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Introduction
It was agreed in RAN2 #121 meeting that if “mIAB-cell” indication is introduced in SIB, RAN2 assume the UE will prioritize mIAB-cell during inter-frequency cell reselection.
	· Working Assumption: support to have UE prioritization in cell reselection for mIAB cell(s), at least for inter-frequency cell-reselection. 
· FFS if UE search and measure for mIAB cells on different frequencies is unspecified (autonomous search), FFS if such search can be done without assistance frequency information. 


It was further discussed whether autonomous search could be used by mIAB or whether assistance information is needed to support autonomous searching. 
In this contribution, we first discuss further details about mobile IAB-cell prioritization, e.g. whether all types of UE should perform this prioritization or not, whether autonomous searching is beneficial to mobile IAB served UEs, etc.
Discussion
Specified behaviour for mIAB cell reselection
Whatever the solution adopted for mIAB cell reselection, to have a predictable behaviour, the cell that UE camps on has to conform to well specified UE behaviour and should not be left to UE implementation. Further, rather than define new concepts, well established principles should to be reused.  That is, UE still has to follow the existing principles of frequency prioritisation for inter-frequency reselection and best cell for intra-frequency reselection.   
Proposal 1: While any mIAB reselection enhancements can help the UE reselection process, the cell that UE camps on must still be based on the existing principle of frequency prioritisation for inter-frequency reselection and best cell for intra-frequency reselection.
Terminology of “physically onboard”
During RAN2 previous discussion, it was confused about the definition of “onboard” UE. For purpose of discussions in this document, we use the term “physically onboard UE” to denote a UE physically onboard the vehicle, but the UE may or may not be camped on the mIAB cell. This term is only used help understand the discussions and we do not see the need to use this term in the specifications and hence no need to define it formally.
Terminology: For purpose of discussions in this document, we use the term “physically onboard UE” to denote a UE physically onboard the vehicle. The UE may or may not be camped on the mIAB cell.
Scenarios to consider
In terms of mIAB, the following scenarios could happen:
1) Surrounding UE, i.e., UE not “physically onboard”.  This scenario is down-prioritised in the WID and not discussed further.
2) “Physically onboard” UE, that is not camping on the mIAB cell yet. These UEs should ideally reselect and camp on an mIAB cell.
3) “Physically onboard” UE camping on mIAB cell. These UEs should ideally continue to camp on an mIAB cell.
4) UEs getting “physically onboard” or leaving the mIAB.  These can be covered by the previous scenarios and not discussed further.
UE Mobility state of a physically onboard UE
Recalling the main motivation to optimize cell reselection for a physically onboard UE is to keep UE stay camping on the mobile IAB-cell by avoiding performing cell reselection towards other cells while it’s onboard. 
As defined in TS 38.304 [1], the UE mobility state is determined by how frequent cell reselection does a UE perform during a time period.
	Normal-mobility state criteria:
- If number of cell reselections during time period TCRmax is less than NCR_M.
Medium-mobility state criteria:
- If number of cell reselections during time period TCRmax is greater than or equal to NCR_M but less than or equal to NCR_H.
High-mobility state criteria:
- If number of cell reselections during time period TCRmax is greater than NCR_H.


Considering a UE which is physically on board and moving together with mobile IAB-cell, if the UE is determined as medium/high-mobility state, it indicates that this UE is frequently switched between different gNBs rather than camping on the mobile IAB-cell on the vehicle. On the other hand, if a UE is in normal-mobility state, it is either camped on the right mIAB-cell when it is physically onboard the vehicle (including UE is moving out of the vehicle), or it is a surrounding UE (including UE is going to be onboard).
It was questioned that the mobility state determination may consume a considerable amount of time which is much larger than the time frame taken by entering a vehicle. According to TS 38.331 [2], TCRmax can be configured to minimum 30 secs and maximum 240 secs. Besides, NCR_M and NCR_H could be set within the range of 1 to 16. There’s no problem the UE still camps on a non-mIAB cell while the vehicle is still stopped, since the original gNB-cell can still provide coverage for that UE. When the vehicle starts moving, while the UE hasn’t camped on the right mIAB-cell, the number of cell reselection could change frequently within a short time. In our understanding, with suitable configuration, mobility state of the UE can reflect the camping status of the UE correctly and to be used for cell reselection enhancements. 
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Another concern of using mobility state is that the number of cell reselection will also include the case where mobile IAB-DU performs DU migration or PCI change. However, compared with fast cell reselections among other non-mIAB cells of the physically onboard UE, the cell reselection caused by inter-CU migration and/or PCI change will be negligible. 
Observation 1: Mobility state of a UE can help to identify whether a UE camps on mobile IAB-cell when it is physically onboard the vehicle. A physically onboard normal-mobility UE is highly likely camped on a mobile IAB-cell.  A physically onboard UE not camping on a mIAB cell is highly likely to be in Medium or High-mobility states. The cell reselection caused by inter-CU migration/PCI change is negligible compared to the number of cell reselection of a medium/high mobility state UE caused by camping on non-mIAB-cell.

