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1	Introduction
One of the agendas for Rel-18 Mobile IAB is to discuss the necessary mobility enhancement needed to support the mobile-IAB.
	Mobility Enhancements
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]




[bookmark: _Ref178064866]2	Discussion
2.1	Identification of Mobile IAB cell
When the UE accesses a cell, it should be able to understand what sort of cell it is. In legacy there are only static cells whereas now with mobile IAB the cells would be mobile. Hence, at least the new release UEs (supporting rel-18) should be able to understand whether the connectivity is via mobile IAB cell or static cell.
There can be few benefits of identifying if a UE is connected via mobile IAB cell such as:
· No need of handover/cell reselection if it is connected via mobile IAB cells
· Relaxed neighbour cell measurement
Further, it is possible for the UEs to keep track of serving cell signal strength, and as long as the RSRP is within certain limit and with a marginal variance the UE can understand if it is still in a mobile cell. However, if there are fluctuations and serving cell signal strength is no longer with in certain range, the UE may realize that it has got out off the mobile cell (bus, train etc), and it may need to perform cell re-selection to a static cell, i.e., no longer is the relaxed neighbour cell measurement applicable.
[bookmark: _Toc111017461][bookmark: _Toc115391000]Early identification of a mobile IAB cell may help a UE to avoid the triggering of unnecessary RRC procedures.
There can be different ways to indicate whether a cell is mobile or static. One simple way would be via system information broadcast. Here, there is also additional information useful for the UE that can be broadcasted such as:
· From operator perspective, this can be additional service, i.e., to provide connectivity via mobile IAB cells. Hence, not every UE may be able to access such cell. Thus, in these operator deployments there is need for authorization, e.g., subscription-based access as not every UE should have access (e.g., only UEs who have purchased the bus ticket). This authorization should be however discussed in SA2.
· In some networks (operator deployment) the mobile IAB cell could be used only for public safety or emergency use cases. Hence, only certain class of traffic type could be allowed to access such cell.  The access class category should be provided.
· The mobile IAB location and speed. This would be useful for the UE to determine if it is still in the bus or has left.

SIB-IAB ::=                             SEQUENCE {
	latitudeSign							ENUMERATED {north, south},
	degreesLatitude							INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude						INTEGER (-8388608..8388607),	-- 24 bit field
	uncertainty								INTEGER (0..127)
	velocity								INTEGER (0..511),							
	distanceThreshold						INTEGER (0..1023),
	rsrp-Threshold							INTEGER (0..127),
	rsrq-Threshold							INTEGER (0..127),
	accessClass								ENUMERATED {onlyPublicSafety} OPTIONAL, --Need ON
	allowedAccessClass						ENUMERATED {n14, n12} OPTIONAL, --Need ON
	barreddAccessClass						ENUMERATED {n11, n15} OPTIONAL, --Need ON
	pathID									INTEGER(1..10)
	
}

Figure 1: Example of system information block for mobile IAB

According to this, the following is proposed:
[bookmark: _Toc111017464][bookmark: _Toc115391004]RAN2 to discuss the need of provide mobile IAB specific information to the UE, such as mobile IAB’s position, velocity, access class/category and any other parameters to help the UE in performing (or avoiding) certain RRC procedures.

