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1  Introduction

In Rel-18 IAB, the enhancement for mobility of an IAB-node together with its served UEs is an objective in Rel-18 IAB WID [1]:
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In RAN2#119, companies discussed the issue of mobility enhancement, and the following agreements were achieved [2]:
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The first agreement gives the solution on how to prevent other IAB-node from accessing mobile IAB, and if further enhancement for mobility are desired to be introduced, more kinds of mobility state identifications should be discussed, e.g., the mobile IAB indication from IAB-node to network and to UEs, the capability of supporting mobile IAB from network to IAB-node, and the identification of the on-board UEs on the network. The second and third agreements opened up the discussion of RACH-less and CHO, and more details are expected to be given in the subsequent meetings. 

In this paper, we focus on the issue of mobility enhancement for mobile IAB. We propose our views on the different kinds of mobility state identifications, and on the RACH-less and CHO solutions.

2  Discussion

2.1 Mobile IAB identifications and indications
2.1.1 “Mobile IAB to network” indication

In RAN3#117, an agreement that the donor CU should identify the mobile IAB node is achieved [3]:
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When talking about the identifications of the mobile IAB-node on the network, there exists two understandings:

· The mobile IAB-node is identified by the network based on its device type. If an IAB-node’s type is the “mobile IAB-node”, it will be identified by the network as a mobile IAB, no matter whether it is moving status or working as moving mode currently. 

· The mobile IAB-node is identified by the network based on its status. Even though it is a mobile-IAB node, it may have some time in the stationary state. The network will only treat the IAB-node which is currently moving as a mobile IAB, and considers the mobility enhancement for it.

Thus, we propose:

Proposal 1a: RAN2 to discuss whether the mobile IAB identification to be known by CU is a mobile-IAB type indication or a “moving status/mode” indication.

As for the question of how to report the mobile IAB type indication to the network, the UE capability seems to be a baseline solution. 
Besides, in R16 IAB, the accessing IAB-MT sends the IAB indication to the network in Msg5 since the CU needs to select an IAB capable AMF to serve it. Whether the mobile IAB indication should be sent in Msg5 is to be further discussed. It depends on SA2’s conclusion on whether there exist difference of the CN to serve a mobile IAB node and a stationary IAB node, and RAN2’s conclusion on whether to support the system information (SI) indication to control the mobile IAB access (e.g., some donors only serve the stationary IAB-node, and the others only serve the mobile IAB-node). For example, if there is no SI indication to control the mobile IAB access, the mobile IAB indication in Msg 5 will be beneficial for the donor CU to determine whether to accept the access of the mobile IAB-node as early as possible. Otherwise, the mobile IAB indication in Msg 5 is not necessary from the perspective of admission control.
Observation 1: The need of the mobile IAB indication in Msg5 depends on SA2 conclusion on whether considering different CN for mobile IAB, and also depends on whether RAN2 introduce the SI indication to separately control the mobile IAB access.

Proposal 1b: UE capability signalling is the baseline to let CU know that the MT is a “mobile-IAB” type. FFS on the mobile-IAB indication in Msg5.
In addition, if considered useful, the network may perform different enhancement solutions to the mobile IAB-node based on its mobility state, such as the speed. In current TS 38.331, the mobilityState-r16 is included in the RRCSetupComplete/RRCResumeComplete message to indicate a UE’s speed. It is determined by the number of cell reselections during a period. The IAB-MT can reuse the mobilityState-r16 to report its speed to the network, and may consider the number of handovers in addition to the number of cell reselections, since the IAB-MT should be in RRC_CONNECTED after it starts to serve UEs. We understand this is sufficient to allow CU knowing the mobile IAB state.
Proposal 1c: No need to introduce new signalling to indicate the mobility state of mobile IAB to CU. Reusing legacy signalling of reporting mobility state (e.g. mobilityState-r16) is sufficient.
2.1.2 “Network to mobile IAB” indication

