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1. Introduction
The WID on Mobile IAB was revised in RAN#97e which indicates 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. UE mobility enhancements 
2.1.1. Cell reselection enhancements for UEs 
RAN2#119bis-e agreed to the confirmation, observation and assumptions below [2]:
	· RAN2 confirms that Mobile IAB need to work with legacy UEs. 

· RAN2 observes that a UE could potentially consider itself on-board of a mobile-IAB cell, if the UE camps on/connects to a mobile IAB cell during a long period (i.e. the UE then need to know that this is such a cell). FFS the time. FFS if this is needed. 

	· RAN2 assume below for the UEs working in the mobile IAB cell (may be obvious):
Assumption 1: From the NW perspective of mobile-IAB cell, the principle of setting the legacy parameters (including cell (re)selection, cell reservations and access restrictions) does not change, compared to the legacy IAB cell.

Assumption 2: No spec impact to legacy UEs behaviors.

Assumption 3: Any R18 newly broadcasted info of mobile-IAB cell (if agreed) does not forbid/control the access of legacy UEs.

Assumption 4: Non-enhanced UEs (including legacy UEs and R18 UEs not supporting the enhancement) just ignore the R18 newly broadcasted info of mobile-IAB cell (if agreed).
· RAN2 assumption: For the mobile IAB cell broadcasting info:

1 bit mobile-IAB cell type indication is introduced, to assist mobility in Idle/Inactive mode for Rel-18 UEs (FFS if to assist UE to know it is onboard, if this need to be known)

FFS how this is used (might be implementation specific).

· RAN2 has from the Mobile IAB WI perspective not identified any modifications to prevent the surrounding UE from accessing the mobile IAB-node, but believes that SA2 may be working on Rel-18 solutions that may be applicable (wait for SA2)


RAN2#120 further agreed to the following assumption [3]. 

	· Regarding the assumed mobile-IAB cell type indication, RAN2 assumes is may be specified if some related UE behaviour is specified. 


Based on these agreements, the UE cell reselection is analysed from the perspectives of mobility scenarios, expected UE behaviours and deployment scenarios. 

2.1.1.1. Mobility scenarios and expected UE behaviours 
The two major scenarios and some sub-cases with expected UE behaviours could be considered as follows: 
· Scenario A: The mobile IAB-node is moving with the camping UEs, e.g., a train is moving. 

· Sub-case A1: The UEs (e.g., on a train) should stay on the mobile IAB-node. 

· Sub-case A2: The surrounding UEs (e.g., outside of a train) should not camp on the mobile IAB-node. 

· Scenario B: The mobile IAB-node is stopping with the camping UEs, e.g., a train is stopping at a station. 

· Sub-case B1: The UEs (e.g., still on a train) should stay on the mobile IAB-node. 

· Sub-case B2: The UEs (e.g., exit a train) should reselect a stationary cell (e.g., a macro cell). 
· Sub-case B3: The surrounding UEs (e.g., getting on a train) should reselect the mobile IAB-node. 

· Sub-case B4: The surrounding UEs (e.g., still in a station) should stay in a stationary cell. 

For Sub-cases A1, B1 and B2, the UEs are located nearby the mobile IAB-node. Especially, Sub-case A1 is the major case the WID clearly identified as follows [1]. 

	· 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.


For Sub-cases A2, B3 and B4, these are the desired behaviours for the surrounding UEs. The WID clearly states no optimizations for the targeting of surrounding UEs [1]. Regarding Sub-case B3, it becomes Sub-case B1 or B2 after the UE gets on the train, but the initial state of UE is still the surrounding UE. So, these sub-cases are out of Rel-18 scope. 

	· 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]


So, only Sub-cases A1, B1 and B2 are considered below. 
Observation 1 Optimization for the targeting of surrounding UEs is out of WI scope, although the same configuration as in Observation 2 and Observation 4 may be applicable. 
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Figure 1
 Scenarios and Sub-cases for cell reselection of UEs

2.1.1.2. Inter-frequency deployments 
In this deployment scenario, it’s assumed that the mobile IAB-nodes are deployed on a separate frequency from the frequency for macro cells (i.e., outside cells). 

