
[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #119bis-e	 R2-2210447
Electronic 10-19 October 2022
Agenda Item:	8.12.2
Source:	Xiaomi 
Title:	Scenarios for consideration in mIAB cell selection and reselection
Document for:	Discussion & Decision
Introduction
WID [1] identifies the following guidance regarding target users and use of mIAB nodes
	
Justification … 
The work on Mobile IAB in Rel-18 should focus on the scenario of mobile-IAB-nodes mounted on vehicles providing 5G coverage/capacity enhancement to onboard and/or surrounding UEs. 
…
Objective …
•	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]
…
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




R2#119e [2] made the following agreement on mIAB relating to scenarios for cell (re)selection.
	
P1: RAN2 to discuss scenarios, if and where enhancements to cell (re-)selection to/from the mobile IAB-node apply, e.g. based on mobile IAB-node broadcast parameter (this point doesn’t preclude other potential usage of Bcast info).




Discussion
In this paper we discuss scenarios for UE selection/reselection to and from a mIAB node.
This includes steps to consider the on-boarding, maintaining the connection to mIAB cell with same route (whilst on-board) and then off boarding, exiting or leaving the vehicle and ending the connectivity to the mIAB node, and the role a broadcast mobility indication may play in reliably assisting with selection/reselection.

Scenarios for consideration mIAB selection and reselection
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Scenario 1. Stationary UE connected to external gNB on-boards to UE with mIAB node
In this scenario 1 the UE camped on a normal network cell, boards a vehicle with the intention of going on a journey. The expectation is that the vehicle is stationary. At what point should the UE establish itself as on-board and reselect to the mIAB? In some instant it may be considered that it may not matter as the network provides good service. However, the UE may get better service on the mIAB, or the mIAB by way of being an IAB node may have better more reliable connectivity than the UE did to the gNB. 
It has been suggested during discussion in R2#119e that use of a broadcast mIAB mobility indication may enable the UE to access the mIAB. In this scenario of a single vehicle the use of such a broadcast parameter may be helpful establish the UE as being in proximity to the mIAB node. However it is clear that where multiple vehicles exist in close proximity the UE’s ability to differentiate between mIABs indicating mobility capability alone may not help on-boarding with the single intended mIAB.
Observation 1. In the limited scenario of a UE on-boarding a single vehicle, a mIAB node broadcasting a mobility indication may assist the UE in reselecting to the mIAB node.

As indicated in the case of multiple closely positioned vehicles with separate mIAB nodes the UE may have no clear way to differentiate between the mIAB nodes by only using a mIAB indication of mobile capability or of mIAB mobilty status (e.g. stationary/slow/fast etc.) as all nodes will exhibit the same indication.
Hence using a single broadcast mobility indication alone will not aid UE reselection when on-boarding a vehicle with a mIAB node in the case of several or many closely located vehicles. It is also not clear that a UE (capable of mIAB selection/reselection) just surrounding the vehicle would be able to avoid reselecting to the mIAB without other assisting factors.
Observation 2. In the scenario of multiple vehicles and a UE on-boarding one of the vehicles, where all vehicles indicate a mIAB mobility indication, the UE by use of only the broadcast mobility indication cannot unambiguously reselect to that vehicle’s mIAB node. 
Observation 3. In the scenario of a UE near to a vehicle with a mIAB mobility indication then the mobility indication on its own will not unambiguously assist the UE in not reselecting to any single/specific mIAB.
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Scenario 2. UE connected to mIAB leaves vehicle and connects to external gNB
In scenario 2, much the same way as in scenario 1, the UE is expected to leave a vehicle when it is stationary. Note, there could be contrived special scenarios where a moving UE leaves a vehicle that is moving, but for this release it seems prudent (complexity and time) to only consider on-boarding and leaving stationary vehicles.
Proposal 1: RAN2 only consider scenarios for selection/reselection for on-boarding and leaving a vehicle with a mIAB node when the vehicle is stationary.

