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1. Introduction
During the last RAN2 meeting, following agreements [1] were achieved for mobile IAB mobility enhancement and interference mitigation,
· R2 assumes that It is up to RAN3 or SA2 to decide whether to support early mobile IAB indication in Msg5 because it depends whether donor CU needs to select an AMF supporting mobile IAB. 
· R2 assumes that Donor CU can determine mobile IAB node's moving status via legacy reporting (e.g. mobility state and UE location / velocity specified in SON/MDT), i.e. R2 assumes enhanced / new reporting is not needed. 
· A mobile IAB node may camp on and connect to legacy Rel-16/Rel-17 IAB capable cell. 
· R2 assumes "supporting mobile-IAB" indication is provided by Rel-18 Mobile IAB capable parent cell.
· Regarding the assumed mobile-IAB cell type indication, RAN2 assumes is may be specified if some related UE behaviour is specified. 
· RAN2 assumes that PCI collision can be avoided, by reconfigurations, and this may be handled by RAN3. If RAN3 finds issues that RAN2 should work on then RAN2 can work. e.g. based on LS.
· RAN2 understands that RACH interference and collisions may be avoided by RACH configuration, and RACH configurations can e.g. be exchanged by Xn, so RACH interference and collisions better be handled between RAN3 and RAN1, if needed.
This contribution mainly focuses on the remaining issues of mobility enhancement and interference mitigation for mobile IAB.
2. Discussion
2.1 Mobility enhancement
2.1.1 Msg5 identification
According to the agreed SA2 CR [2], we have,
	For a MBSR node, it provides a mobile IAB-indication to the IAB-donor-CU when the RRC connection is established as defined in TS 38.331 [28]. When the mobile IAB-indication is received, the IAB-donor-CU selects an AMF that supports IAB-node with mobility and includes the mobile IAB-indication in the N2 INITIAL UE MESSAGE as defined in TS 38.413 [34] so that the AMF can perform mobile IAB authorization.
After the IAB-UE performs registration procedure in 5GS, further mobility procedure can be performed to change the IAB-donor-DU, the IAB-donor-CU as specified in TS 38.401 [42].
Editor’s Note: description of RRC indication and full migration procedure will be updated after coordination with RAN WGs.


Whether the Mobile IAB indication is required in Msg5 depends on whether there is a mobile IAB-specific AMF, which is highly related to SA2’s further conclusion. And SA2 is discussing the need of mobile IAB indication in Msg5.
Therefore, it is proposed,
Observation 1: RAN2 should just postpone one more meeting and wait for the SA2’s confirmation on the need of Msg5 identification of mobile IAB.
2.1.2 Access control for mobile IAB-node
Referring to the last RAN2 agreement, the “supporting mobile-IAB” is provided by R18 Mobile IAB capable cell, and a R18 mobile IAB-node may camp on and connect to a legacy R16/17 IAB capable cell.
Specifically, whether a mobile IAB-node works as a stationary IAB-node depends on the implementation, and R17 partial migration can also temporarily or limitedly support the mobility of the IAB-node. That is, the mobile IAB-MT (re)selects which type of cell is implementation dependent. Therefore, it is proposed,
Proposal 1: It is up to the mobile IAB-MT implementation whether to prioritize the selection to the cell “supporting mobile-IAB”.
2.1.3 UE cell (re)selection & “mobile-IAB cell” indication 
For the on-board UEs or surrounding UEs, how to treat the mobile IAB cell when hearing the 1-bit indication depends on implementation, e.g., for on-board UEs, the mobile-IAB cell may be prioritized during cell (re-)selection based on the “mobile-IAB cell” indication, while it may be deprioritized by the surrounding UEs. This should be an enhancement on the UE side. Given the requirement to support legacy UEs, it is preferred not to normalize mandatory UE behaviour, but to leave it to UE implementation. Therefore, it is proposed,
Proposal 2a: It is up to UE implementation to use the “mobile-IAB cell” indication in SIB1 during the cell (re-)selection, e.g., TS 38.304 to capture “UE may prioritize a mobile-IAB cell (determined by the “mobile-IAB cell” indication in SIB1) during cell (re-)selection if UE considers itself on-board of this cell.”