mIAB Cell reselection prioritization for a physically onboard UE
In this section, we mainly focus on how the physically onboard UE can prioritize mobile IAB-cell cell reselection when needed and stay with the mobile IAB-cell when moving together with the vehicle (that is, scenarios 2 and 3 above).
Physically onboard UE that is not camping on mIAB cell
A UE physically onboard the vehicle but that is not yet camped on the mIAB cell should ideally reselect the mIAB cell. If the UE is camped on a different frequency that has a priority higher than mIAB cell frequency, the UE may never reselect the mIAB cell.  It may not always be a good option to set mIAB frequency as the highest priority in the neighbouring cells as it will overload that frequency with IDLE/INACTIVE UEs.   Hence an additional mechanism can be useful for pull an “onboard” UE to camp on mIAB cell.
Observation 2: Hence an additional mechanism (except setting mIAB-cell’s frequency as highest frequency during inter-frequency cell reselection) can be useful for pull an “onboard” UE to camp on mIAB cell.

Duration of onboard
Following observation was captured in RAN2 #119bis-e meeting notes:
	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.


It is noted that the “period” mentioned in above section is counted since the UE starts camping on/connecting to a mobile IAB-cell. If a UE is physically onboard, but not camping on the mobile IAB-cell yet, the duration will remain zero. Hence, any frequency prioritisation/best cell requirements optimization based on the duration of a UE camping/connecting to a mobile IAB-cell (e.g. prioritize mobile IAB-cell if a UE camping on a mobile IAB-cell during a long period) will not help to get a UE physically onboard but not yet camped on mIAB cell to reselect the mIAB cell, as the UE couldn’t identify itself as onboard to adopt such frequency/cell prioritisation.
Observation 3: A physically onboard UE not camping on a mIAB cell cannot prioritize the mobile IAB-cell based on the duration of a UE camping/connecting to a mobile IAB-cell.

Autonomous search for mIAB
In S2-2211437 [3], SA2 informed RAN2 that they has reached conclusion to use CAG function to control UE accessing to the mobile IAB-cell.
	Additionally, SA2 would like to further inform that SA2 has reached conclusions for KI#7 in SA2 study related to control of UE access to MBSR using CAG function. See more detailed text in clause 8.7 of the latest TR 23.700-05v1.2.0.  


As captured in TS 38.304 [1], the UE may optionally use an autonomous search function to detect CAG cells.
	5.2.4.10 Cell reselection with CAG cells
In addition to normal cell reselection, a UE may optionally use an autonomous search function to detect CAG cells on serving and non-serving frequencies. However UE shall follow the cell reselection criteria based on dedicated frequency priorities and only follow the autonomous cell search result if the result fulfils also the existing cell reselection criteria based on dedicated frequency priorities