For Sub-case A1, the UEs are moving together with the mobile IAB-node. So, the RSRP and RSRQ from the mobile IAB-node is always stable and good enough. It does not trigger the cell reselection procedure; precisely the UE may not perform the inter-frequency measurement in case the mobile IAB-node’s frequency priority is higher than outside cells [4], e.g., the mobile IAB-node broadcasts either the priority of its frequency as “7” or its cell as HSDN cell (i.e., UE considers the frequency as the highest priority) [4][5]. 
It could be also considered that the train has multiple cars, and the mobile IAB-nodes are deployed on each car. Even if the UE moves between the cars, one of mobile IAB-nodes’ cells is always stable than outside macro cell, from the perspective of UE on the train. In addition, it would be assumed as a typical case that the mobile IAB-nodes’ cells are operated on the same frequency. In this case, the existing intra-frequency cell reselection, i.e., R-criteria [4], can work properly. 

Observation 2 It could be a typical configuration that the mobile IAB cell in motion broadcasts either the priority of serving frequency as “7” or the HSDN cell indication, to prevent the UEs moving together with the mobile IAB cell from cell reselection. 
For Sub-cases B1 and B2, there’s no way for the AS to know whether the user will stay on or exit from a train. In this case, the UE cannot decide which cell, i.e., the mobile IAB-node or the stationary macro cell, it should reselect at the end, even if the mobile IAB-node broadcasts some information. So, it’s eventually up to the radio condition and the frequency priority which cell the UE should reselect to. So, the mobile IAB-node should revert the priority of serving frequency which is configured as Observation 2, i.e., either the mobile IAB-node broadcasts the priority of serving frequency as e.g., the same with stationary macro cell layer, or it stops broadcasting the HSDN cell indication. 
Observation 3 If the UE and the mobile IAB-node stop, the UE cannot decide whether it should reselect the mobile IAB-node or not, unless the UE knows the user’s intention. So, it’s up to the radio condition which cell the UE should reselect to. 
Observation 4 It could be a typical configuration that the mobile IAB cell in stationary reverts the frequency priority or the HSDN cell indication which was used in motion (i.e., as in Observation 2). 
However, given the observations above, one drawback of current mechanism is that the mobile IAB-node’s SIB needs to be changed depending on its mobility status, i.e., Observation 2 when it’s moving while Observation 4 when it’s stopping. However, it may not be a significant issue to be resolved. 
Observation 5 One drawback in current mechanism may be that the mobile IAB cell needs to change SIB depending on its mobility status, i.e., between Observation 2 and Observation 4. 
In summary, for inter-frequency deployments, the existing cell reselection mechanism, i.e., based on the radio condition and the frequency priority, can still work well. So, no enhancement is needed for the UE to perform cell reselection. 

Note that HSDN [4][5] may be useful for Sub-case A1, while it can be already supported by the mobile IAB-node without any specification change. 
Proposal 1 In case the mobile IAB-node and the macro cell are deployed on separate frequencies, RAN2 should agree that no enhancement is needed for UE’s cell reselection, i.e., RAN2’s “1 bit mobile-IAB cell type indication” assumption is not needed. 
2.1.1.3. Intra-frequency deployments 
In this deployment scenario, it’s assumed that the mobile IAB-nodes are deployed on the same frequency with macro cells (i.e., outside cells). 

For the intra-frequency (and the equal priority inter-frequency) cell reselection, the UE shall follow the ranking mechanism (i.e., R-criteria) [4], whereby the value range of q-OffsetCell in SIB3 is -24dB~+24dB [5]. 
	Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp


	where:

Qmeas
RSRP measurement quantity used in cell reselections.
Qoffset

For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

Qoffsettemp
Offset temporarily applied to a cell as specified in TS 38.331 [3].