The “mobile-IAB cell” indication broadcasting in SIB1 is sufficient for the UE to identify a mobile-IAB cell. Therefore, it is proposed,
Proposal 2b: The agreed 1-bit “mobile-IAB cell” indication in SIB1 is sufficient for the R18 UE cell (re)selection enhancement.
Besides, based on the analysis in Section 2.1.2, whether or not this 1-bit indication is set for the current static on-board IAB-node depends on the mobile IAB-DU implementation and is not configured by the CU or OAM. It is proposed,
Proposal 3: It is mobile IAB-DU implementation on how to set this “mobile-IAB cell” indication.
2.1.4 On-board UE identification 
For the identification of on-board UEs, the method agreed in the RAN2 #119bis meeting is sufficient, i.e., UE could potentially consider itself on-board of a mobile-IAB cell, if the UE camps on/connects to a mobile IAB cell during a long period (i.e. the UE then need to know that this is such a cell). The UE can know that it is camping on/connecting to a mobile-IAB cell by the 1-bit “mobile-IAB cell” indication. Therefore, it is proposed to add a NOTE in TS 38.304 to capture the agreement.
Proposal 4: Add a NOTE in TS 38.304 to clarify “UE may consider itself on-board of a mobile-IAB cell, if the UE camps on/connects to a mobile-IAB cell during a long period”.
As for the on-board UEs in RRC_CONNECTED state, once identified by the network, some possible enhancements may be performed for these UEs, e.g., CHO configuration, RACH-less, and RSRP measurement relaxing. 
Another usage for NW to identify the on-board UE can be configuring the measurement configuration. During DU migration, on-board UEs are supposed to be handover from source DU to target DU. However, typically, the RSRP of this source cell and target cell are quite similar. There may be quite a chance that on-board UE cannot trigger measurement report, due to the similar RSRP between source cell and target cell. So, NW implementation may want to configure some different trigger event parameters for on-board UEs, so that at least on-board UE can report the measurement result to initiate the full migration. In this case, it is beneficial for NW to identify the connected on-board UEs. 
Therefore, it is proposed,
Proposal 5: RAN2 to discuss whether to support the on-board UE identification in RRC_CONNECTED (e.g., used for the NW to determine whether the UE is suitable to be configured with CHO and RACH-less, in addition to the RSRP measurement reporting). 
2.1.5 RACH-less
For the acquirement of TA
When on-board UEs move together with the IAB-node, the timing advance of each UE remains unchanged from the source cell to the target cell, and thus the RACH procedure during UE HO can be omitted. RACH-less based HO can be considered for R18 IAB group mobility enhancement, and the UL TA and the configured UL grant which are originally indicated by RACH procedure should be transmitted to the UE by other means. Specifically, the network may send an indication to the UE that the current TA is still valid and provide the configured UL grant. Such indication may be included in the Handover Command.
For the security update
When the serving CU of the UE changes, the UE should perform the integrity protection and ciphering algorithms update via the reconfigurationwithsync in the handover command. In the legacy process, the reconfigurationwithsync will trigger the UE to perform a RACH procedure to the target cell, and to perform RLC re-establishment/MAC reset as needed. Even though the RACH procedure is omitted, other configurations in reconfigurationwithsync is still necessary for the UE performing inter-CU handover. The reconfigurationwithsync should be updated to support the RACH-less option while the other configurations related to security update should remain unchanged.
Observation 2: If RAN2 agree to support the RACH-less for R18 UEs under mobile IAB cell:
· NW can indicate that the source TA will be still valid in the target cell and provide the configured UL grant in the HO command. 
· The security update during full migration can be performed by the reconfiguration with sync procedure with MAC reset and other L2 re-establishment, as supported in legacy, even with RACH-less procedure.
On the other side, the RACH-less feature is also discussed simultaneously in other WIs, e.g., NR NTN for L3 mobility and NR mobility enhanced for L1/L2 triggered mobility. Therefore, it is proposed,
Proposal 6: The RACH-less feature in mobile IAB should wait for more progress in other WIs, including NR NTN for L3 mobility and NR mobility enhanced for L1/L2 Triggered Mobility, and try to harmonize the design.
