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Introduction
During RAN2 #119e meeting, it was agreed that CHO or delayed RRC configuration could be considered for group mobility.
	· 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. 


Following three options were captured in RAN2 #119bis-e:
	· RAN2 assumes that O1 and O3 above could work, and FFS if O2 above (new trigger etc) is needed. 
· 1) message withholding by the logical source IAB-DU with conditional delivery, e.g., upon on MT migration, 
· 2) conditional execution by the UE based on, e.g., a broadcast indication such as SIB indication of service time or DCI indication of MT-migration, (includes CHO with new trigger). 
· 3) legacy CHO (with implementation specific behaviour, e.g. using source-cell power down or target cell power up triggering the actual HO)


During RAN2 #120 meeting, companies have different views on how much CHO could be beneficial to mobile IAB-node’s served connected UEs’ group mobility when full migration is performed. As captured in the chair’s note, a significant bar for connected UEs’ mobility enhancement should be considered. 
	Chair: From Companies opinions, there seems to be a significant bar for enhancements for connected mode mobility, It seems that Options 1 and 3 (as they are Rel17 and earlier with no change) are favored by many companies.  


In this contribution, we first discuss the necessarity of supporting CHO (Option 1 and Option 3 listed above). 
Furthermore, RACH-less could be considered to reduce signaling overhead based on the assumption that the relative distance between connected mode UEs and mobile IAB-node are not changed. Furthermore, we also notice RACH-less is under discussion in other WIs, e.g. NTN, mobility. In the second part of this contribution, we discuss whether RACH-less can be considered for mobile IAB-node and further discuss the commonality of RACH-less among WIs. 
Discussion
Handover of served UEs
It was agreed in RAN2 that two logical DUs in full migration use different physical cells. 
	· 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).


It was further agreed in RAN3 #119 meeting, the target logical DU will successfully complete its F1 setup towards its donor CU before the source logical DU initiates the handover procedure for mobile IAB-node’s served UEs. The source logical DU is only released after all served UEs have been handed-over to the target. Therefore, during full migration of mobile IAB-node, similar as normal handover between two cells, all served UEs see the coexistence of two logical DUs as different physical cells at the mobile IAB-node during their handover. 
	The HO of UEs from the source logical mIAB-DU´s CU to the target logical mIAB-DU´s CU should happen after the completion of the F1 setup. When to trigger the HO is up to source logical mIAB-DU´s CU implementation.
After all UEs have been handed over, the source logical mIAB-DU’s F1AP association can be released by the source logical mIAB-DU or by the source logical mIAB-DU’s CU.


Based on above analysis and observation, the 1st logical DU can use legacy handover procedure to handover mobile IAB-node’s served UEs to the 2nd logical DU.
Proposal 1: RAN2 confirms that legacy handover procedure can be considered as baseline to handover mobile IAB-node’s served UEs from the 1st logical DU to the 2nd logical DU during mobile IAB-node’s full migration.
CHO
Configuring mobile IAB-node’s served UEs CHO may have following candidates:
1) the 2nd logical DU that collocated at mobile IAB-node with the source logical DU 
2) other mobile IAB-nodes on the same moving vehicle, e.g. train, tram, etc
3) stationary gNBs, i.e. non-mIAB-cell
In below section, we discuss the necessarity of configuring CHO for above three scenarios.
2nd logical DU as CHO candidate
The main motivation of having RRC pre-configuration and/or CHO towards the mIAB served UEs is claimed to reduce signaling congestion during group UEs’ handover when all UEs are connecting and switching to the target cell in the 2nd logical DU at the same time.
As discussed in above section, legacy handover procedure can be reused. Since two logical DUs are simultaneously exist at mobile IAB-node during UEs’ handover, when the served UEs are still connecting to the first logical DU, the IAB-donor CU can gradually handover the group of served UEs from the first logical DU to the second one. It will not lead to signaling congestion, as the signaling of group UEs can be spread over a certain period. 
It was further clarified that the CHO is configured to mIAB served UEs after the successful F1AP setup of target logical DU, i.e. the source logical DU sends handover request for CHO to the target logical DU after the successful F1AP setup of target logical DU; that is, when both source and target logical DUs exist simultaneously. However, based on this RAN3 agreement and as discussed above, the source logical DU can request HO command directly instead.  Current trigger conditions for CHO cannot be directly applied to move UEs from one logical DU to another logical DU while the two cells exist simultaneously.  Optimising or defining a new trigger can be used for this case will bring extra complexity to the network. 
Furthermore, CHO also requires the same level of signalling as the actual HO command (i.e. per UE). It also cannot help to reduce the number of required signaling for group mobility of the served UEs.
Observation 1: Signalling congestion peak can be avoided by the donor performing handover of the mIAB served UEs gradually from one logical DU to another. CHO also requires the same level of signalling and is not helpful during group mobility of mIAB served UEs and brings additional complexity. Instead of CHO, the source logical DU can request HO for the served UEs directly.
Other mobile IAB-node or stationary gNB as CHO candidate
Though CHO may not be helpful when considering the 2nd logical DUs as candidate cell, CHO could still be considered for the case when served UEs moving towards different mobile IAB-nodes or other non-mobile IAB-nodes. It is the same scenario as UE being handed-over to other candidate cells as in legacy scenario. No further enhancement is needed.
Observation 2: Same as normal UE, CHO can still be configured to mobile IAB-node’s served UEs, when considering other mobile IAB-nodes or stationary gNBs as CHO candidate. CHO does not need to be enhanced.
Proposal 2: For mobile IAB-node’s served UEs, CHO is not enhanced in Rel-18 mIAB.
RACH-less Handover
RACH-less Handover for mobile IAB served UEs
As agreed in RAN2 #119e meeting:
	· 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). 


