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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
· IAB capabilities
Connected mode mobility
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
In RAN2#123 meeting the following was agreed for mIAB: 
RACH-less HO to be supported for UEs connected to a mIAB node (intended case: DU migration)
RACH-less HO for mIAB is expected to reuse most parts from other WI, such as NTN. 
R2 assumes that RACH-less HO for mIAB can largely adopt the steps of the agreed NTN RACH-less HO procedure:
1. Receive a RACH-less HO command which can include pre-allocated grant optionally
2. Start time T304 for the target cell (RRC)
3. Perform DL and UL synchronization.
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 configuration.
8. Stop timer T304 for the target cell (RRC).

Furthermore, in RAN2#123, NR NTN made further agreements: 
Agreements:
1. Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission
2. The pre-allocated grant is provided with association to SSBs
3. The mapping between type-1 CG and SSBs in CG-SDT can be the baseline of how to configure pre-allocated grant mapped to SSBs (can rediscuss in case of different input from RAN1)
4. UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission
5. ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command
6. RAN2 understands that if pre-allocated grant is not configured and dynamic grant is used for first UL transmission, if UL HARQ mode is configured, HARQ mode A is recommended for the HARQ process (this is anyway up to NW implementation and there is no Stage2 and Stage3 spec impact)
7. The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlignmentTimer associated with this TAG starts
8. If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running

In general, we believe that all of the agreements made in NR NTN, except for NTN-specific agreements such as ta-Report and HARQ-mode related (agreement 5 and 6 above). 
Proposal 3. All agreements from NR NTN in RAN2#123 can be applicable to mIAB, except for NTN-specific agreements on ta-Report and HARQ mode. 
As for differences in mIAB and NR NTN one possible differences would be how beams are handled. It has been agreed to introduce beam signaling and associated grants for RACH-less. For mIAB, the deployment will be quite different. In NTN, there is a need to signal multiple beams as the beam layout will differ in-between different cells. For mIAB however, the deployment is different as RACH-less is performed during mIAB-DU migration, where the mIAB-DU will still be at the same spot as before and the beams will likely be the same. Due to this deployment, we think that it can be beneficial that the UE can perform RACH-less on the same target mIAB cell beam as in the source mIAB cell. We think that this can be done if the network does not signal any beam related information. Therefore, the UE uses the provided UL grant to transmit RRCReconfigurationComplete and C-RNTI MAC CE, using the same beam as in source cell. Similar action occurs if the UE is not configured with any UL grant. 
Proposal 4. If no explicit beam signaling in RACH-less configuration (as introduced by NR NTN or other), the UE applies the same beam for target mIAB cell as for source mIAB cell. 
[bookmark: _GoBack]While RACH-less can be very efficient it is also considerably more resource-intensive. This is especially true if per-SSB UL grant is introduced. Usually the T304 timer is used to supervise a handover before the handover fails and re-establishment is pursued. The difficulty with T304 when configuring it with RACH-less is that the larger the T304 the more resources will be used by a single UE, so the network may be forced to use a very low value, potentially rendering RACH-less not very useful. One solution would be to introduce a RACH-less validity timer, allowing for RACH-less to be performed only for a duration of the total handover time. If the UE has not completed the handover during this time, the UE performs RACH-based handover. This can also be useful in mIAB in case there are any difficulties in the mIAB DU migration, such as handovers taking longer, or difficult in keeping the synchronization during mIAB DU migration. 
Proposal 5. Introduce a RACH-less validity timer where upon expiry the UE performs RACH-based handover. 
CHO event T1
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 [2].  
In RAN2#122 there was a discussion on the CHO event T1: 
Rapp suggest to discuss the cond HO event T1 that was left FFS
-	Chair wonder how the network can know if the UE has access to absolute time. 
-	LGE think we can mandate that the UE is GNSS capable. 
-	QC think that non-GNSS UEs can use SIB9. 
-	CATT think timing may not be so important, this has not been clarified. Nokia think speading out handovers by this mechanism is not needed. 
-	Chair: it seems the support is limited, and the benefits not so clear. However there is also some support and maybe impact is very low. If time, can maybe revisit (later, not next meeting)
No conclusion for now

In practice the feature likely has limited usefulness in mIAB scenario, because the mIAB scenario requires DU-CU signalling that might be less predictable compared to an NTN scenario, and the time-scales of NTN handover and mIAB CU migration might be very different. Due to this and the limited TUs, we propose that mIAB down-prioritize introducing CHO event T1. We believe that if there are still interest in introducing CHO event T1 for mIAB or other scenarios, we believe it to be more suitable to be introduced as a TEI.  
Proposal 6. Down-prioritize CHO event T1 for mIAB scenario in Rel-18. 