2.2 Interference Mitigation
2.2.1 RANAC issues
The main drawback of static RANAC is that the RNAU may not be performed in a timely manner, and this will cause the network to misunderstand the last serving gNB of the on-board INACTIVE UEs. Specifically, for the static case, when the IAB-node continues to move a long distance and connects to a new donor-gNB not having Xn interface with the last serving gNB, RAN may not be able to find the on-board INACTIVE UEs using single-hop-based RAN paging.
Observation 3a: If UE does not perform RNAU timely, the CN/AMF may not be able to know/update the latest serving gNB of UEs.
Using the periodic RNAU may solve the above issue to some extent. With a properly configured T380, the UE can perform RNAU timely, and thus the network can be aware of the correct last serving gNB.
Observation 3b: In case T380 is configured for RNA update, it is up to NW to configure a proper T380 value so that UE can perform periodic RANU timely, even camped on mobile IAB cell.
Furthermore, according to the LS [4] from RAN3, the dynamic TAC solution should be supported. And referring to TS 38.473 [5], we have, 
	For NG-RAN, the gNB-DU may include the RAN Area Code IE in the GNB-DU CONFIGURATION UPDATE message. The gNB-CU shall store and replace any previously provided RAN Area Code IE by the received RAN Area Code IE.


That is, in legacy F1AP, DU can update the RANAC and notify CU.
Therefore, RANAC should follow the same principle as TAC.
Observation 3c: Following the TAC principle agreed in RAN3, the RANAC of the mobile-IAB cell is dynamic, not static. 
Specifically, in addition to the RANAC-based RNA configuration, the RNA can also be configured via a list of cell IDs. The following mainly discusses the impact of the changeable RNA IDs on the on-board and surrounding UEs under the two RNA configurations.
· RNA configured via a cell ID list
The cell ID refers to the NCGI, given the RAN3 agreement that,
· The NCGI of the mobile IAB-DU cell is changed when the F1-terminating donor CU of the mobile IAB-DU is changed.
For partial migration, the NCGI of the mobile-IAB cell can remain unchanged for a long traveling distance, which will anyway cause the surrounding UEs’ RNAU procedures. While for the on-board UEs, even though the RNAU procedure is not triggered, the network can locate the on-board UEs correctly.
For DU migration, if the updated NCGI is within the surrounding UEs’ RNA, the RNAU procedure will not be triggered. For on-board UEs, the NCGI update supports the chance of initiating UEs’ RNAU when necessary, e.g., in case the Xn connectivity with a certain last serving gNB will no longer be available.
Observation 4a: In case cellList is configured for RNA update, during DU migration of mobile IAB cell, the NCGI of the target DU cell will be changed, which supports the chance of initiating UE’s RNAU procedure. It is up to RAN3 on how to configure the NCGI of the target DU cell (e.g., by OAM or F1AP).
· RNA configured via a RANAC list
For partial migration, similar to the NCGI case, the network can correctly locate the on-board UEs without changing the RANAC of the mobile-IAB cell. Even though this may result in the surrounding UEs’ RNAU procedure, the RNAU initiated by the on-board UEs is not required because the serving CU has not changed.
For DU migration, the surrounding UEs’ RNAU procedure may not be triggered for a properly updated RANAC of the mobile-IAB cell, which will also support the chance of initiating on-board UEs’ RNAU if necessary.
Observation 4b: In case RAN-AreaCode is configured for RNA update, during DU migration of mobile IAB cell, the RAN-AreaCode of the target DU cell can be configured with a new value, if needed, to support the chance of initiating UE’s RNAU. It is up to RAN3 on how to configure the RAN-AreaCode of the target DU cell (e.g., by OAM or F1AP).
Observation 4c: In case cellList/RAN-AreaCode is configured for RNA update, during partial migration of mobile IAB cell, it is not necessary to always initiate the UE’s RNAU procedure, since there is no CU change.
Based on the above analysis, for the dynamic RANAC scheme, the impact on either the on-board UEs or the surrounding UEs cannot be avoided. That is, for a given RANAC of a mobile-IAB cell, either the on-board UEs or the surrounding UEs shall perform the RNAU procedure. When deciding whether to update the RANAC, the network should consider the trade-off between the impact on surrounding UEs and on-board UEs (e.g., the number of affected UEs), which is largely implementation dependent.
