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Introduction
During RAN2 #123bis meeting, it was agreed that mIAB PCI list will be introduced as part of assistance information in SIB4 with following FFS:
	· P1: mIAB PCI list is optional present (i.e., not mandatory) for indicated mIAB frequency (confirming that mIAB PCI list is introduced)
· FFS: 
P2: To discuss further  if mIAB PCI list is not necessarily exclusive, i.e., the PCI list may or may not include PCIs of non-mIAB cell. 
P3: To discuss further if mIAB PCI list is not necessarily complete, i.e., the PCI list may or may not include all possible mIAB PCIs.


 In this contribution, we continue discuss remaining open issues on cell (re)selection and frequency of mobile IAB-cell prioritization.
Discussion
Frequency prioritization for mIAB
Clarification of SIB1/4 usage
In the beginning, we would like to summarize the background of discussing frequency prioritization for UEs on a moving vehicle with mobile IAB-cell. 
During RAN2 #120 meeting, mobile IAB-cell type indication in SIB1 was introduced with the assumption that some related UE behavior will be specified. However, at that time, the scenario of when UE should prioritize the frequency of a mobile IAB-cell is not clear. RAN2 further progressed RAN2 #122 meeting and clarified that RAN2 will focus on two problems to address UE’s RRC_IDLE/INACTIVE state:
	- 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.


To address above two problems, RAN2 further agreed on following UE behavior:
	- 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.


Based on our understanding, SIB4 and SIB1 are agreed to address above Problem 1 and Problem 2, respectively. That is, before UE camped on its mobile IAB-cell (Problem 1) and is camped on a different frequency, UE may use assistance information with PCI list provided by SIB4 to prioritize frequency of mobile IAB-cell; after UE camped on a mobile IAB-cell (Problem 2), UE uses SIB1 to continue prioritize frequency of mobile IAB-cell and avoid reselecting to other non-mIAB cells.
Observation 1: SIB4 and SIB1 are used by the UE at different stages, i.e. SIB4 is used to help UE identify and prioritize a frequency of mobile IAB-cell while camping on another frequency and before camping on a mobile IAB-cell (i.e. to address Problem 1), SIB1 can be used to help UE continue prioritize the frequency of the camped mobile IAB-cell (i.e. to address Problem 2).
There is no change in intra-frequency cell reselection mechanism due to mIAB – UE will always camp on the best cell and does not use the mIAB indication in SIB1 for this purpose.
PCI list in SIB4
With the above clarification and understanding, we further discuss the details of PCI list in SIB4. 
In order to make mIAB cell frequency the highest priority while the UE is in another frequency and before UE camping on a mobile IAB-cell, the UE (currently camped on a stationary cell) needs to be aware if the neighbouring inter-frequency cell is a mobile IAB-cell and this should be done without reading SIB1. A PCI list in SIB4 would be a simple way to do that.  The UE knows the PCIs of the neighbouring inter-frequency cells during the measurements and simply needs to check it against the mobile IAB-cell PCI list in SIB4.
It was agreed during RAN3 #117e meeting that PCI space partitioning can be used to avoid of PCI collisions.
	PCI space partitioning via OAM configuration can be used in some cases for avoidance of PCI collisions.


