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1. Introduction
The WID on Mobile IAB indicates to specify the procedures for UE mobility and IAB-MT mobility 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. Remaining issues on UE cell reselection enhancements 
Regarding the cell reselection enhancements for on-boarding UEs, RAN2 had extensive discussions among meetings [2]

 REF _Ref122883834 \w \h 
[3]

 REF _Ref131096255 \w \h 
[4]

 REF _Ref139619452 \w \h 
[5]

 REF _Ref146272803 \w \h 
[6]. The key agreements from previous meetings are quoted below. 
	· R2 direction (solution agreements at later stage, no other directions will be considered):
RAN2 acknowledges following two problems to be addressed for idle/inactive UEs:

- Problem 1: For a UE that is physically on a moving vehicle but not camped on its mobile IAB-cell yet (i.e. the UE is camped on a stationary cell), how to help such UE(s) to identify a neighbour mobile IAB-cell, prioritize mobile IAB-cell (frequency and cell) and to be “pulled” into this mobile IAB-cell, especially for inter-frequency scenario where the mobile IAB-cell’s frequency priority is low.

- Problem 2: After the UE physically on a moving vehicle is camped on the mobile IAB cell, how to avoid it reselecting other non-mIAB-(stationary) cells.

- Such UE may prioritize a highest ranked cell at a frequency, if it broadcasts a mIAB-cell type indicator in SIB1 for cell reselection. UE may use the SIB4 assistance information to identify the presence of such mobile IAB-cell(s), if broadcasted. A SIB4 assistance information may include mIAB-cell frequencies. FFS on stage-2/3 to clarify the UE in problem 1 and 2.


	· Confirm the WA for inter-frequency cell reselection (scenarios: For a UE that is “on-board”, irrespective whether it is camped on the mobile IAB cell or a stationary cell, it can prioritize another frequency for which a mobile IAB cell is the best cell). 

· No enhancement is needed for intra-frequency and equal-priority cell reselection. 

· The procedure that UE searches and measure for mIAB cells on different frequencies is unspecified. RAN2 assumes that As assistance information, the NW can optionally provide inter-frequency mIAB list in SIB4, details FFS. 
· It is left to UE implementation to determine whether the UE is physically on a moving vehicle and when it applies mobile IAB cell reselection prioritization for agreed scenarios. 
Chair Comment: The last agreement is different to and supersedes earlier agreements that states that RAN2 shall specify on-board criterion. 
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Figure 1
 Problem 1: the UE should reselect the mobile IAB cell
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Figure 2
 Problem 2: the UE should avoid reselecting the macro cell

Accordingly, the current Running CRs captured the agreed solution as follows. For TS38.304 [7]: 

	5.2.4.1
Reselection priorities handling

[…]

A UE on a vehicle with a mobile IAB-cell may detect and prioritise the frequency for which a mobile IAB cell is the best cell based on assistance information. 

Editor Notes: FFS how the UE identifies the cell as a mobile IAB-cell and whether this cell is the best cell or suitable cell at the prioritized frequency.
Editor Notes: Details of assistance information provided by inter-frequency mIAB list in SIB4 is FFS.

[…]

NOTE 0x: The determination by the UE to be on a vehicle with a mobile IAB-cell is left up to implementation.


For TS38.331 [8]: 
	SIB1-v18xy-IEs ::=               SEQUENCE {

    mobileIAB-Cell-r18               ENUMERATED {true}                                       OPTIONAL,  -- Need R
    nonCriticalExtension             SEQUENCE {}                                             OPTIONAL
}

[…]

SIB1 field descriptions
[…]

mobileIAB-Cell

The presence of this field indicates that this is a mobile IAB cell.
 