 


For Sub-case A1, the mobile IAB cell in motion can broadcast the Qoffset for macro cells as a positive and bigger value while the Qoffset for other mobile IAB cells as zero. With this configuration, the UE moving together with an IAB cell would prioritize the mobile IAB cells over the macro cells. 
Observation 6 It could be a typical configuration that the mobile IAB cell in motion broadcasts the Qoffset for macro cells as a positive and bigger value. 
For Sub-cases B1 and B2, it’s up to the radio condition as discussed in Observation 3 above, so the mobile IAB cell should revert the Qoffset value which was used in motion. 
Observation 7 It could be a typical configuration that the mobile IAB cell in stationary reverts the Qoffset value which was used in motion (i.e., as in Observation 6). 
One drawback is the frequent SIB change depending on IAB-node’s mobility status, similar to Observation 5 above. In case such a frequent SIB change is an issue, it may be resolved by the speed-dependent Qoffset (i.e., similar to the scaling mechanism by UE [4]), but it’s obvious that the enhancement cannot be applicable to legacy UEs. 
Observation 8 One drawback in current mechanism may be that the mobile IAB cell needs to change SIB depending on its mobility status, i.e., between Observation 6 and Observation 7. 
In summary, for intra-frequency deployments, the existing cell reselection mechanism, i.e., based on the ranking by the radio condition, can still work well. So, no enhancement is needed for the UE to perform cell reselection. 
Proposal 2 In case the mobile IAB-node and the macro cell are deployed on the same frequency, RAN2 should agree that no enhancement is needed for UE’s cell reselection, i.e., the “1 bit mobile-IAB cell type indication” which is as RAN2 assumption is not needed. 
2.1.2. RACH-less handover for Rel-18 UEs 

RAN2#119e reached the following agreement [3]: 

	· 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). 


In LTE, the RACH-less handover is configured within MobilityControlInfo with the information of applicable timing advance (TA) and uplink grant as follows [6]. 

	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

}


For the TA value in the RACH-less handover of UE during the IAB-node migration, it’s considered that the UE applies the latest TA value to access the target cell, since the source cell and the target cell are provided by the same “physical” DU (but through dual “logical” DUs), i.e., the “physical” distance from the UE should be the same. So, it’s not needed for the UE to be configured with an explicit TA value.  On the other hand, if the RACH-less handover is intended to be used for other scenarios, e.g., for mobile IAB-MT’s handover, more generic approach like the LTE configuration will be needed. 

Proposal 3 RAN2 should discuss for RACH-less handover of UEs, whether the UE applies the latest TA value implicitly or is configured with the applicable TA value explicitly. 
The UL grant information would be needed to be configured to the UE since the UE has to send RRC Reconfiguration Complete within the UL resource granted by the target cell. 

Proposal 4 RAN2 should agree for RACH-less handover of UEs that the UL grant information is configured by the target IAB-donor-CU. 

Considering the RRC IE structure in NR, it could be assumed that the RACH-less configuration is included in reconfigurationWithSync within CellGroupConfig [5], since the RACH-less handover is indicated by the target IAB-donor-CU during the handover procedure. 

Proposal 5 RAN2 should agree that RACH-less handover is configured in the Handover Command, i.e., Reconfiguration with Sync. 

One question is whether the RACH-less handover is applicable also to the Conditional Handover. RAN2#119e agreed that “R2 assumes that CHO or delayed RRC config could be the baseline for group mobility”, so it’s considered useful to support the Conditional RACH-less Handover. 

Proposal 6 RAN2 should discuss whether RACH-less handover can be also configured in Conditional Handover, i.e., Conditional Reconfiguration. 
2.2. IAB-MT mobility enhancements 
2.2.1. Access restrictions 

2.2.1.1. Stationary IAB-node’s access

The WID states the mobile IAB-node only serves UEs [1], which means the mobile IAB-node should not serve other IAB-nodes as its child nodes: 
	· The mobile IAB-node should have no descendent IAB-nodes, i.e., it serves only UEs.


