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1 Introduction
[bookmark: _Hlk61519723]WID of mobile IAB (RP-213601) was agreed in RAN#94e [1]. The related WID objectives on mobility enhancement are summarized below.
· 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]
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 RAN2#119-e [2], CHO and RACH-less HO were agreed in scope of mobility enhancement for mobile IAB:
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. 

In RAN2#121b-e [3], RAN2 made some progress on RACH-less HO and CHO enhancement. But FFSs are left.
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.
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 this contribution, we share our view on RACH-less HO and CHO enhancement in mobile IAB.

2 Discussion  
[bookmark: _Ref54102585][bookmark: _Ref54102582]2.1 RACH-less HO 
In RAN2#121b-e [3], mobile IAB WI agreed RACH-less HO with same TA is in scope, but the feasibility of beam handling is FFS.
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.

We noticed NTN WI also discussed RACH-less HO. Baseline procedure similar to LTE RACH-less HO has been agreed, and basic beam handling mechanism was also agreed with LS to RAN1 as highlighted below: 
Agreements via email – from offline 109:
1. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
2. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
3. RAN2 confirms the general UE procedure for NTN RACH-less HO 
	1.	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
	2.	start timer T304 for the target cell (RRC)
	3.	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
	4.	start time alignment timer (MAC)
	5.	monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
	6.	send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
	7.	consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
	8.	stop timer T304 for the target cell. (RRC)
	FFS whether to release UL grant if pre-allocated after RACH-less HO completion
	FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell
	FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
4.	The pre-allocated grant is provided as type-1 CG
5.	Send an LS to RAN1 informing RAN2 agreements on NTN RACH-less HO and check RAN1 views on the following aspects:
	1. whether the pre-allocated grant is provided with association to SSBs; if so, whether a RSRP threshold is configured for SSB selection.
	2. to monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam indication can be provided in RACH-less HO command.
	3. power control for initial UL transmission


Agreements online:
1. At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant
2. Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.


Clearly, NTN has agreed to consider below two beam handling to check with RAN1:
1) HO command provides Type-1 CG with associated SSB and RSRP threshold as pre-allocated grant.
· The UE behavior is same as beam selection in CG based SDT.
2) HO command provides beam indication for monitoring PDCCH of initial UL transmission in target cell, if pre-allocated grant is not provided. 
· The UE behavior is to monitor PDCCH with assumption that its transmit beam is same as the indicated TCI.
Observation 1: In RAN2#121b-e, NTN WI has agreed baseline RACH-less procedure similar to LTE RACH-less HO
Observation 2: In RAN2#121b-e, NTN WI has agreed below two basic beam handling mechanisms with LS to check RAN1:
1) HO command provides Type-1 CG with associated SSB and RSRP threshold as pre-allocated grant. The UE behavior is same as beam selection in CG based SDT.
2) HO command provides beam indication (TCI) to monitor PDCCH of initial UL transmission in target cell, if pre-allocated grant is not provided. The UE monitors PDCCH with the beam indicated by TCI.
We see no reason why the above two beam handling mechanisms can't work for RACH-less HO in mobile IAB. In addition, during discussion of RAN2#121b-e [3], we think that the only one IAB specific technique concern is that the UE may have no time to measure the target DU because the target DU is power up only when an inter-CU migration is triggered. However, we think this issue can be addressed by below 2 aspects:
· Rely on always-on SSB for beam measurements of target DU. 
· Legacy beam selection for RACH in HO also rely on UE's reporting of beam measurements towards target cell, according to below copy from Section 9.2.3.2.1 of TS 38.300 [4]. If this is an issue for beam handling in RACH-less HO, there will be same issues in RACH based legacy HO.    
From Clause 9.2.3.2.1 of TS 38.300:
....
3. The source gNB issues a Handover Request message to the target gNB passing a transparent RRC container with necessary information to prepare the handover at the target side. The information includes at least the target cell ID, KgNB*, the C-RNTI of the UE in the source gNB, RRM-configuration including UE inactive time, basic AS-configuration including antenna Info and DL Carrier Frequency, the current QoS flow to DRB mapping rules applied to the UE, the SIB1 from source gNB, the UE capabilities for different RATs, PDU session related information, and can include the UE reported measurement information including beam-related information if available. The PDU session related information includes the slice information and QoS flow level QoS profile(s). The source gNB may also request a DAPS handover for one or more DRBs.
....
6. The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the UE, containing the information required to access the target cell: at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms. It can also include a set of dedicated RACH resources, the association between RACH resources and SSB(s), the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and system information of the target cell, etc.
...
The common RACH configuration for beams in the target cell is only associated to the SSB(s). The network can have dedicated RACH configurations associated to the SSB(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell. The target gNB can only include one of the following RACH configurations in the Handover Command to enable the UE to access the target cell:
i) Common RACH configuration;
ii) Common RACH configuration + Dedicated RACH configuration associated with SSB;
iii) Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.
The dedicated RACH configuration allocates RACH resource(s) together with a quality threshold to use them. When dedicated RACH resources are provided, they are prioritized by the UE and the UE shall not switch to contention-based RACH resources as long as the quality threshold of those dedicated resources is met. The order to access the dedicated RACH resources is up to UE implementation.
Observation 3: During discussion of RAN2#121b-e, the only IAB specific technique concern is that the UE may have no time to measure the target DU because the target DU is power up only when an inter-CU migration is triggered. However, this issue can be addressed by below 2 aspects:
1) Rely on always-on SSB for beam measurements of target DU 
2) Legacy beam selection in RACH during HO also rely on UE's reporting of beam measurements towards target cell. Thus, the issue is common for both RACH-less and RACH based legacy HO.    
Based on above analysis, we propose that beam handling in RACH-less HO of mobile IAB is feasible, and the whole RACH-less HO procedure agreed in NTN WI can be reused, to avoid duplicated specification efforts. 
Proposal 1: Because two basic beam handling mechanisms have been agreed in NTN RACH-less HO with LS to check RAN1, RAN2 confirm that beam handling during RACH-less HO in mobile IAB is feasible, and RACH-less HO with same TA is supported.
Proposal 2: RAN2 confirm the RACH-less HO procedure agreed in NTN WI can be reused in mobile IAB. To avoid duplicated efforts, mobile IAB WI leaves further RACH-less HO discussion to NTN WI.  
2.2 CHO enhancement
In RAN2#121b-e [3], CHO enhancement was discussed, and it is FFS whether to support CHO with CondT1 for mobile IAB.
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-	AT&T think this is aligned with the AT&T problem scenario. 
-	CATT think the enhancement cmp to legacy HO is small. .
-	AT&T think that also the timing is important, and CHO has less dependency to real time restrictions. 
-	Ericsson think that once CHO can be configured then also legacy HO can be done. 
-	Chair: there is some support and some opposition. 
-	Apple wonder if the UE need to support GNSS. LG think T1 is based on absolute time. 
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. 

