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1. Introduction
In RAN2#119bis-e meeting, agreements [1] on mobile IAB were made as below: 
	RAN2 focuses on the scenario where, during full migration, the UE sees the two logical DU cells as different physical cells (e.g. with different PCI if same carrier), and where the two logical DU cells use separate physical resources (i.e., different carriers, or orthogonal time and frequency resources of the same carrier, as supported by legacy L1).


In RAN2#120 meeting, agreements [2] on Mobility Enhancement were made as below: 
	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. 


In this contribution, we will provide our views on mobility enhancement for mobile IAB.
2. Discussion
2.1 group handover
In RAN2 #119bis-e and #120 meetings, three options were discussed for group mobility.
· Option 1: The RRC Reconfiguration messages are sent to the logical source IAB-DU, where they are withheld until a condition has been met, e.g., the IAB-MT has received its own handover command.  
· Option 2: The RRC Reconfiguration messages are sent to the UEs, where they are withheld until a condition has been met, which may be based on a broadcast or DCI indication by the logical source IAB-DU. 
· Option 3: Legacy CHO is configured on the UEs, and the handover execution is triggered by powering down/up the source/target logical IAB-DU cells. 

It was agreed in RAN2 #119bis-e that UE shall see two logical DU cells using separate physical resources during full migration. For Option 1, since the RRC Reconfiguration message received from source CU shall be withheld by source DU, the signaling delay on F1AP may be reduced. Furthermore, two logical DU cells using separate physical resources shall coexist for a certain period. Since the signaling of handover for all served UEs can be spread over the period, handover from source logical DU to target logical DU for the group of UEs can be graceful. 
For high-speed scenarios, some companies concerned whether the period is long enough to meet the stringent migration time requirements. Since the two logical DUs may have F1 transmission with their own donor CUs simultaneously over the mobile IAB-MT’s single link connection ([3]), the handover of UE can be performed before or after IAB-MT’s handover, so we think that Option 1 can work well in high-speed scenarios as well.
Observation 1: Option 1 is graceful for group handover and works well for high-speed scenarios.

For Option 3, when source logical DU is powered down and target logical DU is powered up, all served UEs shall be triggered almost at the same time to perform the handover procedure. For the current CHO implementation, if the corresponding CHO execution condition is satisfied, UE shall send the RRCReconfigurationComplete message to the target gNB to complete the handover procedure. Since all served UEs are triggered to transmit the message almost simultaneously, it may still cause signaling congestion and bring extra HO delay for some UEs. 
Observation 2: Option 3 may still cause signaling congestion, since all served UEs need to send the RRCReconfigurationComplete message almost simultaneously when powering down/up the source/target logical IAB-DU cells.

Except for the trigger condition, Option 2 is quite similar to Option 3. But Option 2 needs to define a new trigger condition and hence has the most specification impact. Furthermore, option 2 does not support legacy UE. So we propose to deprioritize option 2.
Proposal 1: RAN 2 to focus on Option 1 and 3, and deprioritize Option 2.

2.2 RACH-less HO
In RAN2 #119bis-e meeting, the chairman deprioritized the RACH-less (can wait) because it is more RAN2 internal and is also an optimization not possible for legacy UEs. 
When on-board UEs are moving together with the mobile IAB-node, the relative position between UE and IAB-node is relatively stationary, which implies that the timing advance and the beam for a UE may not be changed during mobile IAB-node’s migration. For this reason, RACH-less handover can be considered to reduce the signaling overhead and the overall handover time. It’s obvious that RACH-less HO can bring benefits for Rel-18 UEs, so we suggest that RAN2 to introduce RACH-less handover in mobile IAB.
Proposal 2: RAN2 to introduce RACH-less handover in mobile IAB.