In Rel-16, the “iab-Support” indication is introduced to broadcast the network capability of whether it can serve an IAB-node. Similarly, considering that the IAB-donor may need to be upgraded to support the Rel-18 IAB features or mobile IAB features, a “mobile iab-Support” IE should also be introduced to inform the IAB-node the network capability. One of the motivation is to allow mobile IAB-MT to prioritize the cell (re)selection to a cell supporting mobile IAB related procedure.
Proposal 2a: Introduce the network broadcasting indication of “supporting mobile-IAB”.
On the other hand, in RAN3#117 discussion, consecutive partial migration is considered as a potential solution in mobile IAB migration, and Rel-17 mechanisms can also support intra-donor-CU migration of mobile IAB. The agreements are given as follows [3].
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These agreements mean that treating the mobile IAB-node same as the stationary IAB-node may also work at least for a while. Therefore, although the network may need to be upgraded to support the mobile IAB features, we should also discuss whether a mobile IAB can access the network not supporting such features temporarily. In this condition, the network may serve the mobile IAB-node just like a Rel-16/17 stationary IAB-node in a limited area.
Observation 2: Mobile IAB can work in legacy R16/R17 CU by using the legacy intra-CU migration or partial migration procedure in a limited area.
Proposal 2b: RAN2 to discuss whether mobile-IAB can camp on/access to the CU/cell not broadcasting “supporting mobile-IAB”.
2.1.3 “Mobile IAB to UE” indication

The vehicle mounted IAB is a typical scenario in Rel-18 mobile IAB. The on-board UEs move with the mobile IAB-node, and many optimizations (e.g., the optimization in cell (re-)selection) can be designed for the on-board UEs considering the unchanged relative position between the UE and the mobile IAB-node. If the mobile IAB transmits a mobile IAB indication to its served UEs, the on-board UEs can prioritize the mobile-IAB cell for cell (re-)selection, and in our view, such optimization is up to UE implementation. To realize such optimization, the UE should first know it is on-board.
Observation 3: Using the “mobile-IAB cell” indication to assist the cell (re-)selection requires the UE to know whether it is on-board.

Observation 4: For cell (re)selection, UE can prioritize the cell with “mobile-IAB cell” indication, if UE determines itself on board of the cell.
Proposal 3a: It is up to UE implementation to use the “mobile-IAB cell” indication during cell (re-)selection, if RAN2 agree to introduce this indication in SI.

When considering the mobile IAB indication to the UE, it should be noted that the security issue is important. A network device should not broadcast its mobility state, such as the location and speed information to UEs, which may cause the network device exposed to the risk to be attacked.
Proposal 3b: Not to introduce any broadcasting mobility state/location/speed information by mobile IAB cell, considering the security issue and frequent SI update.

2.1.3 On-board UE identification

For Rel-18 Mobile IAB, we have the principle that “Mobile IAB-nodes should be able to serve legacy UEs.” [1], that is, regardless of the location of the UE, i.e., on-board or off-board (surrounding), the UE should be able to access the mobile IAB-node. In some scenarios, there may be an intention for the UEs surrounding the mobile IAB node to access the IAB. Even for the scenarios where the surrounding UEs are not supposed to access the mobile IAB nodes, it can also be handled by some implementations. There is no strong motivation to specify in standards to forbid a surrounding UE to access the mobile IAB-node. Therefore, RAN2 should confirm the following proposal.

Proposal 4a: No special standard effort is needed to prevent the surrounding UE from accessing the mobile IAB-node.
Identification of the on-board UEs is for the optimizations to the on-board UEs, but not for rejecting the surrounding UEs from the network side. For the UEs in RRC_IDLE, as described in observation 2/3, they can prioritize the mobile IAB cell for cell (re-)selection. For the UEs in RRC_CONNECTED, the on-board identification can be a condition to let the network configure CHO and RACH-less for the on-board UEs, in addition to the RSRP criteria. For the NW decision, it is easier to determine the CHO and RACH-less configuration to the on-board UE, compared to purely consideration of the legacy RSRP report.
Proposal 4b: RAN2 to discuss whether to support the identification of on-board UE in following cases:

 - Case 1: UE in RRC_IDLE state (e.g. for cell (re-)selection prioritization)

 - Case 2: UE in RRC_CONNECTED state (e.g. for NW to determine whether it is suitable to configure CHO and RACH-less, in addition to the RSRP measurement reporting)
As for how to let the UE know it is on-board, we propose:

Proposal 4c: UE can consider itself on-board of a mobile-IAB cell, if the UE camps on/connects to this cell during a long period.

