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1. Introduction
In this contribution, we discuss the need of mobility enhancements for connected mode UEs for mobile IAB WI.  
2. Discussion 

In the RAN2#120, RAN2 discussed the need of enhancements for connected mode mobility but identified a significant bar for such enhancements. Such high bar is mainly because there is no clear clue that existing mechanisms are not sufficient. 
In this contribution, we discuss if the following enhancements can be considered for mIAB WI:  
· A. Mobility execution to a preconfigured target, with triggering by network indication (dedicated/common indication)  
· B. RACH-less handover. 
· C. CondT1 (time-based CHO) for TN 
In this contribution, we discuss the need of UE enhancements for connected mode mobility, i.e., the need of A, B, C 

2.1 	Mobility execution to a preconfigured target, triggered by network indication   
Overview of proposed solutions

There have been proposals to introduce mechanisms to enable mobility execution to a preconfigured target cell with network-triggered mobility execution. There are two possible mechanisms along with this direction, depending on triggering types:
· G1. Mobility execution to a preconfigured target, triggered by a common indication.
· G2. Mobility execution to a preconfigured target, triggered by a dedicated indication

For G1, the following observations can be made:
· G1 is essentially a group mobility since onboard UEs supporting G1 will perform handover simultaneously upon reception of the common indication. 
· G1 can avoid the issue of DL HO signalling storm that could be otherwise caused by triggering legacy network-initiated handover events to many UEs simultaneously. 
· G1 can give its own benefit in case simultaneous mobility events shall happen, which however means that G1 cannot give any benefit in case spreading out mobility events in time is better. 
· If the simultaneous mobility events are performed by a small number of UEs, the gain achievable by G1 is negligible. On the other hand, if the simultaneous mobility events are performed by a large number of UEs, simultaneous mobility events may result in side effects such as RACH congestion in the target.  
· Specification impact includes (but is not limited to): 
· Introduction of common indication (via RRC (BCCH or CCCH) or MAC CE or DCI/short message), which is a completely a new mechanism for mobility triggering. 
· To enable pre-configuration of the target cell configuration requires no/small specification impact for UE supporting CHO.
· A mechanism for RACH congestion alleviation needs to be developed along with G1.   
For G2, the following observations can be made:
· G2 is essentially network-triggered dedicated HO, i.e. mobility execution timing for individual UE is completely determined by network. G2 hence supports simultaneous mobility events and distributed mobility events.
· G2 tries to resolve DL HO signalling storm by preconfiguring a candidate cell in advance, which contributes most signalling overhead, to actual mobility timing and by sending HO triggering indication of a compact size.
· If G2 is applied to mobility events for UEs that shall happen simultaneously, there will be some signalling concentration due to signalling of the dedicated HO triggering indications to UEs, but the level of signalling concentration is not expected to overwhelming thanks to the compact size of the HO triggering indication. 
· Specification impact includes (but is not limited to): 
· Introduction of a dedicated indication (via RRCReconfiguration or MAC CE or DCI/short message), which is a completely a new mechanism for mobility triggering. 
· To enable pre-configuration of the target cell configuration requires no/small specification impact for UE supporting CHO.
· Further consideration
· In Rel-18 feMOB WI, RAN2 is developing a new mobility mechanism, called LTM, to enable optimized mobility events within preconfigured candidate cells. In the mechanism, mobility is triggered by MAC CE in dedicated manner. So, one may assume that LTM may provide Given that the main scenario of LTM is dense network deployments with medium/low UE mobility (i.e. it is limited to intra-CU mobility scenarios), LTM is not considered as an appropriate solution to resolve HO issues for onboard UEs.  