It’s known that RACH-less handover for LTE has been specified in Rel-14. The general procedure is as below:
· Source eNB indicates UE to skip RACH by configuring RACH-less HO (i.e., rach-Skip) in RRCConnectionReconfiguration, which includes timing adjustment indication and optionally preallocated uplink grant for accessing the target eNB. 
· If RACH-less HO is configured, UE performs synchronisation to target eNB. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell. 
· When the RACH-less HO is configured, after the uplink grant is received, UE shall send the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover. 
· The handover procedure is completed for the UE when the UE receives the UE contention resolution identity MAC control element from the target eNB. If the MAC CE is received, UE shall stop T304 timer and release the RACH-less HO configuration (i.e., rach-Skip).
We think LTE RACH-less HO can be a baseline if RACH-less group HO is supported for mobile IAB-node’s migration. Based on it, some optimization can be considered for mobile IAB.
Proposal 3: LTE RACH-less HO can be a baseline if RACH-less handover is supported for mobile IAB.

For timing advance, the mechanism in LTE RACH-less HO (i.e., by sending timing adjustment indication in rach-Skip) can be reused. For beam management, a beam adjustment indication can be introduced to indicate whether beam information for the corresponding signal or channel shall be maintained for the target cell. How to configure and apply the beam adjustment indication can be FFS.
Proposal 4: A beam adjustment indication can be introduced to indicate whether beam information shall be maintained during RACH-less HO.

For LTE RACH-less HO, UE needs to send RRCConnectionReconfigurationComplete message to confirm the handover. Since the physical IAB-DU node is not changed and the timing advance is maintained during mobile IAB-node’s migration, we think that any dedicated uplink signal (e.g., PUCCH or SRS), or any PUSCH transmission on the pre-allocated uplink grant can be used to confirm the handover. In this way, congestion for group handover can be mitigated at least for Rel-18 UE. Furthermore, repetition may be applied to the uplink signal to improve the reliability of confirmation.
Proposal 5: For RACH-less group handover, UE can send dedicated uplink signal (e.g., PUCCH or SRS), or PUSCH transmission on the pre-allocated uplink grant to confirm the handover if timing advance is maintained.

As mentioned above, for LTE RACH-less HO, upon reception of UE contention resolution identity MAC CE, UE shall stop T304 timer and release the RACH-less HO configuration (i.e., rach-Skip). However, there is a small drawback here. Even if there is no buffered DL data, the network needs to schedule a PDSCH resource for the MAC CE. 
To overcome it, a mechanism like the response for BFR CFRA preamble can be used. For example, if PDCCH addressed to the C-RNTI (rather than UE contention resolution identity MAC CE) is received on a specific search space (e.g., rachLessSearchSpace), UE shall stop T304 timer and release the RACH-less HO configuration (i.e., rach-Skip).
Proposal 6: PDCCH addressed to the C-RNTI can be used to indicate the completion of RACH-less HO.

Summary
[bookmark: OLE_LINK3]This contribution provided our analysis on mobility enhancement for mobile IAB, and we propose to list all these possible solutions and the issues each solution can solve:
Observation 1: Option 1 is graceful for group handover and works well for high-speed scenarios.
Observation 2: Option 3 may still cause signaling congestion, since all served UEs need to send the RRCReconfigurationComplete message almost simultaneously when powering down/up the source/target logical IAB-DU cells.
Proposal 1: RAN 2 to focus on Option 1 and 3, and deprioritize Option 2.

Proposal 2: RAN2 to introduce RACH-less handover in mobile IAB.
Proposal 3: LTE RACH-less HO can be a baseline if RACH-less handover is supported for mobile IAB.
Proposal 4: A beam adjustment indication can be introduced to indicate whether beam information shall be maintained during RACH-less HO.
Proposal 5: For RACH-less group handover, UE can send dedicated uplink signal (e.g., PUCCH or SRS), or PUSCH transmission on the pre-allocated uplink grant to confirm the handover if timing advance is maintained.
Proposal 6: PDCCH addressed to the C-RNTI can be used to indicate the completion of RACH-less HO.
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