2.2 Enhancement of group mobility
2.2.1 RACH-less
In the vehicle mounted IAB scenario, on-board UEs move together with the IAB-node, and the timing advance of each UE can remain unchanged even for newly generated cells. Thus, the RACH procedure during HO for on-board UEs seems unnecessary with the assumption that the UL TA does not change. RACH-less based HO should 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 (e.g., the source IAB-donor) may send an indication to the UE that the current TA will be still valid and provide the configured UL grant, as specified in LTE. Such indication may be included in the handover command.
Proposal 5: To support RACH-less HO, NW can indicate that the current TA will be still valid in the target cell and provide the configured UL grant in the HO command.
In Rel-18 IAB full migration, UEs switch to the cells under a newly generated IAB-DU under the target CU. If the serving CU of the UE changes, the UE will perform the integrity protection and ciphering algorithms update by means of receiving the reconfigurationwithsync in handover command [4]. In the legacy process, the reconfigurationwithsync will trigger the UE to perform a RACH procedure to the target cell, and to perform PDCP/RLC re-establishment/MAC reset as needed. We see that 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 (e.g. the reestablishPDCP and reestablishRLC).

Observation 5: 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.
2.2.2 CHO

In partial migration, the DU does not change the F1 terminating CU, and there is no handover/CU changing for the UEs side. When talking about UE CHO, it should be mainly in full migration scenario. 
Observation 6: No need to consider the UE’s CHO (or HO) during partial migration for group mobility purpose.

In RAN#3 discussion of full migration, three possible sequences are given as the baseline, named full nested, gradual bottom-up, and gradual top-down. In full nested and gradual bottom-up, the new logical DU set up F1 interface with the target CU on the source path first, then UEs switch, and the MT switches at last; in gradual top-down, the MT switches first as in partial migration, then the new logical DU set up F1 interface with the target CU on the target path, and the UE switches at last. The sequences are shown in Figure 1.
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Figure 1. Full migration sequences

The gain of CHO is caused by the pre-configuration in CHO command. In full migration, we see that the UE CHO is beneficial in latency aspect only in the case that the UE CHO Command is delivered before the MT switches. If the MT switches first, the UE can directly switch to the target DU by HO command and work on the target path. There is no benefit to perform CHO for UEs after the MT switches, instead of direct handover. And the cell in the target DU can be allocated to the UE as the target cell in the CHO Command only when the target DU’s F1AP is already set up. Therefore, to perform UE CHO, there have two requirements: 1) the target F1AP is set up; 2) the MT has not switched yet.
Observation 7: In full migration case, the target F1AP is required to coordinate the pre-configuration of UE’s CHO, which should be established before MT switching to target CU.
Recall the three full migration sequences, we see that the full nested and gradual bottom-up can satisfy the CHO requirements mentioned above. In other words, the discussion of UE CHO should be based on the RAN3 supporting of target F1AP setup before MT HO, i.e., the sequences of full nested and gradual bottom-up.
Proposal 6a: To support the UE’s CHO for full migration, RAN2 to first ask RAN3 on the supporting of target F1AP setup before MT switching to target CU.

Legacy UE CHO’s execution is based on the UE’s judgement on the RSRP. But in the vehicle mounted scenario where the relative position between the UE and the IAB-node is almost stable, there is no obvious RSRP change can be detected by the UE. RAN2 needs to discuss the enhancement of the new trigger of UE’s CHO, like group signaling. And actually, such discussion should still wait for RAN3’s progress on proposal 6a.
Proposal 6b: The discussion on enhancement/introduction of new trigger of UE’s CHO for group mobility should wait for the RAN3 feedback/progress.