CAG autonomous prioritisation depend on fixed location of the cell and UE initiates autonomous prioritisation based on UE location/RF fingerprint.  If CAG access control is used for mIAB cell, and UE does CAG selection to initially gain access to mIAB CAG cell, and UE has a habit of getting “onboard” the vehicle at the same place frequently, existing autonomous search function can be helpful.  However, for general use, the fixed location or CAG access does not apply, and hence autonomous search in itself is not a general solution for a UE that is going to be physically onboard and is not camping on mIAB cell to reselect an mIAB cell.  
It should also be noted that autonomous search in itself does not change the priorisation of a frequency/cell.  Hence while it can help UE find a cell, UE will not camp on an mIAB cell unless it also meets the frequency prioritisation/best cell requirements.  Hence it is not a sufficient solution for this scenario to make a physically onboard UE camp on an mIAB cell and continue camping on it.
Observation 4: Autonomous search in itself is not a sufficient solution for an physically Onboard UE that is not camping on mIAB cell to reselect an mIAB cell.
Proposal 2: While autonomous search may be used by the UE to find an mIAB cell as an implementation option, it is not specified as a solution for mIAB reselection. 
HSDN prioritisation mechanism for mIAB
With HSDN prioritisation mechanism, UE in high mobility state prioritises HSDN cells.  HSDN indication is provided in the HSDN cells and neighbouring HSDN PCI range is broadcast in SIB3 for intra-frequency (i.e. intraFreqNeighHSDN-CellList-r17) and frequency+PCI range in SIB4 for inter-frequency cells (interFreqNeighHSDN-CellList-r17).  The UE uses this list to consider the HSDN “cell” as high priority when in high mobility state.
This concept can be adapted to prioritise an mIAB cell.  A physically onboard UE that has not camped on an mIAB cell will be in high mobility state as it reselects neighbouring cells when the vehicle moves. If the UE in medium/high mobility state prioritises the mIAB cell, the UE will reselect it while it is still physically onboard.
This will require the mIAB cell to broadcast mIAB-cell indication, as well as neighbouring cells to broadcast intra and inter-frequency mIAB frequency/PCI range (similar to HSDN).
Once camped on the mIAB cell, the UE will drop to normal mobility state as there is no further cell crossing while the UE is still physically onboard, irrespective of the vehicle speed.  
Observation 5: HSDN prioritisation concept can be adapted to mIAB to help a physically onboard UE to prioritise and reselect an mIAB cell.
Proposal 3: HSDN prioritisation concept is adapted and used to mIAB to help a physically onboard UE prioritise and reselect an mIAB cell.  mIAB-cell broadcasts mIAB-cell indication, and neighbouring cells broadcasts intra-/inter-frequency mobile IAB-cell frequency and PCI range.
Physically onboard UE that is camping on mIAB cell
After camping on mIAB cell, a physically onboard UE should ideally continue to camp on the mIAB cell.  During intra-frequency cell reselection, it may be difficult to guarantee the mobile IAB-cell to always be the highest ranking and other enhancements could be looked at.
Inter-frequency prioritisation
As discussed above, the physically onboard UE will be in normal mobility state while camped on the mIAB cell.  Hence the mechanism discussed in the previous section will no longer prioritise the mIAB cell.  However, it is sufficient to use the existing inter-frequency priority mechanisms for this case.  This could be achieved by network implementation to set mobile IAB-cell itself cellReselectionPriority in its SIB2 with higher absolute priority compared to neighbouring cell frequencies .  After the UE gets outside of the vehicle (no longer physically onboard), it will leave the normal coverage of the mobile IAB-cell very soon (as the vehicle or UE move away from each other) and prioritizing mobile IAB-cell will be stopped.
Observation 6: After camping on a mobile IAB-cell, mobile IAB-cell itself broadcast its cellReselectionPriority in SIB2 with higher absolute priority such that the physically onboard UE prioritises the current mIAB frequency based on existing inter-frequency prioritisation mechanisms.

Intra-frequency cell reselection
As defined in TS38.304 [2]:
	the UE shall reselect the new cell, only if the following conditions are met:
- the new cell is better than the serving cell according to the cell reselection criteria specified above during a time
interval TreselectionRAT;
- more than 1 second has elapsed since the UE camped on the current serving cell.


The maximum value of T-Reselection is 7 secs, as captured in TS38.331 [3]:
	-- ASN1START
-- TAG-TRESELECTION-START
T-Reselection ::= INTEGER (0..7)
-- TAG-TRESELECTION-STOP
-- ASN1STOP