In this scenario of leaving a stationary vehicle the UE could use existing legacy reselection behaviours to determine when the coverage from the mIAB is lost. In particular if the vehicle then moves away this would occur sooner than if the UE hung around a stationary vehicle.
However, it may be considered that the UE could determine that it has left the vehicle using other factors or measurements either related to the NAS or AS or unrelated 3GPP technology or features. In which case the reselection away from a vehicle with a mIAB node broadcasting a mobility indication could expedite the reselection step away from the mIAB, when the UE determines it is leaving the vehicle. However, in this scenario as the UE is aware of the cell ID it was attached to the UE can distinctly reselect away from the mIAB of the vehicle as it leaves it, on determination via other factors that it has left the vehicle. Hence it is noted that a mIAB indicating mobility is not needed in this case of reselecting away from the mIAB, as the UE knows the cell ID of the previously attached cell.
Observation 4. In both scenarios 1 and 2 the UE once on-board is expected to remain connected to the mIAB node of the vehicle and not reselect away from the vehicle mIAB whilst the vehicle is not moving. It is noted that for these scenarios in scenarios where the vehicle moves close to or stops next to another vehicle with a mIAB node, or close to a fixed cell connected to an external gNB, the UE should also remain on the selected mIAB node. The UE can do this through determination of a mobility state to achieve this.
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Scenario 3. UEs on-board vehicle in transit. During the journey mIAB performs full migration to new IAB-CU.
In scenario 3, the UE should remain connected to the mIAB regardless of whether the vehicle moves alongside other vehicles also travelling with the same speed and trajectory. In this case it was suggested at R2#119e that a mIAB mobility indication (capability or relative speed) could on its own ensure the UE does not reselect away from the mIAB. However, considering that the vehicle may become involved in a traffic jam for example and surrounded by several other mIABs this indication on its own cannot clearly differentiate the mIABs. Also, as discussed for scenario 1 & 2, it is assumed once identified as in an on-board state in the vehicle simple associating the on-board condition with the cell ID will be sufficient to ensure the UE does not reselect away from the mIAB of the vehicle, until such time it determines to leave the on-board status.
Proposal 2. Through establishing on-board state and reselecting to the mIAB of the vehicle the UE has on-boarded the UE can use this status when stationary or in motion as depicted in scenarios 1, 2 and 3 to maintain connectivity to the mIAB node.
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Scenario 4. Lines of similarly moving (or not) vehicles e.g. queuing to exit
Scenario 4 shows a situation where several (3 or more) vehicles each with a mIAB node sit nose to tail and side by side in a stationary or slow moving queue of traffic e.g. when leaving an event and all heading for the same exit. A UE climbs into one vehicle and may or may not connect to the mIAB in that vehicle, particularly if it passed one of the preceding vehicles on the way. At what point does the mIAB and UE in the same vehicle know that they are collocated? 
Based purely on legacy RRM measurements it seems this may take some time (if the vehicles are close and the queue is slow and long). Using a broadcast indicator to indicate mIAB mobility will not assist as all the neighbouring mIABs will set the same flag in the same way. In one sub-scenario the UE may have a stored information relating to the mIAB identity which it may use e.g. cell ID, particularly if the UE arrived in the same vehicle/mIAB or have a preconfigured value. A UE implementation may use such an optimisation to quickly resolve on-boarding ambiguities in the case of multiple vehicles in close proximity and not moving. 
Proposal 3. RAN2 should use the observations (1-4) captured for the scenarios described in this paper as a basis to develop requirements to guide good selection and reselection behaviour for UE vehicle on-boarding, continued connectivity whilst on-board and for leaving a vehicle to efficiently and accurately manage the connectivity to the mIAB.