The above observations are summarized as follows
Observation 1: Mobility execution to a preconfigured target, triggered by network indication, aims to resolve DL HO signalling concentration. 
Observation 2: Mobility execution to a preconfigured target, triggered by a common indication, is applicable only when simultaneous mobility events are necessary, and it is not applicable when spreading out mobility events are sufficient. 
Observation 3: Mobility execution to a preconfigured target, triggered by a dedicated indication, is applicable to both cases i) when simultaneous mobility events are necessary, and ii) when spreading out mobility events are sufficient. 
Observation 4: Specification impact to support mobility execution to a preconfigured target, triggered by network indication is not significant but not considered trivial. This means that the necessity of this enhancement should be well justified by its necessity (and with the investigation of the consequence if not enhanced)  
Based on the observations above, we discuss if any enhancements to enable mobility execution to a preconfigured target, triggered by network indication, such as G1 and G2 can be justified.
Note again that the enhancements to enable mobility execution to a preconfigured target, triggered by network indication tries to resolve DL HO signalling storm. However, there is no clear clue that DL HO signalling concentration caused by legacy network-initiated handover events is really excessive. Radio resource of a cell should be sufficient to carry handover commands to multiple UEs as such events already happen in static cells where a group of UEs are moving or leaving jointly, because simultaneous mobility events are already what we are experiencing and handling today in commercial networks. It is unlikely that more than thousands of passengers are onboarding and they need concurrent handovers. Even if there is some DL congestion due to active resource utilization by DRBs across UEs prior to the expected handover timing, network can decide to reduce DL scheduling and also possibly UL scheduling to reserve sufficient radio resources for pending handover commands. If DL signalling storm is not a real problem but just a hypothetical issue of interest to solve, we should not try solving it.  
Observation 5: DL HO signalling storm caused by dedicated (non-CHO) HO signalling can be alleviated by a proper network implementation (e.g., reducing DL/UL scheduling prior to the expected handover timing) for reasonable number of onboard UEs. This implies that the motivation of pre-configuration based HO is weak.  
Currently pre-configuration of a target cell is already possible in CHO, where Event3/4/5 can be used to trigger handovers to UEs supporting CHO without any modification, because UE can identify source cell and target cell as two different cell. RAN2 already agreed to assume that source DU cell and target DU cell are distinguished as two different cells, and RAN3 also agreed that source DU cell and target DU cell should have different NCGI, i.e., logically two different cell. If they are two different cell in a logical sense, it is illogical to make them undistinguishable in L1. Since source DU cell and target DU cell are always distinguished as two different cells in L1/L2/L3 point of view, existing conditional mobility executions can be applied. 
Observation 6: When simultaneous CHOs by onboard UEs are needed, existing event A3/A4/A5 applicable for CHO can trigger simultaneous CHOs, assuming that source DU and target DU cell are distinguishable in L1/L2. 
Based on the observation 1 to observation 6, we conclude that a new mechanism to enable mobility execution to a preconfigured target, triggered by network command cannot be justified . 
Proposal 1: Do not consider enhancements to enable mobility execution to a preconfigured target, triggered by network indication (common/dedicated).  