By pre-configuration from OAM, it becomes easy to populate SIB4 to include the list of PCIs used by mIAB cells. To reduce PCI collision, reserving a range of PCIs for mobile IAB-cells is a most efficient way to be considered by operator for deployment, where this PCI list is complete and exclusive for mobile IAB-cells. 
Observation 2: PCI list of mIAB cells in SIB4 provides a simple means to identify the inter-frequency neighbour cell is a mIAB cell or not.  It is sufficient to populate SIB4 semi-statically with a list of PCIs that are being reserved for mIAB cells in the region, as agreed by RAN3 via PCI space partitioning via OAM configuration.  
If the PCI list is not complete (i.e., does not include all the PCIs used by mIAB cells and the PCI of a mIAB cell is not part of the SIB4 PCI list), the UE will not be able to identify the mIAB cell that is not part of this PCI list in a neighbouring frequency.  Hence it does not serve the objective of having the PCI list in SIB4 being used to identify mIAB in a neighbouring frequency without having to read SIB1 of the neighbouring inter-frequency cell, which further increase UE’s complexity, battery consumption and possibly missing Paging messages. 
Observation 3: If the PCI list in SIB4 is not complete, the UE will not be able to easily identify the mIAB cell that is not part of this PCI list in a neighbouring frequency, leading to additional battery consumption and possibly missing Paging messages.
If the PCI list is not exclusive (i.e,, it also includes PCIs of cells that are not mIAB cells), UE will consider the cell in this list as a mIAB cell and prioritise that frequency.  It is only after reading SIB1 of that cell will the UE realise that it is not a mIAB cell.  This will result in UE unnecessarily attempting to reselect a neighbouring frequency cell and reading SIB1, leading to additional battery consumption and possibly missing Paging messages.  
Observation 4: If the PCI list in SIB4 is not exclusive, the UE still needs to read SIB1 to confirm whether the cell is a mIAB cell, leading to additional battery consumption and possibly missing Paging messages.
By considering above, the neighbouring stationary nodes can broadcast this reserved range of a complete and exclusive PCI list as assistance information in SIB4 without frequent changes in SIB or coordination between nodes. 
Proposal 1: A list of PCIs, which is supposed to be complete and exclusive for mobile IAB-cells, is provided in SIB4 as assistance information to identify whether an inter-frequency neighbour cell is a mIAB cell.
It was also proposed by some companies that SIB1 may also be reused to address Problem 1. However, if the UE prioritises the mIAB cell frequency without checking if the inter-frequency neighbour cell is a mIAB cell, it will result in an overload of that frequency as all UEs that considers itself on board based on implementations will prioritise that frequency. Today, the UE is not normally required to read the SIB of a neighbouring cell during frequency prioritization. If the UE is required to do that for cell reselection, it will take additional battery consumption, especially for the case where the selected cell may not be a mobile IAB-cell. However, with the complete and exclusive PCI list for mobile IAB-cells, the UE can straightforwardly identify that the best cell on that frequency is a mobile IAB cell when it still camps on the current non-mobile IAB-cell. There’s no need to read SIB1 again to confirm further whether it is a mobile IAB-cell or not. 
Proposal 2: For a UE that is physically on a moving vehicle but not camped on its mobile IAB-cell yet, follow the existing principle that UE is not required to read the SIB1 of the inter-frequency neighbouring cells for cell reselection (i.e., to identify that the cell is an mIAB cell to prioritse the frequency).  
UE behavior
In this section, we further summarize the clear UE behavior before and after camping on a mobile IAB-cell.
For a UE that is physically on a moving vehicle and is camped on a different frequency to mobile IAB-cell, if assistance information (i.e. PCI list) is provided in its current camped neighbouring cell’s SIB4, the UE can identify the frequency of a mobile IAB-cell as well as the cell is a mobile IAB-cell directly from SIB4 information. If assistance information is not provided, which implicitly indicate that network doesn’t want to let UE prioritize a mobile IAB-cell or there will be no mobile IAB-cell around, the frequency prioritization for mIAB is not applicable for this UE.
Proposal 3: For a UE that is physically on a moving vehicle camped on a different frequency than the mobile IAB-cell, the UE may consider the frequency of the mobile IAB cell to be the highest priority. The UE may identify a cell as a mobile IAB cell based on assistance information in mobile IAB PCI list in SIB4, if broadcasted. If frequency assistance information is not provided, the frequency prioritization for mIAB is not applicable for this UE.
After the UE physically on a moving vehicle is camped on the mobile IAB cell, if SIB1 is broadcasted by UE’s current camped cell, the UE should continue prioritize the frequency of the current camped cell.
Proposal 4: For a UE physically on a moving vehicle, if the UE is camped on the mobile IAB cell, the UE may consider to continue to prioritize the frequency of camped mobile IAB-cell based on mobile IAB-cell type indication provided in SIB1, if broadcasted. 
TP to the corresponding behavior
Based on above discussion, we think there’s a need to clarify the scenario when SIB1 and SIB4 is used by the UE for frequency prioritization, e.g. based on UE camping status. The proposed TP to TS38.304 [X] is shown as the follow:
	A UE on a vehicle with a mobile IAB-cell may consider the frequency providing mobile IAB cell to be the highest priority if the mIAB cell is the best cell on that frequency. The UE may identify a cell as a mobile IAB cell based on assistance information in mobile IAB PCI list in SIB4, if broadcasted, while camping on another frequency and before camping on a mobile IAB-cell. The UE may continue prioritize the frequency of the camped mobile IAB-cell (i.e. cell broadcasting mobile cell indicator as defined in TS38.331).


