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1. Introduction
The WID on Mobile IAB states the mobility enhancements for full migration as the objectives as follows [1]: 
	The detailed objectives of the WI are listed as follows:
· Define Procedures for migration/topology adaptation to enable IAB-node mobility, including inter-donor migration of the entire mobile IAB-node (full migration) [RAN3, RAN2]
· The mobile IAB-node can connect to a stationary (intermediate) IAB-node. Optimizations specific to the scenarios, where the mobile IAB-node connects to a stationary (intermediate) IAB-node, or where it directly connects to an IAB-donor-DU are de-prioritized.
· The mobility of dual-connected IAB-nodes is down-prioritized.
· Enhancements for mobility of an IAB-node together with its served UEs, including aspects related to group mobility. No optimizations for the targeting of surrounding UEs. [RAN3, RAN2]

Note: Solutions should avoid touching upon topics where Rel-17 discussions already occurred and where the topic was excluded from Rel-17, except for enhancements that are specific to IAB-node mobility.

· Mitigation of interference due to IAB-node mobility, including the avoidance of potential reference and control signal collisions (e.g. PCI, RACH). [RAN3, RAN2]

The following principles should be respected:

· Mobile IAB-nodes should be able to serve legacy UEs.

· Solutions providing optimization for Mobile IAB may entail Rel-18 UE enhancements, provided that such enhancements are backwards compatible


In this contribution, the details of mobility enhancements for Mobile IAB are discussed. 
2. Discussion 
2.1. RACH-less handover for Rel-18 UEs 

RAN2#119e reached the following agreement [2]: 

	· 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). 


On top of the above agreements, RAN2#121bis-e further discussed the RACH-less handover and reached the following consensus with various FFSes [3]: 

	· RACH-less for mIAB scenario, if agreed in the end, will cover only the case of same-TA. 

	· Feasibility of beam handling during RACH-less HO in the mIAB WI is FFS (and this need to be addressed for RACH-less to be supported for mIAB). 

· RAN2 discuss further the following options to support beam operation for the first UL transmission/DL reception towards the target logical DU in RACH-less HO during DU migration:

Option 1: (Explicit approach) Explicit beam information is included in HO command. FFS the details. 

Option 2: (Implicit approach) UE re-uses the same beam status as in the source cell (the beam information is not carried explicitly in HO command).
· RACH-less HO with same TA with security key change is in scope for served UEs during mIAB DU migration. FFS UL grant and HO completion procedure in mIAB RACH-less HO.


In LTE, the RACH-less handover is configured within MobilityControlInfo with the information of applicable timing advance (TA) and the uplink configuration including uplink grant as follows [4]. 

	MobilityControlInfo ::=

SEQUENCE {


targetPhysCellId




PhysCellId,


carrierFreq






CarrierFreqEUTRA



OPTIONAL,
-- Cond HO-toEUTRA2

[…]



makeBeforeBreak-r14



ENUMERATED {true}



OPTIONAL,
-- Need OR



rach-Skip-r14




RACH-Skip-r14




OPTIONAL,
-- Need OR



sameSFN-Indication-r14


ENUMERATED {true}



OPTIONAL
-- Cond HO-SFNsynced


]],
[…]

RACH-Skip-r14 ::=




SEQUENCE {


targetTA-r14




CHOICE {



ta0-r14






NULL,



mcg-PTAG-r14





NULL,



scg-PTAG-r14





NULL,



mcg-STAG-r14




STAG-Id-r11,



scg-STAG-r14




STAG-Id-r11


},


ul-ConfigInfo-r14



SEQUENCE {



numberOfConfUL-Processes-r14


INTEGER (1..8),



ul-SchedInterval-r14


ENUMERATED {sf2, sf5, sf10},



ul-StartSubframe-r14


INTEGER (0..9),



ul-Grant-r14




BIT STRING (SIZE (16))