To ensure the requirement, RAN2#119e agreed to below [7]: 

	· The method of not broadcasting “iab-Support” indication, is sufficient to prevent other IAB-node from accessing mobile IAB (without further spec impact).


However, the agreement was made without sufficient discussions. Especially for the part “(without further spec impact)”, it’s questionable if it’s really sufficient to leave it up to implementations. As the WID clearly requires the mobile IAB-node is not allowed to access other mobile IAB-nodes, it’s considered that the specification should clarify this assumption, in order to avoid any confusion in implementations of mobile IAB. So, it’s preferred in Stage-2 specification either to capture the agreement above, or to clarify “the mobile IAB-node cannot access to other mobile IAB-nodes in this release”. 
Proposal 7 RAN2 should agree to capture in Stage-2 specification that the IAB-node shall not set the IAB-Support IE in SIB when it acts as the mobile IAB-node in this release. 
2.2.1.2. Mobile IAB-node’s access 
RAN2#120 achieved the following agreements for the mobile IAB-node to access its parent [3]. 

	· A mobile IAB node may camp on and connect to legacy Rel-16/Rel-17 IAB capable cell. 

· R2 assumes "supporting mobile-IAB" indication is provided by Rel-18 Mobile IAB capable parent cell.


Based on the agreements, the mapping of indication availability to IAB-node behaviour could be summarized in Table 1. 
Table 1
 SIB Indications and IAB-node behaviours
	Cases
	Availability of indications in SIB1
	Access restriction to IAB-nodes

	
	iab-Support-r16
(i.e., legacy IE)
	“Supporting mobile-IAB”
(i.e., new IE)
	Legacy IAB-node
	Mobile IAB-node

	1
	Unavailable
	Unavailable
	Prohibited
	Prohibited

	2
	Unavailable
	Available
	Prohibited
	Allowed? or Prohibited?

	3
	Available
	Unavailable
	Allowed
	Allowed

	4
	Available
	Available
	Allowed
	Allowed


Regarding Cases 1 and 4, the mobile IAB-node behaviours are obvious as these are in Table 1, since both IEs are just either unavailable or available. 
Proposal 8 RAN2 should agree that the mobile IAB is prohibited to access a parent which does not broadcast both the legacy IAB-Support IE and the new “supporting mobile-IAB” IE. 

Proposal 9 RAN2 should agree that the mobile IAB is allowed to assess a parent which broadcasts both the legacy IAB-Support IE and the new “supporting mobile-IAB” IE. 