3  Conclusion

This paper mainly discusses the remaining issues of mobile IAB mobility enhancement, and the following observations and proposals are provided,
Observation 1: The need of the mobile IAB indication in Msg5 depends on SA2 conclusion on whether considering different CN for mobile IAB, and also depends on whether RAN2 introduce the SI indication to separately control the mobile IAB access.

Observation 2: Mobile IAB can work in legacy R16/R17 CU by using the legacy intra-CU migration or partial migration procedure in a limited area.

Observation 3: Using the “mobile-IAB cell” indication to assist the cell (re-)selection requires the UE to know whether it is on-board.

Observation 4: For cell (re)selection, UE can prioritize the cell with “mobile-IAB cell” indication, if UE determines itself on board of the cell.

Observation 5: 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 6: No need to consider the UE’s CHO (or HO) during partial migration for group mobility purpose.

Observation 7: In full migration case, the target F1AP is required to coordinate the pre-configuration of UE’s CHO, which should be established before MT switching to target CU.

“Mobile IAB to network” indication
Proposal 1a: RAN2 to discuss whether the mobile IAB identification to be known by CU is a mobile-IAB type indication or a “moving status/mode” indication.

Proposal 1b: UE capability signalling is the baseline to let CU know that the MT is a “mobile-IAB” type. FFS on the mobile-IAB indication in Msg5.

Proposal 1c: No need to introduce new signalling to indicate the mobility state of mobile IAB to CU. Reusing legacy signalling of reporting mobility state (e.g. mobilityState-r16) is sufficient.

“Network to mobile IAB” indication
Proposal 2a: Introduce the network broadcasting indication of “supporting mobile-IAB”.

Proposal 2b: RAN2 to discuss whether mobile-IAB can camp on/access to the CU/cell not broadcasting “supporting mobile-IAB”.

“Mobile IAB to UE” indication
Proposal 3a: It is up to UE implementation to use the “mobile-IAB cell” indication during cell (re-)selection, if RAN2 agree to introduce this indication in SI.

Proposal 3b: Not to introduce any broadcasting mobility state/location/speed information by mobile IAB cell, considering the security issue and frequent SI update.

On-board UE identification
Proposal 4a: No special standard effort is needed to prevent the surrounding UE from accessing the mobile IAB-node.

Proposal 4b: RAN2 to discuss whether to support the identification of on-board UE in following cases:

 - Case 1: UE in RRC_IDLE state (e.g. for cell (re-)selection prioritization)

 - Case 2: UE in RRC_CONNECTED state (e.g. for NW to determine whether it is suitable to configure CHO and RACH-less, in addition to the RSRP measurement reporting)

Proposal 4c: UE can consider itself on-board of a mobile-IAB cell, if the UE camps on/connects to this cell during a long period.

RACH-less
Proposal 5: To support RACH-less HO, NW can indicate that the current TA will be still valid in the target cell and provide the configured UL grant in the HO command.

CHO
Proposal 6a: To support the UE’s CHO for full migration, RAN2 to first ask RAN3 on the supporting of target F1AP setup before MT switching to target CU.

Proposal 6b: The discussion on enhancement/introduction of new trigger of UE’s CHO for group mobility should wait for the RAN3 feedback/progress.
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The method of not broadcasting “iab-Support” indication, is sufficient to prevent other IAB-node from accessing mobile IAB (without further spec impact).


R2 assumes RACH-less procedure may be considered for on-board RRC_CONNECTED UEs, which are to be handed over together with the mobile IAB-node (would depend also on the assumptions for UL synch).


R2 assumes that CHO or delayed RRC config could be the baseline for group mobility (FFS if could be applicable for mobility of IAB MT), i.e. with a preparation in advance (not immediately) of the execution. 





The donor CU should know that the IAB node is “mobile”. 





The mobile IAB-node may perform multiple consecutive partial migrations without inter-donor migration of its mobile IAB-DU. 


Rel17 mechanisms support intra donor CU migration of mobile IAB.
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