}















OPTIONAL
-- Need OR

}


2.1.1. TA configuration aspects 
For the TA value, in LTE it was configured with either “0” or the latest TA value as above (i.e., targetTA), For mobile IAB-full migration, RAN2 agreed that “RACH-less for mIAB scenario, if agreed in the end, will cover only the case of same-TA”. In this case, there are two options whether the UE applies the current TA to the target cell implicitly or the UE follows the explicit configuration (i.e,, TA=0 or the latest TA value indicated) provided by Handover Command. 
If RACH-less handover is only supported for the mobile IAB, the implicit way is efficient in terms of signalling overhead.  On the other hand, if the RACH-less handover is also supported for other scenarios, i.e., the other Rel-18 WIs such as NTN and LTM as pointed out by some companies in the previous discussion, the explicit way will be needed. 
For now, just considering the mobile IAB scenario only, RAN2 should agree that the UE applies the latest TA value to the target cell when no explicit configuration is provided by Handover Command for RACH-less handover. Note that this implies if the explicit configuration is provided for other scenarios then the UE applies the explicit configuration for access to the target cell. 

Proposal 1 RAN2 should agree that the UE applies the latest TA value for access to the target cell when no explicit TA configuration is provided in Handover Command for RACH-less handover. It does not exclude the explicit TA configuration for other scenarios. 
2.1.2. UL grant aspects 

In LTE, the pre-allocated uplink grant and the dynamic grant were supported for RACH-less HO [5]: 

	-
If RACH-less HO is configured, the UE accesses the target cell via the uplink grant preallocated to the UE in the RRC message. If the UE does not receive the preallocated uplink grant in the RRC message from the source eNB, the UE monitors the PDCCH of the target cell;


For the pre-allocated uplink grant, in LTE the number of HARQ processes (i.e., numberOfConfUL-Processes), the scheduling interval (i.e., ul-SchedInterval), the start subframe (i.e., ul-StartSubframe) and the radio resource (i.e., ul-Grant) are provided for the periodic uplink grants to be used by the UE to transmit RRC Connection Reconfiguration Complete (i.e., Msg3). The pre-allocated uplink grant was needed since there is no Msg2 (which contained the uplink grant in RAR MAC PDU) due to the RACH-less handover procedure. 
For NR, a similar pre-allocated periodic uplink grant needs to be provided for the same reason. It’s feasible since NR already supports Configured Grant (CG), but it’s FFS whether to reuse the existing CG configuration (i.e,, ConfiguredGrantConfig [5]) or not (e.g., with some simplification). 
Regarding the Dynamic Grant (DG), it does not need the pre-allocated uplink grant (or CG). Instead, the UE monitors PDCCH of target cell and follows UL grant in the PDCCH. In our view in general, it will be possible for NR RACH-less handover but the resource efficiency is not so different from the pre-allocated uplink grant (or CG). The pre-allocated UL grant is considered as the baseline solution, so it’s unclear if it’s really needed to specify another option for the same purpose.  

For now, RAN2 should agree that the pre-allocated periodic uplink grant is provided by Handover Command. The details of pre-allocated UL grant configuration and whether DG should be supported are FFS. 
Proposal 2 RAN2 should agree that the pre-allocated periodic uplink grant is provided in Handover command for RACH-less handover. 

2.1.3. Beam information aspects 
The concept of beam sweeping was introduced for NR, so the RACH-less handover function in LTE didn’t need to consider this aspect. In the last meeting, RAN2 agreed the feasibility of beam handling is a prerequisite to support RACH-less handover. 
With regard to the message structure, RAN2#121bis-e identified the two options as following [3]: 

	· RAN2 discuss further the following options to support beam operation for the first UL transmission/DL reception towards the target logical DU in RACH-less HO during DU migration:

Option 1: (Explicit approach) Explicit beam information is included in HO command. FFS the details. 

Option 2: (Implicit approach) UE re-uses the same beam status as in the source cell (the beam information is not carried explicitly in HO command).