	SIB4 ::=                            SEQUENCE {

[…]

    mobileIAB-InterFreqCarrierFreqList-r18   MobileIAB-InterFreqCarrierFreqList-r18          OPTIONAL   -- Need R

    ]]
}
[…]
MobileIAB-InterFreqCarrierFreqList-r18 ::= SEQUENCE (SIZE (1..maxFreq)) OF MobileIAB-InterFreqCarrierFreqInfo-r18

MobileIAB-InterFreqCarrierFreqInfo-r18 ::= SEQUENCE {

targetFrequency-r18            ARFCN-ValueNR

}

EDITOR’S NOTE: FFS whether we need only PCI range, only frequencies, or both

[…]
SIB4 field descriptions
[…]

mobileIAB-InterFreqCarrierFreqList

Contains a list of frequencies on which mobile IAB cells are deployed.
  


2.1.1. Search and measurement details 

Regarding the first FFS in TS38.304, “FFS how the UE identifies the cell as a mobile IAB-cell and whether this cell is the best cell or suitable cell at the prioritized frequency”, RAN2 agreed “The procedure that UE searches and measure for mIAB cells on different frequencies is unspecified.” Therefore, the details like this FFS don’t need to be specified in general. 
For the latter part, “whether this cell is the best cell or suitable cell at the prioritized frequency”, it should be the suitable cell [9] in order to align with the RAN2 agreement that “It is left to UE implementation […] when it applies mobile IAB cell reselection prioritization for agreed scenarios.”
Proposal 1 RAN2 should agree that the UE may prioritize the mobile IAB frequency if the mobile IAB cell is suitable cell, i.e., not the best cell, and to remove the corresponding FFS from the Running CR for TS38.304. 
2.1.2. SIB4 assistance information 
The other FFSes captured by the CR rapporteurs are related to the SIB4 assistance information. In TS38.331, it’s captured that “FFS whether we need only PCI range, only frequencies, or both.” 
Regarding the “PCI range”, it’s a list of PCIs that may be assigned to mobile IAB cells, in our understanding. With the knowledge of “PCI range”, the UE only needs to decode SSB in order to determine whether or not this cell is a mobile IAB cell, i.e., the UE does not need to decode SIB1 to check if the mobile IAB cell indication is available. It may be efficient for the UE to search the mobile IAB cells among many different frequencies. 

However, the current Running CR already captured mobileIAB-Cell-r18 IE in SIB1 according to the corresponding RAN2 agreement. With this indication, the UE can anyway determine the mobile IAB cells upon acquiring SIB1, just after acquiring SSB (i.e., MIB.) So, no optimization is needed with the “PCI list.”
Proposal 2 RAN2 should agree that the “PCI list” is not needed in SIB4 assistance information. 
On the other hand, SA2 decided to reuse the CAG for access restriction to the mobile IAB cell [11] and RAN2 is discussing how to implement it in their specification [5]. SA2 also decided to reuse the forbidden TA for the UE which is not capable of NPN. It means only the “premium” UEs are allowed to access to the “premium” mobile IAB cell (i.e., a special subscription tariffs […], e.g. enterprises or individual customers for premium in-vehicle 5G experience [12]), while all the UEs can access to the “standard” mobile IAB cell. In this sense, it’s not enough to provide only the frequency information in SIB4 to the “standard” UEs since they are not allowed to access the “premium” mobile IAB cells even if they prioritized the mobile IAB frequency/cell. As the result, these UEs not only wastes their battery for inter-frequency measurement but also degrades user experience. So, it’s worth considering if SIB4 also provides the CAG and TA information for each frequency. 
Observation 1 Some UEs are not allowed to access to some mobile IAB cells (i.e., with CAG access restriction), so these UEs does not need to prioritize the mobile IAB frequency/cell. 
According to the current specification, interFreqCAG-CellList is available in SIB4 for Rel-16 NPN functionality. This list provides the CAG and TA information for each frequency with the PLMN Identity “Index” (i.e., which is not “PLMN ID + CAG ID”), whereby the index refers to the NPN Identity Info List in SIB1, as follows [10]. 
	InterFreqCAG-CellListPerPLMN-r16 ::= SEQUENCE {

    plmn-IdentityIndex-r16              INTEGER (1..maxPLMN),

    cag-CellList-r16                    SEQUENCE (SIZE (1..maxCAG-Cell-r16)) OF PCI-Range

}

	plmn-IdentityIndex

Index of the PLMN or SNPN across the plmn-IdentityInfoList and npn-IdentityInfoList fields included in SIB1.