2.2	Usage of pre-configurations for handling of mobile IAB node mobility
Previous IAB release work discussed the migration of static IAB-nodes in intra-CU and inter-CU scenarios mainly in contect of RLF and load balancing. Rel-18 needs to also address IAB-node migration because of mobility. The IAB-node migration is considered to be a complex procedure as lot of configuration parameters need to be provided again especially for the inter-CU case. Further, there is also risk of service interruption etc.
However, one mobile IAB-node property that can be exploited, and the signalling aspects can be minimized is by using the known routes/path of the mobile IAB node. If it is known that a city bus equipped with a mobile IAB cell follows a certain route and at a particular time reaches a particular destination then this known traffic pattern can be exploited such that a configurations can be stored and activated when the mobile IAB node reaches a new cell (parent IAB node, new CU) etc. There can be some parameters which can be stored in the mobile IAB node whereas there can be some parameters that can be stored in each static parent IAB nodes which a mobile IAB would connect to.
[image: ]
Figure 2: Mobile IAB-Node which involves Intra-Donor, Inter-Donor (same CU) and Inter CUs.
In above figure, the mobile IAB node maintains an F1 connection to the donor (one donor at a time). In the figure, the mobile IAB connects to the following nodes in the different positions as described below:
· Position A: BH through parent node 1, F1 connection to donor node X 
· Position B: BH through parent node 2, F1 connection to donor node X
· Position C: BH through parent node 3, F1 connection to donor node Y 
· Position D: BH through parent node 4, F1 connection to donor node Y 
The mobile IAB must change the F1 connection from donor X to donor Y when moving from position B to C, thus requiring a F1 handover. The F1 handover can be simplified by providing the needed IP addresses to connect to the new donor in advance. Similar to F1, the BAP configuration can be pre-stored in mIAB which would allow to reach to parent node (for upstream traffic). The stationary node which connects to mIAB node can also store the BAP configuration to reach to the mIAB (for downstream traffic).
If the legacy procedures are used in IAB-node mobility scenarios, the BAP configuration at the mobile IAB needs to be dynamically reconfigured every time that the mobile IAB will traverse a new parent IAB node or donor node. Nevertheless, since the features specified so far in the previous releases did not consider that an IAB node may be moving, the results are that a continuous reconfiguration (at least the F1 setup and BAP configuration) of the mobile IAB may not be efficient and may react slowly to the changes caused by the mobility.
[bookmark: _Toc111017462][bookmark: _Toc115391001]Legacy IAB procedures may incur high latency and overhead signalling when reconfiguring an IAB node due to its mobility.
Of course, even if the mobile IAB is moving, one aspect that can be exploited when considering F1 and RRC procedure is that its mobility may be predictable. One example is to consider that a mobile IAB mode may be mounted on public transportation vehicle such as public busses or trains. In such a case, this type of vehicle has a predictable mobility that can be exploited when considering that handovers may already been known in advance. In such a case, some F1 and RRC procedure such as the F1 setup and the BAP (re)configuration may be provided in advance (pre-configured) at the mobile IAB. An example of what the procedure would like is shown in Figure 2.
[bookmark: _Toc111017463][bookmark: _Toc115391002]Predictable mobility may be used to determine the route of the mobile IAB node and to provide configurations in advance to the mobile IAB in order to execute F1 or RRC procedures (e.g., for providing handover commands in advance).