Regarding Case 2, it’s unclear whether the mobile IAB-node can access the parent when the new indication is provided but the legacy IAB-Support IE is not. Furthermore, it should be discussed whether it’s a valid case the parent node only broadcasts the new indication without the legacy IE. In our view, it’s a typical case the parent node accepts both accesses from the legacy IAB-node and the mobile IAB-node. Though, there might be some possibility that the parent is deployed only for serving mobile IAB-nodes. So, it might be good to keep the flexibility of configuration. 
Proposal 10 RAN2 should discuss if it’s a valid configuration that the legacy IAB-Support IE is not provided while the new “supporting mobile IAB-node” IE is broadcasted (i.e., Case in Table 1). 
Regarding Case 3, i.e., the legacy IAB-Support IE is provided but the new indication is not, the mobile IAB-node can access the parent since RAN2 agreed that “A mobile IAB node may camp on and connect to legacy Rel-16/Rel-17 IAB capable cell” as quoted above [3]. However, the expected IAB-node behaviour is the same with Case 4. In our view, in Case 3 the mobile IAB-node can access the parent under a certain condition, while in Case 4 it can always access. For example, the mobile IAB-node can do that only when it cannot find any cell which broadcasts the new indication. As another example, the mobile IAB-node may be configured whether it’s allowed to access the cell which does not broadcast the new indication, e.g., by AMF or OAM in the authorization/verification process. So, RAN2 should clarify under what condition the mobile IAB-node can access the parent which does not broadcast the new indication. 
Proposal 11 RAN2 should discuss under what condition the mobile IAB-node is allowed to access the parent node which does not provide the new “supporting mobile IAB-node” IE while broadcasts the legacy IAB-Support IE (i.e., Case 3 in Table 1), e.g., it’s allowed to access the parent node only when it cannot find any cell which broadcasts the new indication. 
3. Conclusion 
In this contribution, the 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: 
Observation 1
Optimization for the targeting of surrounding UEs is out of WI scope, although the same configuration as in Observation 2 and Observation 4 may be applicable.
Observation 2
It could be a typical configuration that the mobile IAB cell in motion broadcasts either the priority of serving frequency as “7” or the HSDN cell indication, to prevent the UEs moving together with the mobile IAB cell from cell reselection.
Observation 3
If the UE and the mobile IAB-node stop, the UE cannot decide whether it should reselect the mobile IAB-node or not, unless the UE knows the user’s intention. So, it’s up to the radio condition which cell the UE should reselect to.
Observation 4
It could be a typical configuration that the mobile IAB cell in stationary reverts the frequency priority or the HSDN cell indication which was used in motion (i.e., as in Observation 2).
Observation 5
One drawback in current mechanism may be that the mobile IAB cell needs to change SIB depending on its mobility status, i.e., between Observation 2 and Observation 4.
Proposal 1
In case the mobile IAB-node and the macro cell are deployed on separate frequencies, RAN2 should agree that no enhancement is needed for UE’s cell reselection, i.e., RAN2’s “1 bit mobile-IAB cell type indication” assumption is not needed.
Observation 6
It could be a typical configuration that the mobile IAB cell in motion broadcasts the Qoffset for macro cells as a positive and bigger value.
Observation 7
It could be a typical configuration that the mobile IAB cell in stationary reverts the Qoffset value which was used in motion (i.e., as in Observation 6).
Observation 8
One drawback in current mechanism may be that the mobile IAB cell needs to change SIB depending on its mobility status, i.e., between Observation 6 and Observation 7.
Proposal 2
In case the mobile IAB-node and the macro cell are deployed on the same frequency, RAN2 should agree that no enhancement is needed for UE’s cell reselection, i.e., the “1 bit mobile-IAB cell type indication” which is as RAN2 assumption is not needed.
Proposal 3
RAN2 should discuss for RACH-less handover of UEs, whether the UE applies the latest TA value implicitly or is configured with the applicable TA value explicitly.
Proposal 4
RAN2 should agree for RACH-less handover of UEs that the UL grant information is configured by the target IAB-donor-CU.
Proposal 5
RAN2 should agree that RACH-less handover is configured in the Handover Command, i.e., Reconfiguration with Sync.
Proposal 6
RAN2 should discuss whether RACH-less handover can be also configured in Conditional Handover, i.e., Conditional Reconfiguration.
Proposal 7
RAN2 should agree to capture in Stage-2 specification that the IAB-node shall not set the IAB-Support IE in SIB when it acts as the mobile IAB-node in this release.
Proposal 8
RAN2 should agree that the mobile IAB is prohibited to access a parent which does not broadcast both the legacy IAB-Support IE and the new “supporting mobile-IAB” IE.
Proposal 9
RAN2 should agree that the mobile IAB is allowed to assess a parent which broadcasts both the legacy IAB-Support IE and the new “supporting mobile-IAB” IE.
Proposal 10
RAN2 should discuss if it’s a valid configuration that the legacy IAB-Support IE is not provided while the new “supporting mobile IAB-node” IE is broadcasted (i.e., Case in Table 1).
Proposal 11
RAN2 should discuss under what condition the mobile IAB-node is allowed to access the parent node which does not provide the new “supporting mobile IAB-node” IE while broadcasts the legacy IAB-Support IE (i.e., Case 3 in Table 1), e.g., it’s allowed to access the parent node only when it cannot find any cell which broadcasts the new indication.
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