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Introduction
In RAN#97-e the latest WID for Rel-18 mobile IAB was agreed [1]. The objectives of the WID are the following: 
	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
RAN4 is expected to study impact on RF and RRM requirements:
· Conduct co-existence study to assess the impact of moving cells. Based on the study outcome, specify RF and RRM requirements and mechanisms for the mobile IAB-node to enable co-existence, if needed. 
· Specify RRM requirements for the mobile IAB-node to enable IAB-node mobility, if needed.



In this contribution, we further discuss on the following aspects. 
· Group mobility handling
· Adoption of RACH-less HO#
· CHO event T1
Discussion
Group mobility solution
In RAN2#121 there were no agreement made in the last R2 meeting, but majority view was to consider the delayedRRCReconfiguration method, and legacy CHO as the solution. The purpose of this enhancement for mIAB cell is to reduce the signaling surges when legacy handover procedure is used upon full migration of the mIAB node. For this purpose, there were proposals on the possible solutions for handling this access UEs’ group mobility. Here we analyze the pros and cons to determine the best solution for the scenario concerned. 
Before the comparison the solutions some principles should be established: 
Observation 1. In any case, turning on the target cell should be before the UE attempts a handover to avoid handover failure.
Observation 2. Any type of handover command needs to be given to the UE via the source cell.
Based on this, following is analysis on each mIAB node’s mobility solutions.
Solution 1: Using delayed RRCReconfiguration 
Description: mIAB’s DU withholds the UE’s handover command, i.e the RRCReconfiguration, until the condition is met. Here the condition could be that at least target parent cell is turned on, or some equivalent network operation which mIAB is able to be aware of, such as F1 migration completion or mIAB’s handover completion to target donor node. Upon the condition being fulfilled, the mIAB DU starts to transmit this withheld RRCReconfiguration to the UEs via source cell (i.e., mIAB’s logical DU cell associated with source donor), and the UEs will execute the handover to the target cell (i.e., mIAB’s logical DU cell associated with target donor). Originally delayed RRCReconfiguration was introduced in R17 for the purpose of RAN3. We don’t see much difference between the original intention of introducing delayed RRCReconfiguration and this use case. The proposed one here is almost same as that, except that DU sends the withheld RRCReconfiguration to its UEs. However, the same F1AP message is used and MT is also regarded as a UE in CU/DU perspective, so there is no spec changed is expected.
Pros: 
· No restriction with the source donor connection. DU can store this handover command message and provide this regardless of mIAB’s connection with the source donor node. (note that to have target cell turned on, mIAB needs to connect to the target donor and disconnect with the source donor due to the legacy RRC based handover). 
· The exact time of handover execution is guaranteed. 
· In other aspect, the time to transmit HO command to each access UE is up to the DU’s implementation, so it can reduce DL signaling surge by spreading the HO command transmission time out at the scheduler level. 
· Legacy UEs can be supported.
Cons: 
· Even transmission time of HO command can be spread out the HO command still needs to be sent.

Solution 2: Using enhanced conditional handover
Description: the target cell configuration is given to the UE a priori. The indication via broadcast / PDCCH common DCI would be a new condition to trigger CHO for all the UEs configured with this new CHO. After mIAB finishes the F1 migration to the target donor, the CHO trigger can be indicated via source cell. 
Pros: 
· Less signaling. Single signal to execute the all the UE’s HO. 
· The exact time of handover execution is guaranteed. 
Cons: 
· New feature. RAN2 and RAN3 spec are impacted. Legacy UE cannot support this. 
· Assuming first target cell’s turned-on and next source cell’s off, there is no difference with legacy CHO.

Solution 3: Using legacy conditional handover
Description: target cell configuration is given a priori. Serving cell link quality and target cell link quality are considered at the same time using the conditional handover event A3. With target cell already turned on, the serving cell being turned off can trigger the execution of CHO. 
Pros: 
· No spec impact. Legacy UE can apply.
· No need for HO command signaling 
· The exact time of handover execution is guaranteed. 
Cons: 
· There could be more HO interruption time than Solution 1 and 2. However, fine tuning of TTT for CHO condition evaluation can neutralize this interruption time to marginal.
· There could be legacy UE (R15) which cannot support CHO.

Based on the above we note the following: Enhanced CHO using explicit trigger indication has similar performance but has significant spec impact compared to the legacy CHO, and is the most difficult to solve regarding the compatibility issue. Legacy CHO has less compatibility issues but has no DL signaling surge. Delayed RRCReconfiguration method is the best for the compatibility issue but still there is HO command signaling with, but less surge than legacy normal handover. Thus we propose the following:
Proposal 1. RAN2 conclude that delayedRRCReconfig and legacy CHO can be considered for the mIAB’s mobility solution for full migration.
Even the current proposed form of new CHO using the explicit indication for the trigger seems not to have so strong motivation, but there would may be other demand or requirements for other aspects after further RAN3 has determined the full migration procedure. So we can keep CHO on the table and further discuss the enhancement from other aspects based on the raised issue/requirement.
Proposal 2. RAN2 to keep the enhancement of CHO as a candidate solution for UE’s handover upon mIAB’s full migration and further discuss based on the raised issue/requirement.