However, when the vehicle is moving, the vehicle together with its served UEs may be exposed to normal gNBs that may have a better signal strength than the mobile IAB-cell temporarily but longer than 7 secs. If the vehicle is temporarily stopped (due to traffic jam, at bus stop, etc), the onboard UEs may reselect that normal gNB rather than staying with its mobile IAB-cell. 
If we extend T-Reselection timer and allow the UE to measure the cell signaling strength in a longer period, the signaling strength of the neighbouring normal gNB(s) will naturally not be higher over the longer period, (i.e. vehicle moves closer to the normal gNB and then moves away).
With that, the UE could naturally select the cell with highest ranked cell based on the measurement result but will not reselect neighbouring normal cells that will not be stronger over a longer period. The selected cell (no matter mobile IAB-cell or normal gNB) is the best camping cell for the UE.
Proposal 4: Extend T-Reselection to a longer period to prevent temporary reselecting neighbouring non-mIAB cells while the UE is physically onboard and camped on mIAB cell.  FFS on the exact value.
Conclusion
In this contribution, we first discuss the scenarios where cell reselection optimization for a physically onboard UE need to consider. Then discussed why existing frequency prioritization/best cell selection mechanism and autonomous search for mIAB is not sufficient. Then propose an optimization similar as HSDN prioritization to help a physically onboard UE reselect an mIAB cell and how to keep the UE camped on mobile IAB-cell while it is physically onboard.
We have following observations and proposals:
Proposal 1: While any mIAB reselection enhancements can help the UE reselection process, the cell that UE camps on must still be based on the existing principle of frequency prioritisation for inter-frequency reselection and best cell for intra-frequency reselection.
Terminology: For purpose of discussions in this document, we use the term “physically onboard UE” to denote a UE physically onboard the vehicle. The UE may or may not be camped on the mIAB cell.
Observation 1: Mobility state of a UE can help to identify whether a UE camps on mobile IAB-cell when it is physically onboard the vehicle. A physically onboard normal-mobility UE is highly likely camped on a mobile IAB-cell.  A physically onboard UE not camping on a mIAB cell is highly likely to be in Medium or High-mobility states. The cell reselection caused by inter-CU migration/PCI change is negligible compared to the number of cell reselection of a medium/high mobility state UE caused by camping on non-mIAB-cell.
Observation 2: Hence an additional mechanism (except setting mIAB-cell’s frequency as highest frequency during inter-frequency cell reselection) can be useful for pull an “onboard” UE to camp on mIAB cell.
Observation 3: A physically onboard UE not camping on a mIAB cell cannot prioritize the mobile IAB-cell based on the duration of a UE camping/connecting to a mobile IAB-cell.
Observation 4: Autonomous search in itself is not a sufficient solution for an physically Onboard UE that is not camping on mIAB cell to reselect an mIAB cell.
Proposal 2: While autonomous search may be used by the UE to find an mIAB cell as an implementation option, it is not specified as a solution for mIAB reselection. 
Observation 5: HSDN prioritisation concept can be adapted to mIAB to help a physically onboard UE to prioritise and reselect an mIAB cell.
Proposal 3: HSDN prioritisation concept is adapted and used to mIAB to help a physically onboard UE prioritise and reselect an mIAB cell.  mIAB-cell broadcasts mIAB-cell indication, and neighbouring cells broadcasts intra-/inter-frequency mobile IAB-cell frequency and PCI range.
Observation 6: After camping on a mobile IAB-cell, mobile IAB-cell itself broadcast its cellReselectionPriority in SIB2 with higher absolute priority such that the physically onboard UE prioritises the current mIAB frequency based on existing inter-frequency prioritisation mechanisms.
Proposal 4: Extend T-Reselection to a longer period to prevent temporary reselecting neighbouring non-mIAB cells while the UE is physically onboard and camped on mIAB cell.  FFS on the exact value.
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- MobilityStateParameters
‘The IE MobilityStateParameters contains parameters to determine UE mobility state.

MobilityStateParameters information element

MobilityStateParameters :: SEQUENCE(
t-Evaluation ENUMERATED {
230, 60, 3120, s180, 5240, spare3, spare2, sparel},
t-fiystNormal ENUMERATED {
230, 60, 5120, s180, 5240, spare3, spare2, sparel},
n-CellChangeMedium INTEGER (1..16),
n-CellChangeHigh INTEGER (1..16)

MobilityStateParameters field descriptions
n-CellChangeHigh
The number of cell changes to enter high mobility state. Corresponds to Nea_ in TS 38.304 [20].
n-CellChangeMedium
The number of cell changes to enter medium mobility state. Corresponds to Nor_w in TS 38.304 [20].
t-Evaluation
The duration for evaluating criteria to enter mobility states. Corresponds to Tcamax in TS 38.304 [20]. Value in seconds, s30 corresponds to 30 s and so on.
tHystNormal
The additional duration for evaluating criteria to enter normal mobility state. Corresponds to Tcamaxyst in TS 38.304 [20]. Value in seconds, value s30 corresponds to 30
seconds and so on.