	NPN-IdentityInfoList-r16 ::=     SEQUENCE (SIZE (1..maxNPN-r16)) OF NPN-IdentityInfo-r16

NPN-IdentityInfo-r16 ::=         SEQUENCE {

    npn-IdentityList-r16             SEQUENCE (SIZE (1..maxNPN-r16)) OF NPN-Identity-r16,

    trackingAreaCode-r16             TrackingAreaCode,

[…]

NPN-Identity-r16 ::=             CHOICE {

    pni-npn-r16                      SEQUENCE {

        plmn-Identity-r16                PLMN-Identity,

        cag-IdentityList-r16             SEQUENCE (SIZE (1..maxNPN-r16)) OF CAG-IdentityInfo-r16

    },

    snpn-r16                         SEQUENCE {

        plmn-Identity-r16                PLMN-Identity,

        nid-List-r16                     SEQUENCE (SIZE (1..maxNPN-r16)) OF NID-r16

    }

}


Therefore, if the serving cell (i.e., the outside stationary cell) does not broadcast the PNI-NPN identity (i.e., “PLMN ID + CAG ID”) of the mobile IAB cell on a different frequency, the current SIB4 may not work since there is no index for the necessary PNI-NPN identity. So, the issue is whether the serving cell shall always broadcast the PNI-NPN identity of the mobile IAB cell, especially in case the serving cell does not provide the NPN service, and considering the limited number of PLMNs, PNI-NPNs and SNPNs (i.e., a maximum of 12). So, RAN2 should discuss if such a restriction for the network can be assumed. Otherwise, it should be possible for the serving cell to broadcast the explicit CAG and TAC information of mobile IAB cells in SIB4. 
Proposal 3 RAN2 should agree that SIB4 assistance information includes the CAG and TA information, in addition to the frequency information. 
Proposal 4 If Proposal 3 is agreeable, RAN2 should further discuss whether the existing interFreqCAG-CellList in SIB4 can really work for all the deployment scenarios. 
2.2. IAB-MT access restriction enhancements 
2.2.1. 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 [13]: 

	· 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. Since the WID clearly requires that the mobile IAB-node is not allowed to access other mobile IAB-nodes, 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 5 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. 
2.2.2. 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 6 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 7 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 for the parent node to accept both accesses from the legacy IAB-node and the mobile IAB-node, even though there is some possibility that the parent is deployed only for serving mobile IAB-nodes. Considering these possibilities, it might be good to allow for some flexibility in various configurations. 
Proposal 8 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 is always allowed to access the parent. For example, the mobile IAB-node can access the parent 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 9 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 IDLE/INACTIVE mode mobility enhancements for Mobile IAB are discussed; and the corresponding solutions are provided.  RAN2 is kindly asked to take into account the observation and proposals below: 
Proposal 1
RAN2 should agree that the UE may prioritize the mobile IAB frequency if the mobile IAB cell is suitable cell, i.e., not the best cell, and to remove the corresponding FFS from the Running CR for TS38.304.
Proposal 2
RAN2 should agree that the “PCI list” is not needed in SIB4 assistance information.
Observation 1
Some UEs are not allowed to access to some mobile IAB cells (i.e., with CAG access restriction), so these UEs does not need to prioritize the mobile IAB frequency/cell.
Proposal 3
RAN2 should agree that SIB4 assistance information includes the CAG and TA information, in addition to the frequency information.
Proposal 4
If Proposal 3 is agreeable, RAN2 should further discuss whether the existing interFreqCAG-CellList in SIB4 can really work for all the deployment scenarios.
Proposal 5
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 6
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 7
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 8
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 9
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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