Proposal 5: RAN2 to agree on below TP to TS38.304:
A UE on a vehicle with a mobile IAB-cell may consider the frequency providing mobile IAB cell to be the highest priority. The UE may identify a cell as a mobile IAB cell based on assistance information in mobile IAB PCI list in SIB4, if broadcasted, while camping on another frequency and before camping on a mobile IAB-cell. The UE may continue prioritize the frequency of the camped mobile IAB-cell (i.e. cell broadcasting mobile cell indicator as defined in TS38.331).
Best cell?
It was questioned during [Post123][049][mIAB] Running CR 38304 (Intel), whether the UE can only consider to prioritize the frequency if mobile IAB-cell is the best cell or is it sufficient if mobile IAB-cell is a suitable cell. The main difference between the two is whether UE needs to work out the best cell before checking if it is a mIAB cell.  In our understanding, UE can work out the best cell from the inter-frequency neighbour cell measurements.  Hence, we don’t think using the best cell adds more complexity to the UE.
On the other hand, if we don’t use best cell, and UE will prioritise that carrier after detecting a suitable mIAB cell on that frequency, UE will then camp on the best cell on that mIAB carrier following existing cell ranking mechanism.  However, this cell may not be a mIAB cell.  During RAN2 #123 meeting, it was agreed that no further optimization is considered for intra-frequency cell reselection, which means the UE should still follow cell ranking and select the best cell even if it is not a mIAB cell. The UE behaviour then is unclear – should it continue to prioritise this carrier?  If so, it still needs to be based on the best intra-frequency cell even it is not a mobile IAB-cell.  If it doesn’t continue prioritise this carrier, UE will drop back to the previous carrier and ping pong between the carriers.  
Proposal 6: RAN2 to discuss 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), whether it can prioritize mobile IAB frequency regardless if a mobile IAB cell is the best cell.
Conclusion
In this contribution, we continue discuss the remaining open issues of UE cell reselection frequency prioritization.
In summary, we have following proposals and observations:
Observation 1: SIB4 and SIB1 are used by the UE at different stages, i.e. SIB4 is used to help UE identify and prioritize a frequency of mobile IAB-cell while camping on another frequency and before camping on a mobile IAB-cell (i.e. to address Problem 1), SIB1 can be used to help UE continue prioritize the frequency of the camped mobile IAB-cell (i.e. to address Problem 2).
Observation 2: PCI list of mIAB cells in SIB4 provides a simple means to identify the inter-frequency neighbour cell is a mIAB cell or not.  It is sufficient to populate SIB4 semi-statically with a list of PCIs that are being reserved for mIAB cells in the region, as agreed by RAN3 via PCI space partitioning via OAM configuration.  
Observation 3: If the PCI list in SIB4 is not complete, the UE will not be able to easily identify the mIAB cell that is not part of this PCI list in a neighbouring frequency, leading to additional battery consumption and possibly missing Paging messages.
Observation 4: If the PCI list in SIB4 is not exclusive, the UE still needs to read SIB1 to confirm whether the cell is a mIAB cell, leading to additional battery consumption and possibly missing Paging messages.
Proposal 1: A list of PCIs, which is supposed to be complete and exclusive for mobile IAB-cells, is provided in SIB4 as assistance information to identify whether an inter-frequency neighbour cell is a mIAB cell.
Proposal 2: For a UE that is physically on a moving vehicle but not camped on its mobile IAB-cell yet, follow the existing principle that UE is not required to read the SIB1 of the inter-frequency neighbouring cells for cell reselection (i.e., to identify that the cell is an mIAB cell to prioritse the frequency).  
Proposal 3: For a UE that is physically on a moving vehicle camped on a different frequency than the mobile IAB-cell, the UE may consider the frequency of the mobile IAB cell to be the highest priority. The UE may identify a cell as a mobile IAB cell based on assistance information in mobile IAB PCI list in SIB4, if broadcasted. If frequency assistance information is not provided, the frequency prioritization for mIAB is not applicable for this UE.
Proposal 4: For a UE physically on a moving vehicle, if the UE is camped on the mobile IAB cell, the UE may consider to continue to prioritize the frequency of camped mobile IAB-cell based on mobile IAB-cell type indication provided in SIB1, if broadcasted. 
Proposal 5: RAN2 to agree on below TP to TS38.304:
A UE on a vehicle with a mobile IAB-cell may consider the frequency providing mobile IAB cell to be the highest priority. The UE may identify a cell as a mobile IAB cell based on assistance information in mobile IAB PCI list in SIB4, if broadcasted, while camping on another frequency and before camping on a mobile IAB-cell. The UE may continue prioritize the frequency of the camped mobile IAB-cell (i.e. cell broadcasting mobile cell indicator as defined in TS38.331).
Proposal 6: RAN2 to discuss 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), whether it can prioritize mobile IAB frequency regardless if a mobile IAB cell is the best cell.
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