2.2 	RACH-less HO for UE mobility 
Obviously RACH-less handover is technically feasible, but more important question is about the feasibility of supporting RACH-less L3 handover in what scope in Rel-18, given limited TU budget for mIAB WI. 
Q1. Is RACH-less handover really necessary for mobile IAB scenarios? 
We are not convinced if RACH-less handover is really necessary for mobile IAB scenarios. 
RACH-less handover could be considered as means to alleviate RACH collision/RACH signalling storm in case of massive number of concurrent handovers of UEs served by mIAB node. However, we do not think it is a common scenario that a mIAB node is serving massive number of UEs so that their concurrent handovers become really problematic. 
RACH-less handover could be considered as means to reduce HO interruption. However, we do not think that UE mobility within mobile IAB node should be further optimized beyond what we do target for UE in static TN networks (other than LTM in which dynamic mobility is well motivated).
We think existing mobility mechanisms such as normal L3 handover and CHO is sufficient to control UEs served by mIAB in most cases. 
Proposal 2: RACH-less L3 handover is not well justified for UEs in mAIB. 

Q2. What is the specification impact of supporting RACH-less HO?
We foresee the following issues to be addressed to support RACH-less L3 handover:  
· Q2-1. How to acquire timing advance of the target cell? (we think this is the most outstanding issue)
· Do we need to support RACH-less HO in case TA is not identical between source and target cell? Or, do we need to restrict RACH-less HO to the case where TA is identical between source and target?
· If TA of the target cell is not identical to that of the source, how TA for the target cell can be provided to UE? Should handover command should be able to include TA value?
· Q2-2. How to acquire beam of the target cell?
· Should handover command be able to indicate beam information? What beam information should be indicated (e.g., TCI state) within handover command?  
· Is it allowed for UE to apply source cell beam (e.g., TCI state) to the target cell, after handover? If so, in which condition such TCI state inheritance is allowed?  
· Q2-3. How to provide UL grant for handover complete message? 
· Do we allow handover command to provide dynamic grant or configured grant for sending handover complete message, or do we assume that UE needs to request UL grant after HO by sending BSR to the target? 
The above issues must not be exhaustive but only outstanding ones. There may be several small issues to further discuss. So, we believe that even if RACH-less handover is justified somehow for mIAB scenarios, the discussion scope should be strictly limited. 
To limit the discussion scope, it would be good to review on-going discussion related to RACH-less mobility happening in other WI, with the aim reuse the mechanisms developed there as much as possible, if applicable for mIAB.  
RACH-less handover is being considered for Rel-18 NTN. In NTN, we note that LTE RACH-less HO is taken as baseline. For RACH-less handover in NTN, UE derives TA of the target cell based on ephemeris information of the target cell’s satellite. 
In Rel-18 feMOB WI, RACH-less LTM is being introduced. To support RACH-less LTM to a target cell having TA different from that of source cell is supported, cell switching command can indicate TA value for target cell. To enable target cell to get the applicable TA value, UE is ordered to send PRACH to the target cell, based on PRACH configuration of the target cell already configured as candidate cell configuration. In LTM, RACH-less LTM cell switch command can indicate TCI state for the concerned physical channel of target cell.
RACH-less LTM seems to address most of the outstanding issues required to support RACH-less mobility. But it is not clear if mechanism developed to enable RACH-less LTM can be directly reused for RACH-less L3 handover. To elaborate, let us consider two scenarios:
a) Handover scenario where TA is not identical between source cell and target cell: To support RACH-less L3 handover for the scenario, UE may need to be ordered to transmit PRACH to candidate cell if we follow LTM approach. 
But in the current RRC configuration structure for L3 handover, PRACH transmission to a non-serving cell is not possible. To enable PRACH transmission to a non-serving cell, RAN2 needs to design new signalling, which may not be a simple addition, and RAN3 may need to enhance inter-node signalling, and RAN1/RAN4 also needs to be involved to discuss PRACH transmission, introduced potential gap and performance requirements, etc. We doubt if TU budget is sufficient for this amount of work to support RACH-less handover with non-identical TA. 
b) Handover scenario where TA is identical between source and target cell: source TA can be reused after RACH-less HO. Then, no new mechanism to enable acquisition of TA for the target cell needs to be introduced for L3 handover, and therefore we believe that specification impact to support RACH-less handover with identical TA would be substantially reduced.   
Observation 7: Support for RACH-less handover with non-identical TA would require substantial discussion and specification impact in RAN2 and possibly other RAN WGs. On the other hand, specification impact to support for RACH-less handover with identical TA would be relatively limited.  
Based on the observation, we believe that RACH-less handover with non-identical TA cannot be accommodated within the mIAB TU budget. RACH-less handover with identical TA may be fit to the mIAB TU budget, given that its scope is well defined and trimed. 
Proposal 3: If RACH-less handover is considered, handover with identical TA is only considered. 
2.3 	Time-based conditional mobility (CondT1) for UE mobility 
In case IAB-MT mobility trajectory is somehow predictable, the mobility events of onboard UEs can be somehow predictable. Assume that network uses CHO to alleviate DL HO signalling concentration. If the network wants to control the CHO execution timing across UEs, it can configure the threshold of event A3/A5/A5 differently to different UEs. However, if onboard UEs are placed closely each other, the mobility execution events will be met within a short time window, i.e. the desired mobility event distribution across UEs in time may not be achieved. 
If time-based CHO execution condition is applicable for onboard UEs, distribution of CHO execution timing across UEs would be easier. Currently time-based CHO condition is only supported in NTN, where CondT1 can be configured to control time window [T1, T2] in which CHO execution is allowed. Note that CondT1 should be jointly configured with one of radio conditions (Ax events). By configuring/distributing T1 across UEs, network can effectively distribute CHO execution timing for those UEs. No real specification effort is needed to make condT1 applicable for onboard UEs becase we only need to lift the restriction of the applicability of condT1. 
Observation 8. If time-based CHO execution condition is applicable for onboard UEs, distribution of CHO execution timing across UEs can be easier in predictable IAB-MT mobility scenarios. 
Observation 9. Existing CondT1 mechanism, which is only applicable to NTN, is sufficient to distribute mobility events of onboard UEs. No specification effort is needed to make CondT1 applicable in TN. 
Proposal 4: To consider making CondT1 applicable to TN.  

