
	1. Need to specify how RRCReconfigurationComplete message is sent to target donor when the path is not established.

2. To reduce interruption, new data forwarding mechanism should be introduced before IAB node migration procedure completes    
	Shorter interruption time if new data forwarding mechanism is introduced before IAB node migration procedure completes    
	Not aligned procedure with CHO 

	Alt-2
	Need to specify how RRCReconfiguration message is sent from source donor to the UE when the path is already released (both RAN2 and RAN3 spec impacts required)
	Aligned procedure with CHO (only Alt-2 can work in CHO solution)
	Longer interruption time to wait completion of all its parents IABs nodes' migration


Table. 1 Comparison between the two alternatives for UE group mobility via traditional HO

As can be observed from Table.1, both alternatives have pros and cons. And they require both RAN2 and RAN3 impacts. RAN2 need to first address this issue with RAN3.
Proposal 10: For the UE group mobility via traditional HO, RAN2 need to first down-select between below 2 alternatives with RAN3 as both have RAN2 and RAN3 spec impacts with different pros / cons:

· Alt-1: Handover command for UE group mobility is sent before migration of IAB-MT

· Alt-2: Handover command for UE group mobility is sent after migration of IAB-DU

For issue 2), we think it is straight forward to allow NW to indicate UE to skip RACH during group mobility. The details of the signaling can be FFS. 

Proposal 11: For the UE group mobility via traditional HO, RAN2 agree that the group of the UEs can be indicated by NW to skip RACH. FFS the signaling details
For issue 3), handover command is used to indicate UE to update security context in traditional HO. However, because handover command is UE dedicated RRC message, multiple RRC messages are needed to send to the UEs, which may cause signaling collision. We think RAN2 can discuss whether and how to reduce the signaling overhead. 
Observation 3: For the UE group mobility via traditional HO, because handover command is UE dedicated RRC message, multiple RRC messages are needed to send to the UEs which may cause signaling collision.         
Proposal 12: For the UE group mobility via traditional HO, RAN2 discuss whether / how to reduce signaling overhead to send multiple UE dedicated handover command messages for security context update. 
2.5.2 CHO-like HO
As highlighted for issue 1) of UE group mobility, the radio quality between the UEs and migration IAB node DU may not deteriorate during migration. Then, legacy CHO can't work for group mobility in mobile IAB because its conditions are specified to radio condition based (i.e., A3/A5 events). Thus, we think it makes sense for RAN2 to study how to make CHO work for UE group mobility.
Observation 4: legacy CHO can't work for group mobility in mobile IAB because its conditions are specified to radio condition based (i.e., A3/A5 events).
For issue 1), we think RAN2 need to study how to enhance CHO condition to make CHO work in UE group mobility. For issue 2), we think Network can also indicate UE to skip RACH in CHO execution. For issue 3), we assume that the UE needs to perform security context update upon execution of CHO. However, its timing and signalling need further study.  
Proposal 13: RAN2 discuss how to enhance conditional HO for UE group mobility caused by inter-donor full migration, including:

1) How to enhance CHO condition to address the scenario if the radio quality between the UEs and migration IAB node DU may not deteriorate during migration.
2) The timing and signalling for the UEs to update security context.
2.5.3 DAPS-like HO

Similar to the discussion on UE mobility enhancement, we prefer RAN2 to deprioritize it because some RAN4 work may be required in mobile IAB scenario, and the allocated RAN2 TU is too limited. 

Proposal 14: RAN2 deprioritize DAPS-like HO enhancement for UE group handover.
2.6 Enhancement to location update
There were some interests on enhancement on UE location update (TAU / RNAU) when it is camping on or connected to mobile IAB-node cells. In our understanding, the intention is how to avoid sending multiple UE dedicated messages for group UE TAU / RNAU. One possible solution is that the mobile IAB node can send TAU/RNAU message on behalf of the connected UEs. However, we think this topic can be deprioritized because the following two reasons:

1) The spec changes on location update (TAU/RNAU) are mainly RAN3 / SA2 / CT1 expertise. For example, new NGAP message may be required if mobile IAB node can send one message to include a group of UEs' TAU / RNAU requests. 

2) The legacy UE dedicated TAU / RNAU signalling can work. Its requirement for UE group enhancement should be triggered by other WGs.

Observation 5: For enhancement of UE group location update, the spec impacts are mainly in RAN3/SA2/CT1, and the legacy UE dedicated TAU/RNAU signalling can work. 
Thus, we propose RAN2 to wait progress on other WGs for this topic.