As clarified in the email discussion [7], Option 1 is more generic approach and has the potential to be commonly applicable to not only the mobile IAB but also various other scenarios. On the other hand, Option 2 is an optimized approach specific to a mobile IAB scenario, i.e., it’s valid only when both the source cell and the target cell are operated on the same frequency and the same resource with the same configuration. Though, Option 2 is efficient in terms of signalling overhead. 
Considering Option 2 cannot work even for other mobile IAB scenarios, e.g., the source cell and the target cell are operated on different frequencies, it’s obvious that Option 1 should be the baseline. In addition, Option 1 can be potentially reused for other scenarios like NTN and/or LTM. 

Proposal 3 RAN2 should agree that the explicit beam information may be configured by Handover Command for RACH-less handover, i.e., Option 1 Explicit approach. 
On the other hand, it was pointed out by proponents of Option 2 that it’s enough from their perspective that RACH-less handover can work only for a limited scenario. In addition, the signalling overhead can be optimized, which is more beneficial for the mobile IAB since the group handover of many UEs needs to be performed during the full migration. 
In this sense, as a harmonized approach, it would be considered that the “UE re-uses the same beam status as in the source cell” when the explicit beam information is not provided by Handover Command. 
Proposal 4 On top of Proposal 3, RAN2 should further agree that the UE re-uses the same beam status as in the source cell when no explicit beam information is provided by Handover Command, i.e., Option 2 Implicit approach is applied when Option 1 is not configured. 
With regard to the beam information, it should be clarified what should be included. In our understanding, the beam information implies the SSB index of the best beam from the target cell. In legacy handover, the UE can select the best beam from the target cell first, and it informs the target cell of the selected beam via PRACH (i.e., Msg1), i.e., through the PRACH resource associated with the selected beam. The gNB knows the selected beam when it receives Msg1, so it can apply this beam for Random Access Response transmission (i.e, Msg2). With this mechanism, Msg2 can be received by the UE. 

In RACH-less handover, UE does not send Msg1, so the target cell does not know which beam is the best from the UE’s perspective. It means the target cell won’t know on which beam Msg3 (RRC Reconfiguration Complete, the initial message from the UE) should be received. To resolve this issue, the two approaches would be considered as follows: 
· Approach 1: The “explicit beam information” is SSB index (or TCI state) to be applied to the pre-allocated uplink grant for RRC Reconfiguration Complete; or, 

· Approach 2: The “explicit beam information” is the mapping information of each pre-allocated uplink resource to each SSB. 
It’s considered that Approach 1 is more straightforward as the interpretation of the RAN2 agreement, i.e., “Option 1: (Explicit approach) Explicit beam information is included in HO command. FFS the details”. The target gNB needs to identify the SSB index to be included in Handover Command, but it’s feasible since the measurement results, which include RSRP/RSRQ/SINR for each SSB, have already included in the inter-node message for the handover request, i.e., HandoverPreparationInformation [5]. 
On top of the SSB index, the TCI state may be more generic information for RACH-less handover, since it includes SSB index if it’s used for the reference signal [5]. The TCI states can be configured by Handover Command, so the UE is only informed which TCI state ID should be used for the initial PUSCH transmission (i.e., RRC Reconfiguration Complete). 

On the other hand, Approach 2 is similar to the existing mapping between PRACH occasions and SSBs. In our view, with this approach, the UE selects the best beam from the target cell and send RRC Reconfiguration Complete within the associated UL resource. 
These approaches are feasible from RAN2’s perspective, while Approach 1 may be better in terms of resource efficiency. However, it may be necessary to consult with RAN1 before making the final decision. 
Proposal 5 RAN2 should discuss whether SSB index (or TCI state) associated with the pre-allocated uplink grant or the mapping of pre-allocated uplink resources to each SSB is provided in Handover Command, as the “explicit beam information”. It may be necessary to consult with RAN1. 
2.2. Conditional handover for legacy and Rel-18 UEs 
2.2.1. Legacy CHO aspects 
In RAN2#119bis-e, the three options for CHO during the full migration was discussed and reached the assumption as follows [5]. 

	From the QC tdoc, The following options O1 O2 O3 are considered: 

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)

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


RAN2#120 further discussed this issue and the chairman captured the following note [2]. 
	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 (i.e., the withheld RRC message delivery エラー! 参照元が見つかりません。) and Option 3 (i.e., the existing CHO trigger エラー! 参照元が見つかりません。, with the source cell power down and the target cell power up) are the existing mechanisms (with some implementations), so these can support legacy UEs without any specification change.   On the other hand, Option 2 (i.e., a new CHO trigger) can be applied only Rel-18 UEs. 