Other approaches to maintain mIAB connectivity
In one solution the use of optimised RRM measurement reconfiguration using offset parameters to influence normal RF measurements may be used to keep a UE connected to a mIAB. This may be done in order to avoid reselection to other mIABs, IABs or fixed network cells. One consideration with such an approach is that if a UE has connected to the incorrect mIAB e.g. one on an adjacent vehicle initially moving at the same speed with the same trajectory (see scenario 4), then this mechanism may not be of benefit and could exacerbate reselection delays for the UE by it not being able to quickly reselect to the correct mIAB when the buses routes finally deviate. 
Proposal 4. When considering whether to use measurement offsets to control RRM measurements RAN2 should consider the scenario 4, where the UE having already selected the wrong mIAB and the potential impact in delay for the UE finally being able to reselect to the correct mIAB node.

Summary
Based on the above scenario considerations broadcasting a mobility indication or speed or high mobility indication alone is insufficient to reliably and quickly enable a UE to associate with the correct mIAB in a vehicle. In particular when a vehicle is surrounded by other vehicles with the same mobility and trajectory. 
Instead a definitive on-board selection step resulting in an on-board state is beneficial in controlling predictable UE behaviours for mIAB. Determination of an on-board state should be a UE implementation decision based on NAS and AS information for example signal strength, cell ID and detected speed which is indicated as assisting information to the higher layer. The use of a mobility indication may also be an assisting AS factor. Using a specific on-board state enables the relationship with the mIAB cell to be managed in a predictable manner regardless of the mIAB mobility indication, route, speed or other factors. 

Proposal 5. A UE On-Board state is determined by implementation in the UE higher layers, but assisted by 3GPP NAS and AS parameters or features. RAN2 may define AS factors it considers useful to indicate to the UE higher layer. FFS which AS assistance information is used by the UE higher layer to help determine UE on-board status.

Conclusion
We propose that RAN2 adopt the following in order to specify the selection and reselection behaviour for UEs operating with mIAB nodes.

Proposal 1: RAN2 only consider scenarios for selection/reselection for on-boarding and leaving a vehicle with a mIAB node when the vehicle is stationary.
Proposal 2. Through establishing on-board state and reselecting to the mIAB of the vehicle the UE has on-boarded the UE can use this status when stationary or in motion as depicted in scenarios 1, 2 and 3 to maintain connectivity to the mIAB node.
Proposal 3. RAN2 should use the observations (1-4) captured for the scenarios described in this paper as a basis to develop requirements to guide good selection and reselection behaviour for UE vehicle on-boarding, continued connectivity whilst on-board and for leaving a vehicle to efficiently and accurately manage the connectivity to the mIAB.
· Observation 1. In the limited scenario of a UE on-boarding a single vehicle, a mIAB node broadcasting a mobility indication may assist the UE in reselecting to the mIAB node.
· Observation 2. In the scenario of multiple vehicles and a UE on-boarding one of the vehicles, where all vehicles indicate a mIAB mobility indication, the UE by use of only the broadcast mobility indication cannot unambiguously reselect to that vehicle’s mIAB node. 
· Observation 3. In the scenario of a UE near to a vehicle with a mIAB mobility indication then the mobility indication on its own will not unambiguously assist the UE in not reselecting to any single/specific mIAB.
· Observation 4. In both scenarios 1 and 2 the UE once on-board is expected to remain connected to the mIAB node of the vehicle and not reselect away from the vehicle mIAB whilst the vehicle is not moving. It is noted that for these scenarios in scenarios where the vehicle moves close to or stops next to another vehicle with a mIAB node, or close to a fixed cell connected to an external gNB, the UE should also remain on the selected mIAB node. The UE can do this through determination of a mobility state to achieve this.
Proposal 4. When considering whether to use measurement offsets to control RRM measurements RAN2 should consider the scenario 4, where the UE having already selected the wrong mIAB and the potential impact in delay for the UE finally being able to reselect to the correct mIAB node.
Proposal 5. A UE On-Board state is determined by implementation in the UE higher layers, but assisted by 3GPP NAS and AS parameters or features. RAN2 may define AS factors it considers useful to indicate to the UE higher layer. FFS which AS assistance information is used by the UE higher layer to help determine UE on-board status.
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