3. Conclusion 
We discuss the need for connected mode mobility enhancements for onboard UEs and provides the following observations and proposals.  
Mobility execution to preconfigured target, triggered by network indication 
Observation 1: Mobility execution to a preconfigured target, triggered by network indication, aims to resolve DL HO signalling concentration. 
Observation 2: Mobility execution to a preconfigured target, triggered by a common indication, is applicable only when simultaneous mobility events are necessary, and it is not applicable when spreading out mobility events are sufficient. 
Observation 3: Mobility execution to a preconfigured target, triggered by a dedicated indication, is applicable to both cases i) when simultaneous mobility events are necessary, and ii) when spreading out mobility events are sufficient. 
Observation 4: Specification impact to support mobility execution to a preconfigured target, triggered by network indication is not significant but not considered trivial. This means that the necessity of this enhancement should be well justified by its necessity (and with the investigation of the consequence if not enhanced)  
Observation 5: DL HO signalling storm caused by dedicated (non-CHO) HO signalling can be alleviated by a proper network implementation (e.g., reducing DL/UL scheduling prior to the expected handover timing) for reasonable number of onboard UEs. This implies that the motivation of pre-configuration based HO is weak.  
Observation 6: When simultaneous CHOs by onboard UEs are needed, existing event A3/A4/A5 applicable for CHO can trigger simultaneous CHOs, assuming that source DU and target DU cell are distinguishable in L1/L2. 
Proposal 1: Do not consider enhancements to enable mobility execution to a preconfigured target, triggered by network indication (common/dedicated).  

RACH-less L3 handover
Proposal 2: RACH-less L3 handover is not well justified for UEs in mAIB. 
Observation 7: Support for RACH-less handover with non-identical TA would require substantial discussion and specification impact in RAN2 and possibly other RAN WGs. On the other hand, specification impact to support for RACH-less handover with identical TA would be relatively limited.  
Proposal 3: If RACH-less handover is considered, handover with identical TA is only considered. 

Time-based handover 
Observation 8. If time-based CHO execution condition is applicable for onboard UEs, distribution of CHO execution timing across UEs can be easier in predictable IAB-MT mobility scenarios. 
Observation 9. Existing CondT1 mechanism, which is only applicable to NTN, is sufficient to distribute mobility events of onboard UEs. No specification effort is needed to make CondT1 applicable in TN. 
Proposal 4: To consider making CondT1 applicable to TN.  
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O1) message withholding by the logical source IAB-DU with conditional delivery, e.g., upon on MT migration, 
O2) 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). 
O3) legacy CHO (with implementation specific behaviour, e.g. using source-cell power down or target cell power up triggering the actual HO)

RAN2 assumes that O1 and O3 above could work, and FFS if O2 above (new trigger etc) is needed. 




RAN2#120 agreement
	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. 

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 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. 
 




1

7