Because the FFS requires analysis of the TS impact, we provide a brief overview of existing CondT1. According to TS 38.300 [4], TS 38.331 [5] and TS 38.306 [6], the key points of CondT1 can be summarized below:
1) CondT1 is only applicable to NTN, as specified in TS 38.306 [6].  
	timeBasedCondHandover-r17
Indicates whether the UE supports time based conditional handover, i.e., CondEvent T1 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A


2) CondT1 is based on absolute UTC time (i.e. Threshold of T1 is UTC time) as specified in TS 38.331 [5]. 
· The absolute UTC time (rather than relative timer) is used because it is not easy for gNB to pre-calculate RTT time of NTN. And NTN UE is always equipped with GNSS.   
        condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        }
	duration
This field is used for defining the leaving condition T1-2 for conditional HO event condEventT1. Each step represents 100ms.

	t1-Threshold
The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900).


3) CondT1 is always configured together with one of the measurement-based trigger conditions Ax (i.e. CHO events A3/A4/A5). Only when both CondT1 and CondAx are fulfilled at the same time, UE will consider the target candidate cell as a triggered cell (i.e. AND between CondT1 and Cond Ax).
· AND (rather than OR) is specified because the time in CondT1 is to indicate the arriving time of the target cell due to fixed satellite moving pattern. Thus, the UE is allowed to execute HO only when both conditions are fulfilled.    
From Clause 5.3.5.13.4 of TS 38.331:
....
2> if event(s) associated to all measId(s) within condTriggerConfig for a target candidate cell within the stored condRRCReconfig are fulfilled:
  3> consider the target candidate cell within the stored condRRCReconfig, associated to that condReconfigId, as a triggered cell;
  3> initiate the conditional reconfiguration execution, as specified in 5.3.5.13.5;
Observation 4: The key points of existing CondT1 can be summarized below:
1) CondT1 is only applicable to NTN
2) CondT1 is based on absolute UTC time (i.e. Threshold of T1 is UTC time)
3) CondT1 is always configured together with one of the measurement-based trigger conditions (i.e. CHO Ax events A3/A4/A5). Only when both CondT1 and CondAx are fulfilled at the same time, UE will consider the target candidate cell as a triggered cell (i.e. AND between CondT1 and Cond Ax).
Thus, if CondT1 is supported in TN, we think these 3 aspects all need specification changes. Specifically, the changes should include:
1) Specification change in TS 38.306 to allow non-NTN UE to apply CondT1.
2) Specification change in TS 38.331 to allow non-NTN UE without equipping GNSS to apply CondT1.
· For example, CondT1 can be revised to use time of source DU for non-NTN UEs. 
· As another example, add procedure text that after configured with CondT1, non-NTN UEs need to obtain SIB9 to acquire UTC time.     
3) Specification change in TS 38.331 to use "OR" (rather than "AND") between CondT1 and CondAx to determine whether the target candidate cell as a triggered cell.
· Please note that different from NTN, surrounding UEs served by mobile IAB DU may move to cell boundary before DU migration is triggered (i.e. before CondT1 is fulfilled). In this case, these UE should execute HO immediately.   
Observation 5: To allow non-NTN UE without equipping GNSS to apply CondT1, CondT1 can be revised to use time of source DU (i.e. not UTC time) for non-NTN UEs. Or a new procedure text can be added that after configured with CondT1, non-NTN UEs need to obtain SIB9 to acquire UTC time. 
Observation 6: Different from NTN, surrounding UEs served by mobile IAB DU may move to cell boundary before DU migration is triggered (i.e. before CondT1 is fulfilled). In this case, these UE should execute HO immediately.      