When group handover is performed for all served UEs (e.g., due to inter-donor-CU full migration), considering the number of served UEs under a mobile IAB-node can be large, even with gradual HO of UEs when two logical DUs simultaneously exist may lead to some level of congestion due to the large number of messages exchanged between UEs and mobile IAB-node. 
Instead of CHO, which share the same amount of messages as legacy handover during group mobility, RACH-less could help to avoid multiple UEs performing RACH almost at the same time and interruption to UE communication. 
In below section, we further analyze whether and how RACH-less could apply to mobile IAB served UEs. 
TA Acquisition
In LTE, RACH-less is only applicable in a synchronous network:
1) Same TA when it is an intra-eNB HO 
2) TA=0 for small cell
3) the current TA of a TAG of a cell can be reused
For mobile IAB, considering the served UEs are still connecting to the same mobile IAB-node during full migration procedure, the Timing Advance of served UEs is not changed during mobile IAB-node’s migration. Therefore, the served UEs are UL synchronized with the mobile IAB-DU before and after its migration. A simplification of the HO procedure for the served UEs can be considered to reduce RACH procedure.
Observation 3: The timing advance of served UEs is not changed during mobile IAB-node’s full migration.
UL Grant
To skip RACH procedure, another problem is how UL grant is provided to the served UEs (i.e., RAR which includes UL-Grant is skipped). 
In LTE RACH-less HO, there are two ways for the network to provide UL grant to the UEs without RACH:
1) pre-allocated to the UE in RRC message
2) UE monitors the PDCCH of the target cell if UL grant is not received/not configured in handover command
Since two logical DUs are simultaneously exist at the mobile IAB-node, the 2nd logical DU can provide UL grant to the served UEs over RRC reconfiguration message. Since the connected mobile IAB-node is not changed for the served UEs, it is highly possible that the two logical DUs share similar/same PHY configuration. Even UL grant is not configured, it is easier for the served UEs to monitor the PDCCH of the 2nd logical DU as in LTE RACH-less HO, based on the knowledge of the 1st logical DU PHY configuration. 
Observation 4: Same as LTE RACH-less HO, the 2nd logical DU can provide UL grant to the served UE either via pre-allocation in RRC message or allow UE to monitor its PDCCH.
RACH-less Configuration and Trigger of security key change
In mobile IAB, due to the change of CU, it is proposed to simply perform a change of security key for the served UEs. 
Normally, upon receiving RRCReconfiguration message during handover, the UE shall execute a reconfiguration with sync, reset MAC entity and re-establish L2. The UE shall also update the security key if requested and use it after successful RACH towards the new cell. However, if RACH-less handover is adopted, RACH procedure cannot be used by gNB as a way for the gNB to know when the UE starts to use the new security key.
In LTE, as captured in TS 36.300 [3], if RACH-less HO is configured, UE performs synchronisation to target eNB and the reconfiguration message includes TA, UL grant (if configured) and updated security key. The UE derives target eNB specific keys, then configures the selected security algorithms to be used in the target cell. We think the same mechanism can be used for mIAB served UEs as a baseline, where the security key is updated upon receiving RRCReconfiguration message.
Observation 5: Similar as LTE RACH-less HO, mIAB served UEs can start to use new security key and trigger reconfiguration/ L2 reset, etc, upon applying the RRCReconfiguration message. 
HO confirmation and release RACH-less configuration
As captured in TS 36.321 [1], successful HO is confirmed upon receiving UE contention resolution identity MAC CE. 
	-	if the MAC entity is configured with rach-Skip or rach-SkipSCG and a UE Contention Resolution Identity MAC control element for this TTI has been received on the PDSCH indicated by the PDCCH of the SpCell addressed to the C-RNTI:
-	indicate to upper layer the successful reception of a PDCCH transmission addressed to the C-RNTI.