Proposal 15: RAN2 wait for RAN3 progress on enhancement of location update (TA / RNA).
2.7 Others
Finally, we think one missed aspect is whether to support inter-donor UE group RRC re-establishment procedure. Please note that only intra-donor RRC re-establishment was specified in Rel-16 IAB up to now. Since inter-donor full migration is supported in Rel-18 mobile IAB, we think it is necessary to also support it when it is triggered by BH RLF or migration failure. The requirement should be similar to group UE handover, i.e., the group of UE which re-established in another donor CU should update its security context.   
Observation 6: only intra-donor RRC re-establishment was specified in Rel-16 IAB. And its UE behaviour is quite similar to group handover caused by inter-donor full migration.
Proposal 16: RAN2 discuss how to support inter-donor UE group RRC re-establishment triggered by BH RLF and migration failure.
3 Conclusion
In this contribution, we discuss UE mobility enhancement for Rel-18 mobile IAB. Our observations are:
Observation 1: NR Rel-17 HSDN has introduced a mobility state based cell reselection to optimize mobility performance of high-speed state UE within a High-Speed-Railway, which is target for similar scenario as cell reselection enhancement for mobile IAB.
Observation 2: For traditional HO, the UE is more likely to be handover to a mobile IAB node which is moving together with the UE. Thus, the reporting of measurements towards "not moving together" cells may be useless. And such useless reporting should be avoided to reduce both UE's power consumption and gNB burden.         
Observation 3: For the UE group mobility via traditional HO, because handover command is UE dedicated RRC message, multiple RRC messages are needed to send to the UEs which may cause signaling collision.         
Observation 4: legacy CHO can't work for group mobility in mobile IAB because its conditions are specified to radio condition based (i.e., A3/A5 events).
Observation 5: For enhancement of UE group location update, the spec impacts are mainly in RAN3/SA2/CT1, and the legacy UE dedicated TAU/RNAU signalling can work. 
Observation 6: only intra-donor RRC re-establishment was specified in Rel-16 IAB. And its UE behaviour is quite similar to group handover caused by inter-donor full migration.
Based on observations, our proposals are:
Proposal 1: RAN2 confirm all the following 3 UE mobility scenarios will be studied in Rel-18 mobile IAB WI:

1) Scenario 1: UE mobility between two mobile IAB nodes
2) Scenario 2: UE mobility between mobile IAB node and static network

3) Scenario 3: UE group mobility due to IAB node inter-donor full migration
Proposal 2: RAN2 agree the following intended UE behaviors in cell reselection enhancement of mobile IAB:
1) The UE considers the IAB nodes which are moving together as highest priority  

2) The UE considers the IAB nodes which are not moving together as lowest priority    

3) The UE which is moving together IAB node should consider static cells as lowest priority        

Proposal 3: RAN2 reuse the similar solution of NR HSDN to determine whether the UE moves together with a mobile IAB node, i.e. Mobile IAB node can broadcast mobility indication(s) similar to hsdn-Cell-r17 in SIB and it is up to UE implementation to decide whether moving together. FFS signaling and format of the mobility indication(s).
Proposal 4: Allow mobile IAB node to bar the UEs which are not moving together with it. 
Proposal 5: Introduce a new cellBarred indication in SIB1 to bar the UEs which are not moving together with the mobile IAB node.  

Proposal 6: To support traditional HO for a UE moving with a mobile IAB node, RAN2 discuss whether to enhance measurement reporting to allow the UE only to report measurements towards "moving together" cells
Proposal 7: To support CHO for a UE moving with a mobile IAB node, RAN2 discuss whether the "moving together" candidate target IAB nodes should be prioritized for CHO execution. 
Proposal 8: RAN2 deprioritize DAPS-like HO enhancement for a UE moving with a mobile IAB node

Proposal 9: For UE group handover caused by inter-donor full migration, RAN2 confirm all the following 3 specific issues need to be addressed in Rel-18 mobile IAB WI:

1) The radio quality between the UEs and migration IAB node DU may not deteriorate during migration. 
2) The UEs may not need to perform RACH because synchronization with the migration IAB node DU can be maintained during migration.
3) The UEs need to instructed by NW to at least update the security context and key after group mobility because CU is changed.
Proposal 10: For the UE group mobility via traditional HO, RAN2 need to first down-select between below 2 alternatives with RAN3 as both have RAN2 and RAN3 spec impacts with different pros / cons:

· Alt-1: Handover command for UE group mobility is sent before migration of IAB-MT

· Alt-2: Handover command for UE group mobility is sent after migration of IAB-DU

Proposal 11: For the UE group mobility via traditional HO, RAN2 agree that the group of the UEs can be indicated by NW to skip RACH. FFS the signaling details
Proposal 12: For the UE group mobility via traditional HO, RAN2 discuss whether / how to reduce signaling overhead to send multiple UE dedicated handover command messages for security context update. 
Proposal 13: RAN2 discuss how to enhance conditional HO for UE group mobility caused by inter-donor full migration, including:

1) How to enhance CHO condition to address the scenario if the radio quality between the UEs and migration IAB node DU may not deteriorate during migration.
2) The timing and signalling for the UEs to update security context.
Proposal 14: RAN2 deprioritize DAPS-like HO enhancement for UE group handover.

Proposal 15: RAN2 wait for RAN3 progress on enhancement of location update (TA / RNA).

Proposal 16: RAN2 discuss how to support inter-donor UE group RRC re-establishment triggered by BH RLF and migration failure.
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