Therefore, it is proposed,
Proposal 7: It is up to the NW implementation on whether/when to update the RAN-AreaCode, e.g., considering the balance between the impact on surrounding UEs and on-board UEs’ RNAU procedure. (up to RAN3 on how to reconfigure RAN-AreaCode)
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Figure 1. RAC update in the Mobile IAB scenario
One of the motivations for updating the RANAC of a mobile-IAB cell is to avoid the RNAU of surrounding UEs due to the appearance of a mobile IAB cell in an area. However, the RANAC update may trigger the RNAU procedure of on-board UEs. This is not necessary in case of no CU change in mobile IAB partial migration. In this case, the network may instruct the R18 UE to suspend the RNAU procedure, to avoid impact on the on-board UEs.
Observation 5a: NW implementation of mobile IAB may choose to update the RAN-AreaCode as the one used by the neighbour stationary cells, to avoid triggering the RNAU procedure of surrounding UEs.
Observation 5b: There are some cases that on-board UEs do not need to perform the RNAU procedure even if the RAN-AreaCode is updated out of the configured RAN-AreaCode list, e.g., during mobile IAB partial migration in observation 5a.
Proposal 8: In mobile IAB cells, to avoid the impact on on-board UEs (i.e., unnecessary RNAU when the RAN-AreaCode updates), NW can broadcast the disabling/suspending of the RNAU procedure for R18 UEs.

2.2.2 ANR related enhancement
The following ANR function mentioned in TS 38.300 [6] can be applied to PCI collision prediction and handling.
	The ANR function resides in the gNB and manages the Neighbour Cell Relation Table (NCRT). Located within ANR, the Neighbour Detection Function finds new neighbours and adds them to the NCRT. ANR also contains the Neighbour Removal Function which removes outdated NCRs. The Neighbour Detection Function and the Neighbour Removal Function are implementation specific.
An existing NCR from a source cell to a target cell means that gNB controlling the source cell:
a)	Knows the global and physical IDs (e.g. NR CGI/NR PCI, ECGI/PCI) of the target cell.
b)	Has an entry in the NCRT for the source cell identifying the target cell.
c)	Has the attributes in this NCRT entry defined, either by OAM or set to default values.
NCRs are cell-to-cell relations, while an Xn link is set up between two gNBs. Neighbour Cell Relations are unidirectional, while an Xn link is bidirectional.
NOTE:	The neighbour information exchange, which occurs during the Xn Setup procedure or in the gNB Configuration Update procedure, may be used for ANR purpose.
The ANR function also allows OAM to manage the NCRT. OAM can add and delete NCRs. It can also change the attributes of the NCRT. The OAM system is informed about changes in the NCRT.



When a possible PCI conflict is detected, the gNB may update the PCI based on the maintained NCRT. However, things may be different in the mobile-IAB cell scenario where IAB cells may appear and disappear from the neighbourhood very frequently. The ANR function thus requires frequent NCRT updates, resulting in network maintenance overheads. Since the neighboring cell info is obtained from the UE measurement report, one possible method to relieve the overhead may be that the UE indicates that the neighboring cell is a mobile-IAB cell (so that NW can omit the mobile-IAB cell or do some specific handling for the NCRT update), or UE simply skips reporting the mobile-IAB cell.
Therefore, it is proposed,
Proposal 9: In ANR feature, RAN2 to discuss the following handlings to avoid frequent NCRT update, considering that the mobile-IAB cell may appear or disappear from the neighbour very frequently:
· UE indicates whether a neighbour cell is a mobile-IAB cell, or
· UE just skips reporting the mobile-IAB cell.
3. Conclusion
This paper mainly discusses the remaining issues of mobility enhancement and interference mitigation for mobile IAB, and the following observations and proposals are provided,
Observation 1: RAN2 should just postpone one more meeting and wait for the SA2’s confirmation on the need of Msg5 identification of mobile IAB.
Observation 2: If RAN2 agree to support the RACH-less for R18 UEs under mobile IAB cell:
· NW can indicate that the source TA will be still valid in the target cell and provide the configured UL grant in the HO command. 