IAB Capabilities
In the e-mail discussion on IAB capabilities “[Post123][051][mIAB] Running CRs UE caps (Nokia)” there were a number of issues raised as seen below: 
Ph2-Proposal 1: RAN2 assumes mobile-IAB capability is introduced in Rel-18. FFS: if requirement for this capability is impacted by RAN3 decision to add/not add mobile IAB-node indication to Xn handover request. FFS: if any need to clarify with SA2 the intention of “for a MBSR node to operate as a MBSR” from clause 5.35A.1 of TS 23.501, i.e. whether a mobile IAB shall always include or optionally include mobileIAB-NodeIndication-r18 in Msg5.
. . .
Ph2-Proposal 6: RAN2 should discuss the following options for a mobile-IAB node reporting DC capabilities: 
O1: A mobile-IAB node is prohibited from reporting IAB MR-DC/NR-DC capabilities.
O2: A mobile-IAB node may report IAB MR-DC/NR-DC capabilities, in which case a network shall ignore the parameters.
FFS: whether any Stage-3 impacts to TS 38.306.
We believe that these in turn are two separate issues. The first issue is on whether there will be an “mIAB capability” and the second issue is how to deal with some inconsistencies on the definition of an mIAB node in relation to certain features. 
General mIAB capability bit
In the e-mail discussion it was discussed whether there is a need for a general mIAB capability or not. This stems from the fact that during a handover, the target donor gNB should have knowledge of whether the IAB node is mobile-IAB capable or just an “ordinary IAB”. The important part is that the target CU is aware of the IAB identity, and if there are any other procedure outside of 1) UE capabilities, 2) indication in the Xn message HANDOVER REQUEST, then there is no issue either. 
In RAN3 discussions, it has already been agreed that Mobile-IAB-Authorization status indication is included in Path Switch Request Ack message. This means that target CU can know that it is a mIAB node and that it is authorized by AMF. Furthermore, RAN3 is also discussing to introduce Mobile-IAB-Authorization status indication in Xn HANDOVER REQUEST. Therefore, we think that there is no need for a general mIAB capability bit that indicates that the IAB is mIAB-capable. 
Proposal 7. RAN2 does not introduce general mIAB capability bit for the purpose of mIAB identification during mobility as RAN3 has already introduced procedures that solves the underlying issue. 
mIAB not “acting” as a mobile IAB and “down-grading” of capabilities
The second issue is about whether the UE is allowed to not “act” as a mobile IAB. Initially, we do not see any reason why a mobile IAB would be mobile IAB-capable but choose to not act as it. The only potential use case of such operation would be if there are restrictions on certain mIAB operations compared to a Rel-16 or Rel-17 IAB. According to Stage 2 it appears that such restrictions are in place [3]: . 
· Dualconnectivity is not supported for the mobile IAB-MT.
As seen above, this case is specifically discussed in the e-mail discussion related to DC capabilities. The proposed way forward is either that mobile IAB does not report IAB MR-DC/NR-DC capabilities or mobile IAB reports MR-DC/NR-DC capabilities.  
If there are any possibilities that an mIAB-capable IAB node may sometimes act as a mIAB and sometimes as a legacy IAB node, then it is important that the IAB node does not report different capabilities to different nodes. This is important as the capabilities may be stored in the core network, and changing them may cause serious issues. Therefore, regardless, the mIAB node does always report the MR-DC/NR-DC capabilities, but we also think that there does not need to be any requirements for network to ignore the capabilities. 
Proposal 8. mIAB indicates MR-DC/NR-DC capabilities as implemented by the IAB node. No requirements for the network to ignore the MR-DC/NR-DC capabilities. 
One central question that needs to be decided in mIAB is the relation to previous releases. In Rel-18, dual connectivity is down-prioritized, but it could for instance be plausible that a manufacturer has implemented IAB dual connectivity features, and then wants to upgrade the IAB node to a Rel-18 mIAB node. In our understanding, the manufacturer should not have to “down-grade” the IAB node, but mIAB should rather be an add-on. Similarly, if an operator purchases a mIAB node, then it is possible that this node may be used as a stationary node, and it should not have to “re-configure” the IAB node to be stationary. We think that this should be discussed to make mIAB as easy to use as possible for an operator.  
Proposal 9. RAN2 to discuss IAB Rel-16/Rel-17 relation to mIAB. 
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. All agreements from NR NTN in RAN2#123 can be applicable to mIAB, except for NTN-specific agreements on ta-Report and HARQ mode. 
Proposal 4. If no explicit beam signaling in RACH-less configuration (as introduced by NR NTN or other), the UE applies the same beam for target mIAB cell as for source mIAB cell. 
Proposal 5. Introduce a RACH-less validity timer where upon expiry the UE performs RACH-based handover. 
Proposal 6. RAN2 to down-prioritize CHO event T1 for mIAB.  
Proposal 7. RAN2 does not introduce general mIAB capability bit for the purpose of mIAB identification during mobility as RAN3 has already introduced procedures that solves the underlying issue. 
Proposal 8. mIAB indicates MR-DC/NR-DC capabilities as implemented by the IAB node. No requirements for the network to ignore the MR-DC/NR-DC capabilities. 
Proposal 9. RAN2 to discuss IAB Rel-16/Rel-17 relation to mIAB. 
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