Introduction of RACH-less handover
RACH less handover was introduced in LTE Release 14. The purpose of legacy random access is to synchronize and get access to further grants to complete the handover procedure, i.e to gain the TA and UL grant. Without RACH, the needs to be provided with the above in advance. Thus in LTE RACH-less handover the network provides the UL grant and TA value to the UE in advance. The difference compared to directly scheduling a UE is that the exact time that UE is trying to access the target cell, so the UE is replaced with a continuous UL grant which is an UL resource with semi-persistently reserved in time. One of the main limitations of RACH-less is that the TA value that can be signaled are limited to TA equaling 0, PTAG or STAG. In other words, either the TA value is zero, or the TA of the source cell is the same as the target cell. 
In mIAB case, group handover upon execution of the full migration is the main motivation compared to the LTE handover. Moreover, since UEs are mostly fixed in relation to the mIAB cell the transition from source cell to the target cell would be very fast. Therefore, using the same TA values in the source cell for each UE, and reusing them for the target cell access can be easily pursued. 
Thus the drawbacks of LTE RACH-less would not be considered drawbacks for the purpose of mIAB. 
In NR NTN, NR RACH-less has been discussed extensively. The main reason for using RACH-less is because of the NTN Rel-17 introduced capabilities of the UE being able to estimate and apply the TA autonomously. In RAN2#121bis-e some agreements have already been taken and below we have crossed out the NTN-specific parts of the agreements: 
Agreements:
1. In Rel-18 we don’t aim at RACH-less HO for NTN-TN mobility
2. For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command
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.

In RAN2#121bis-e meeting the following agreements were taken: 
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.

Looking at the agreements in NR NTN, we can see that it largely follows LTE RACH-less but with a few important modifications. For the UL grant, the pre-allocated RACH-less grant is the type-1 CG and handover is completion is when RRCReconfigurationComplete is sent and confirmation in MAC is through receiving UE CRI MAC CE. This should be the same for mIAB. For supporting beam operation, NR NTN is currently working on addressing this issue and an LS to RAN1 with the question on whether the pre-allocated grant is associated with SSBs [3]. Given all of this together, we propose the following: 
Proposal 3. RACH-less HO with same TA with security change for served UEs can be confirmed to be supported for mIAB DU migration. UL grant and HO completion follows NR NTN approach. 
Proposal 4. Beam operation (explicit, implicit or other approaches) in RACH-less HO for mIAB can be discussed upon RAN1 reply LS to NR NTN LS. 
CHO event T1
In RAN2#121bis-e an FFS regarding the NR NTN CHO event T1 was captured: 
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. 

The condEventT1 was introduced in NR NTN to allow for timed handovers in CHO. This was deemed needed as it is considered to be a lot easy to predict when a handover is to occur in a non-terrestrial network owing to the predictable orbits of a satellite. Similarly, in mIAB the handovers may also be rather predictable, especially as the CU controls the mIAB DU that changes. The condEventT1 is defined as: 
	5.5.4.16	CondEvent T1 (Time measured at UE is within a duration from threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition T1-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition T1-2, as specified below, is fulfilled;
Inequality T1-1 (Entering condition)

Inequality T1-2 (Leaving condition)

The variables in the formula are defined as follows:
Mt is the time measured at UE.
Thresh1 is the threshold parameter for this event (i.e. t1-Threshold as defined within reportConfigNR for this event).
Duration is the duration parameter for this event (i.e. duration as defined within reportConfigNR for this event).
Mt is expressed in ms.
Thresh1 is expressed in the same unit as Mt.
Duration is expressed in the same unit as Mt.



The condEventT1 is also required to be configured with another conditional handover event (condeventA3, condEventA4 or condEventA5), due to the risk of the condEventT1 causing a handover to be triggered to a cell with bad signal quality.  
The condEventT1 does not rely on any specific NTN feature and could in principle be a standalone feature. However, when many of the NTN features were specified, somewhat artificial restrictions in the capabilities were introduced. The only dependency on NTN is the one introduced in 38.306, highlighted below: 
	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



To support this feature for mIAB or a terrestrial network, the artificial restriction tying the capability to NR NTN needs to be lifted. Thus we propose: 
Proposal 5. Time based conditional handover (condEventT1) is supported for mIAB scenario, by clarifying how it being applicable to mIAB/terrestrial network in 38.306.  
If the time based conditional handover is supported, then we also think that it can be supported in combination with RACH-less. 
Proposal 6. Time based conditional handover (condEventT1) and RACH-less is supported for mIAB scenario.  
Conclusion
In this contribution we discussed issues related to enhancements for neighbour cell measurements. We have the following observations and proposals:
Observation 1. In any case, turning on the target cell should be before the UE attempts a handover to avoid handover failure.
Observation 2. Any type of handover command needs to be given to the UE via the source cell.

Proposal 1. RAN2 conclude that delayedRRCReconfig and legacy CHO can be considered for the mIAB’s mobility solution for full migration.
Proposal 2. RAN2 to keep the enhancement of CHO as a candidate solution for UE’s handover upon mIAB’s full migration and further discuss based on the raised issue/requirement.
Proposal 3. RACH-less HO with same TA with security change for served UEs can be confirmed to be supported for mIAB DU migration. UL grant and HO completion follows NR NTN approach. 
Proposal 4. Beam operation (explicit, implicit or other approaches) in RACH-less HO for mIAB can be discussed upon RAN1 reply LS to NR NTN LS. 
Proposal 5. Time based conditional handover (condEventT1) is supported for mIAB scenario, by clarifying how it being applicable to mIAB/terrestrial network in 38.306.  
Proposal 6. Time based conditional handover (condEventT1) and RACH-less is supported for mIAB scenario.  
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