· The security update during full migration can be performed by the reconfiguration with sync procedure with MAC reset and other L2 re-establishment, as supported in legacy, even with RACH-less procedure.
Observation 3a: If UE does not perform RNAU timely, the CN/AMF may not be able to know/update the latest serving gNB of UEs.
Observation 3b: In case T380 is configured for RNA update, it is up to NW to configure a proper T380 value so that UE can perform periodic RANU timely, even camped on mobile IAB cell.
Observation 3c: Following the TAC principle agreed in RAN3, the RANAC of the mobile-IAB cell is dynamic, not static. 
Observation 4a: In case cellList is configured for RNA update, during DU migration of mobile IAB cell, the NCGI of the target DU cell will be changed, which supports the chance of initiating UE’s RNAU procedure. It is up to RAN3 on how to configure the NCGI of the target DU cell (e.g., by OAM or F1AP).
Observation 4b: In case RAN-AreaCode is configured for RNA update, during DU migration of mobile IAB cell, the RAN-AreaCode of the target DU cell can be configured with a new value, if needed, to support the chance of initiating UE’s RNAU. It is up to RAN3 on how to configure the RAN-AreaCode of the target DU cell (e.g., by OAM or F1AP).
Observation 4c: In case cellList/RAN-AreaCode is configured for RNA update, during partial migration of mobile IAB cell, it is not necessary to always initiate the UE’s RNAU procedure, since there is no CU change.
Observation 5a: NW implementation of mobile IAB may choose to update the RAN-AreaCode as the one used by the neighbour stationary cells, to avoid triggering the RNAU procedure of surrounding UEs.
Observation 5b: There are some cases that on-board UEs do not need to perform the RNAU procedure even if the RAN-AreaCode is updated out of the configured RAN-AreaCode list, e.g., during mobile IAB partial migration in observation 5a.

Access control to mobile IAB-MT
Proposal 1: It is up to the mobile IAB-MT implementation whether to prioritize the selection to the cell “supporting mobile-IAB”.
“mobile-IAB cell” indication and UE behaviours
Proposal 2a: It is up to UE implementation to use the “mobile-IAB cell” indication in SIB1 during the cell (re-)selection, e.g., TS 38.304 to capture “UE may prioritize a mobile-IAB cell (determined by the “mobile-IAB cell” indication in SIB1) during cell (re-)selection if UE considers itself on-board of this cell.”
Proposal 2b: The agreed 1-bit “mobile-IAB cell” indication in SIB1 is sufficient for the R18 UE cell (re)selection enhancement.
Proposal 3: It is mobile IAB-DU implementation on how to set this “mobile-IAB cell” indication.
On-board UE identification
Proposal 4: Add a NOTE in TS 38.304 to clarify “UE may consider itself on-board of a mobile-IAB cell, if the UE camps on/connects to a mobile-IAB cell during a long period”.
Proposal 5: RAN2 to discuss whether to support the on-board UE identification in RRC_CONNECTED (e.g., used for the NW to determine whether the UE is suitable to be configured with CHO and RACH-less, in addition to the RSRP measurement reporting). 
RACH-less
Proposal 6: The RACH-less feature in mobile IAB should wait for more progress in other WIs, including NR NTN for L3 mobility and NR mobility enhanced for L1/L2 Triggered Mobility, and try to harmonize the design.
RANAC issue
Proposal 7: It is up to the NW implementation on whether/when to update the RAN-AreaCode, e.g., considering the balance between the impact on surrounding UEs and on-board UEs’ RNAU procedure. (up to RAN3 on how to reconfigure RAN-AreaCode)
Proposal 8: In mobile IAB cells, to avoid the impact on on-board UEs (i.e., unnecessary RNAU when the RAN-AreaCode updates), NW can broadcast the disabling/suspending of the RNAU procedure for R18 UEs.
ANR issue
Proposal 9: In ANR feature, RAN2 to discuss the following handlings to avoid frequent NCRT update, considering that the mobile-IAB cell may appear or disappear from the neighbour very frequently:
· UE indicates whether a neighbour cell is a mobile-IAB cell, or
· [bookmark: _GoBack]UE just skips reporting the mobile-IAB cell.
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