At the same time, RACH-less related configuration will then be released according to TS 36.331 [2]:
	1>	if MAC indicates the successful reception of a PDCCH transmission addressed to C-RNTI and if rach-Skip is configured:
2>	stop timer T304;
2>	if daps-HO is configured for any DRB:
3>	stop timer T310 for the source PCell, if running;
3>	for each DAPS bearer trigger UL data switching, as specified in TS 36.323 [8];
2>	release rach-Skip;


The same principle can also be taken by RACH-less HO for the served UEs.
Observation 6: Same as LTE RACH-less, successful HO can be confirmed upon the completion of contention resolution.
Based on above analysis, LTE RACH-less can be considered as baseline for RACH-less HO for mobile IAB served UEs.
Proposal 3: During mIAB-MT handover, RACH-less HO with a change of security key of the served UE should be supported. 
RACH-less applicability of other Rel-18 WIs
Except mobile IAB, RACH-less is also discussed in other Rel-18 WIs, e.g. LTM in Mobility enhancement and NR NTN. 
For LTM, the scenario is different from what we discussed here in mIAB, where the UEs are handed-over under intra-CU scenario. Considering LTM is still working in progress, the commonality of RACH-less HO between two WIs is not clear.
Observation 7: Considering LTM is still work in progress, the commonality for RACH-less HO between the two WIs is not yet clear. LTM RACH-less can be studied separately for intra-CU handover scenario.
As discussed in NR NTN, RACH-less HO may be helpful when the group of UEs perform intra and inter satellite handover, where RACH congestion and delay can be avoided. The TA of the target cell is signalled to the UE to be either the same as that used for the source cell or a computed value.  For mIAB, based on the assumption of two logical DUs collocated at the same mobile IAB-node, the TA for the target mIAB cell can be the same as that of the source mIAB cell (as in NTN). The rest of the steps, e.g. RACH-less configuration in RRCReconfiguration message for TA, UL grant, etc, trigger of security key change during RACH-less HO, HO confirmation, etc, could be common for NTN as well and similar to the LTE RACH-less design. 
Observation 8: Much of the procedure of RACH-less HO can be common between mobile IAB WI and NTN WI (if RACH-less HO is adopted).
Proposal 4: As much of the RACH-less HO design is expected to be common for different WIs and similar to the LTE RACH-less HO procedure, further discussions after initial agreements in the WIs can be in a common session,
Conclusion
In this contribution, we first discussed that RAN2 should confirm that legacy handover can be used by mobile IAB-cell served UE to gradually handover from the 1st logical DU to the 2nd one. Based on this assumption, there’s no need to further enhance CHO for mobile IAB served UEs. 
In the end, RACH-less handover is proposed to reduce signaling overhead for served UEs of mobile IAB. The commonality among WIs on RACH-less handover is also discussed.
In summary, we have following proposals and observations:
Handover of served UE
Proposal 1: RAN2 confirms that legacy handover procedure can be considered as baseline to handover mobile IAB-node’s served UEs from the 1st logical DU to the 2nd logical DU during mobile IAB-node’s full migration.
CHO of served UE
Observation 1: Signalling congestion peak can be avoided by the donor performing handover of the mIAB served UEs gradually from one logical DU to another. CHO also requires the same level of signalling and is not helpful during group mobility of mIAB served UEs and brings additional complexity. Instead of CHO, the source logical DU can request HO for the served UEs directly.
Observation 2: Same as normal UE, CHO can still be configured to mobile IAB-node’s served UEs, when considering other mobile IAB-nodes or stationary gNBs as CHO candidate. CHO does not need to be enhanced.
Proposal 2: For mobile IAB-node’s served UEs, CHO is not enhanced in Rel-18 mIAB.
RACH-less handover
Observation 3: The timing advance of served UEs is not changed during mobile IAB-node’s full migration.
Observation 4: Same as LTE RACH-less HO, the 2nd logical DU can provide UL grant to the served UE either via pre-allocation in RRC message or allow UE to monitor its PDCCH.
Observation 5: Similar as LTE RACH-less HO, mIAB served UEs can start to use new security key and trigger reconfiguration/ L2 reset, etc, upon applying the RRCReconfiguration message. 
Observation 6: Same as LTE RACH-less, successful HO can be confirmed upon the completion of contention resolution.
Proposal 3: During mIAB-MT handover, RACH-less HO with a change of security key of the served UE should be supported. 
RACH-less commonality
Observation 7: Considering LTM is still work in progress, the commonality for RACH-less HO between the two WIs is not yet clear. LTM RACH-less can be studied separately for intra-CU handover scenario.
Observation 8: Much of the procedure of RACH-less HO can be common between mobile IAB WI and NTN WI (if RACH-less HO is adopted).
Proposal 4: As much of the RACH-less HO design is expected to be common for different WIs and similar to the LTE RACH-less HO procedure, further discussions after initial agreements in the WIs can be in a common session,
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