We are not sure whether it is worth pursuing these specification changes to support CondT1 in mobile IAB. Thus, we suggest RAN2 to discuss the necessity.
Proposal 3: RAN2 confirm below specification changes are needed, if CondT1 is supported in mobile IAB.
1) Specification change in TS 38.306 to allow non-NTN UE to apply CondT1.
2) Specification change in TS 38.331 to allow non-NTN UE without equipping GNSS to apply CondT1.
3) Specification change in TS 38.331 to use "OR" (rather than "AND") between CondT1 and CondAx to determine whether the target candidate cell as a triggered cell.
3 Conclusion
In this contribution, we discuss remaining issues of RACH-less handover and CHO enhancement for Rel-18 mobile IAB. 
RACH-less HO
Our observations are:
Observation 1: In RAN2#121b-e, NTN WI has agreed baseline RACH-less procedure similar to LTE RACH-less HO
Observation 2: In RAN2#121b-e, NTN WI has agreed below two basic beam handling mechanisms with LS to check RAN1:
1) HO command provides Type-1 CG with associated SSB and RSRP threshold as pre-allocated grant. The UE behavior is same as beam selection in CG based SDT.
2) HO command provides beam indication (TCI) to monitor PDCCH of initial UL transmission in target cell, if pre-allocated grant is not provided. The UE monitors PDCCH with the beam indicated by TCI.
Observation 3: During discussion of RAN2#121b-e, the only IAB specific technique concern is that the UE may have no time to measure the target DU because the target DU is power up only when an inter-CU migration is triggered. However, this issue can be addressed by below 2 aspects:
1) Rely on always-on SSB for beam measurements of target DU 
2) Legacy beam selection in RACH during HO also rely on UE's reporting of beam measurements towards target cell. Thus, the issue is common for both RACH-less and RACH based legacy HO.    

Based on observations, our proposals are:
Proposal 1: Because two basic beam handling mechanisms have been agreed in NTN RACH-less HO with LS to check RAN1, RAN2 confirm that beam handling during RACH-less HO in mobile IAB is feasible, and RACH-less HO with same TA is supported.
Proposal 2: RAN2 confirm the RACH-less HO procedure agreed in NTN WI can be reused in mobile IAB. To avoid duplicated efforts, mobile IAB WI leaves further RACH-less HO discussion to NTN WI.  

CHO enhancement
Our observations are:
Observation 4: The key points of existing CondT1 can be summarized below:
1) CondT1 is only applicable to NTN
2) CondT1 is based on absolute UTC time (i.e. Threshold of T1 is UTC time)
3) CondT1 is always configured together with one of the measurement-based trigger conditions (i.e. CHO Ax events A3/A4/A5). Only when both CondT1 and CondAx are fulfilled at the same time, UE will consider the target candidate cell as a triggered cell (i.e. AND between CondT1 and Cond Ax).
Observation 5: To allow non-NTN UE without equipping GNSS to apply CondT1, CondT1 can be revised to use time of source DU (i.e. not UTC time) for non-NTN UEs. Or a new procedure text can be added that after configured with CondT1, non-NTN UEs need to obtain SIB9 to acquire UTC time. 
Observation 6: Different from NTN, surrounding UEs served by mobile IAB DU may move to cell boundary before DU migration is triggered (i.e. before CondT1 is fulfilled). In this case, these UE should execute HO immediately.      

Based on observations, our proposals are:
Proposal 3: RAN2 confirm below specification changes are needed, if CondT1 is supported in mobile IAB.
1) Specification change in TS 38.306 to allow non-NTN UE to apply CondT1.
2) Specification change in TS 38.331 to allow non-NTN UE without equipping GNSS to apply CondT1.
3) Specification change in TS 38.331 to use "OR" (rather than "AND") between CondT1 and CondAx to determine whether the target candidate cell as a triggered cell.
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