It’s considered that the network anyway needs to do either Option 1 or Option 3, as long as it serves legacy UEs; and it can also work for Rel-18 UEs.  So, there is no need to introduce any new CHO trigger (i.e., Option 2). 
It may be, however, worth confirming whether any (small) enhancement is needed especially for Option 1, since it’s related to F1AP specification. 
Observation 1 It may be worth being confirmed by RAN3 whether Option 1 (i.e., the withheld RRC message delivery) can work for the UE handover during the full migration. 
2.2.2. Applicability of CondEvent T1 
RAN2#121bis-e discussed whether to support CondEvent T1 for the mobile IAB scenario [3]
	· FFS: May support CHO with CondT1 if it is “for free”, i.e. if TS impact is just to slightly modify the description to make it also applicable to TN. 


In our understanding, there is no restriction to use CondEvent T1 for terrestrial network in TS38.331 [5]. 
The field description for CondReconfigToAddMod states that “For CHO, if network configures condEventD1 or condEventT1 for a candidate cell network configures a second triggering event condEventA3, condEventA4 or condEventA5 for the same candidate cell. Network does not configure both condEventD1 and condEventT1 for the same candidate cell.” In our view, CondEvent A4 (i.e., Neighbour becomes better than threshold) can be at least used and CondEvent D1 (i.e., based on UE location) is not needed for the mobile IAB scenario. 

So, it would be considered that CondEvent T1 can be used for free, as long as the UE implement the function. 

Observation 2 According to the current RRC specification, CondEvent T1 can be used for the mobile IAB scenario, as long as the UE implement the function. 
2.2.3. Rel-18 enhancements 
As a possible enhancement for CHO, in case RACH-less handover is introduced as discussed in section 2.1, the combination of these features would be worth considering. In our understanding, CHO is useful to distribute the signalling overhead caused by massive Handover Commands, which is the benefit in the source cell. On the other hand, RACH-less handover reduces number of PRACHs towards the target cell. So, these functions actually provide independent benefits for different cells (or different steps in overall handover procedure). So, such an enhancement should be discussed. 
Proposal 6 If RACH-less handover is introduced, RAN2 should discuss whether RACH-less handover can be also configured in Conditional Handover, i.e., Conditional Reconfiguration. 
3. Conclusion 
In this contribution, the Connected mode mobility enhancements for Mobile IAB are discussed; and the corresponding solutions are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should agree that the UE applies the latest TA value for access to the target cell when no explicit TA configuration is provided in Handover Command for RACH-less handover. It does not exclude the explicit TA configuration for other scenarios.
Proposal 2
RAN2 should agree that the pre-allocated periodic uplink grant is provided in Handover command for RACH-less handover.
Proposal 3
RAN2 should agree that the explicit beam information may be configured by Handover Command for RACH-less handover, i.e., Option 1 Explicit approach.
Proposal 4
On top of Proposal 3, RAN2 should further agree that the UE re-uses the same beam status as in the source cell when no explicit beam information is provided by Handover Command, i.e., Option 2 Implicit approach is applied when Option 1 is not configured.
Proposal 5
RAN2 should discuss whether SSB index (or TCI state) associated with the pre-allocated uplink grant or the mapping of pre-allocated uplink resources to each SSB is provided in Handover Command, as the “explicit beam information”. It may be necessary to consult with RAN1.
Observation 1
It may be worth being confirmed by RAN3 whether Option 1 (i.e., the withheld RRC message delivery) can work for the UE handover during the full migration.
Observation 2
According to the current RRC specification, CondEvent T1 can be used for the mobile IAB scenario, as long as the UE implement the function.
Proposal 6
If RACH-less handover is introduced, RAN2 should discuss whether RACH-less handover can be also configured in Conditional Handover, i.e., Conditional Reconfiguration.
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