Figure 2: Donor nodes provide the necessary F1 and BAP configurations to be stored in advance and activated when mIAB is handed over to new parent/new Donor. 
In conclusion, a solution where certain configuration at the UE is predefined (or provided in advance) would be a great benefit from a latency/connectivity interruption and signalling overhead point of view. At least this is an option that works on top of existing procedures for the IAB nodes.
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc111017465][bookmark: _Toc115391005]In addition to legacy IAB procedures, RAN2 to also consider a solution where certain configurations (e.g., BAP configuration) are predefined at the mobile IAB to reduce the connectivity interruption and signalling overhead during mobility.
2.3	Open issues on group mobility
When the mobile IAB-MT changes its donor-CU (changed.g., during a handover leaving the old CU service area), this has also an impact on UEs served by the mobile IAB. This is mainly because some of the parameter of the cell that is hosted on the mobile IAB may change and because the new CU may decide to reconfigure even the DU part of the mobile IAB (in case of full migration).
However, one of the aspects to be considered is that, from the perspective of a UE served by the mobile IAB, even if the mobile IAB-MT performs a handover, a UE that is served by the mobile IAB does not really change any cell as is still physically located within the coverage of the mobile IAB.
[bookmark: _Toc115391003]Even if the mobile IAB-MT performs a handover, a UE that is served by the mobile IAB does not really change any cell as it is still physically located within the coverage of the mobile IAB.
According to this, in principle some RRC procedures that normally happen during a handover procedure can be avoided. This will bring benefits in terms of less connectivity interruption but also less signalling overhead for the UE and the network. In fact, since the cell in which a UE is connected does not really change, most likely the TA (timing advance) value that the UE is using for the UL synchronization can still fully be reused and this means that the RACH procedure may not be needed in case of a group mobility of the UEs served by the mobile IAB.
[bookmark: _Toc115391006]In case of a group handover of the UE served by the mobile IAB, RAN2 to consider a solution where RACH-less handover is supported.
Another aspect to be considered is how to handle the group mobility from a signalling perspective and what kind of impact this has over the air interface. When more than one UE served by the mobile IAB needs to be handed over to the same cell (that in this case is the new cell of the mobile IAB itself) certainly some enhancement on the signalling can be done.
One possible enhancement over the X2/Xn interface could be that the source node (i.e., the old donor CU) may include a list of UE contexts for which the handover is needed in one message that is send to the target node (i.e., the new donor CU) rather than triggering one handover message one for each of those UEs. However, when it comes to the air interface, according to the legacy procedure, the handover command is UE-specific and is not clear how the source node may deliver multiple RRCReconfiguration messages to multiple UE, if those are received within only one message over the X2/Xn (or N2/NGAP) interface.
Of course, RAN2 may discuss solutions in order to handle this problem, but before doing this it would be good to wait for RAN3 progress in this matter.
[bookmark: _Toc115391007]RAN2 to wait for RAN3 progress before discussion enhancement related to the group mobility procedure.
Further aspects that RAN2 can start to discuss already now is how a group handover is triggered. So far, a legacy handover is triggered by the a source node according to a measurement report received from the UE. Here we have a the special situation has the CU to which the mobile IAB is connected may receive multiple measurement reports from the UEs served by the mobile IAB within a time span that can be quite large. This is because each UE may be configured with different measurement reporting configuration. According to this, it is not clear how the group handover is triggered.
[bookmark: _Toc115391008]RAN2 to discuss what is the triggering condition for the group mobility of the UEs served by the mobile IAB.
Another aspect that is not clear is how to handle during the group mobility the UEs that are in RRC_IDLE and RRC_INACTIVE and that are inside the vehicle in which the mobile IAB is mounted. While for the UEs that are in RRC_IDLE one may say that there is no impact (as they will perform cell (re-)selection at some point), a special handling of UEs in RRC_INACTIVE may be needed. For these UEs, their context needs to be relocated from the old donor CU to the new donor CU and when the group mobility is performed, one solution would be to do this relocation on the network side. If this is the case, one can say that as far as a UE in RRC_INACTIVE is located inside the vehicle in which the mobile IAB is mounted, there would be no need to do any RNA update procedure since the UE context has been already relocated on the network side and the network is perfectly aware of where these UEs in RRC_INACTIVE are. 
[bookmark: _Toc115391009]RAN2 to discuss how to handle UEs in RRC_IDLE and RRC_INACTIVE during the group mobility of the UEs (in RRC_CONNECTED) served by the mobile IAB.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Early identification of a mobile IAB cell may help a UE to avoid the triggering of unnecessary RRC procedures.
Observation 2	Legacy IAB procedures may incur high latency and overhead signalling when reconfiguring an IAB node due to its mobility.
Observation 3	Predictable mobility may be used to determine the route of the mobile IAB node and to provide configurations in advance to the mobile IAB in order to execute F1 or RRC procedures (e.g., for providing handover commands in advance).
Observation 4	Even if the mobile IAB-MT performs a handover, a UE that is served by the mobile IAB does not really change any cell as it is still physically located within the coverage of the mobile IAB.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss the need of provide mobile IAB specific information to the UE, such as mobile IAB’s position, velocity, access class/category and any other parameters to help the UE in performing (or avoiding) certain RRC procedures.
Proposal 2	In addition to legacy IAB procedures, RAN2 to also consider a solution where certain configurations (e.g., BAP configuration) are predefined at the mobile IAB to reduce the connectivity interruption and signalling overhead during mobility.
Proposal 3	In case of a group handover of the UE served by the mobile IAB, RAN2 to consider a solution where RACH-less handover is supported.
Proposal 4	RAN2 to wait for RAN3 progress before discussion enhancement related to the group mobility procedure.
Proposal 5	RAN2 to discuss what is the triggering condition for the group mobility of the UEs served by the mobile IAB.
Proposal 6	RAN2 to discuss how to handle UEs in RRC_IDLE and RRC_INACTIVE during the group mobility of the UEs (in RRC_CONNECTED) served by the mobile IAB.

[bookmark: _In-sequence_SDU_delivery]4	References
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