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Introduction
[bookmark: _Hlk66110521]In RAN2#115 e-meeting, it was agreed that RAN2 should continue discussing the exact solution for TN prioritization over NTN for idle mode [1], and this conclusion is based on the results of the email discussion R2-2109136 [2]. The discussion in R2-2109136 focused on the principle to prioritize TN over NTN, as well as on the methods for reducing UE power consumption in the process of prioritizing TN over NTN. The options listed below are concluded as the preferred way forward in the email discussion.
	1.	Principle for prioritizing TN over NTN
· Option 2: Indicate in the system information of TN or NTN cell or both, the need to prioritize TN in the area the NTN/TN cells are covering. FFS, if prioritizing happens in measurement stage, cell ranking, or prior to selecting the suitable cell. 
· Option 3: Broadcast in system information a TN or NTN specific offset to be applied to RSRP measurement result for cell quality.
2.	Principle for reducing UE power consumption 
· Option 1: UE is informed in system information about coverage of TN network e.g. in a similar manner as NTN Ephemeris.
· Option 2: UE applies measurement relaxations if spotty coverage of TN is found. FFS how it is known.


In this paper, the above options/issues are further investigated and several remedies are proposed with the intention to facilitate the prioritization of TN over NTN and UE power saving.

Discussion
In case a UE is capable of connecting to either the TN cell or NTN cell, it is preferred that the UE shall prioritize the TN cell over the NTN cell at least for the cell reselection procedure, as shown in the following agreements in RAN2#114-e and RAN2#115-e meeting [1][3]. One remarkable benefit of prioritizing TN over NTN is that UE is expected to have higher data throughput and smaller data transmission delay while being served in a TN cell compared to while being served in an NTN cell.
	Agreements in RAN2#114 e-meeting
· For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS 
· Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.
Agreements in RAN2#115 e-meeting
· RAN2 continue discussing the exact solution for TN priorization over NTN for idle mode.


There are several ways the network can employ to make UE prioritize TN over NTN during the cell reselection procedure. For example, if TN is operating in the frequency range that is different from the frequency range of NTN, the network can assign higher priorities to the TN frequencies listed in SIB4 (higher than the priorities assigned to the NTN frequencies). In this way, UE will prioritize the search/measurement of the TN frequencies and will camp on the TN cell once it finds a qualified TN cell. Instead of the network assigning an absolute priority to a certain frequency, UE may automatically prioritize (give a higher priority to) a frequency if the UE detects a TN cell or an NTN cell on that frequency, which depends on whether the UE is configured to prioritize TN or NTN. In contrast, the UE may also automatically give a frequency low priority if the UE does not detect any TN/NTN cell in that frequency carrier.
[bookmark: _Toc85725037]If NTN and TN operate on different frequencies, the network can assign higher priorities to the TN frequencies listed in SIB4 (higher than the priorities assigned to the NTN frequencies), to make UE prioritize the search/measurement on the TN frequencies and incline to camp on a TN cell.
On the other hand, if TN is operating in the same frequency range as the NTN is, the network can assign a cell-specific offset (i.e., q-OffsetCell) to a particular TN cell listed in SIB3 to elevate the ranking of that TN cell and therefore to increase the chance that the UE would camp on that cell. However, since there might be too many TN cells deployed within the coverage of an NTN cell, broadcasting individually a cell-specific offset and the associated cell identity for each TN cell in SIB3 might bring significant signaling overheads and hence might be not acceptable. In this case, it may be more efficient to broadcast a common offset value in SIB3 (i.e., having a new IE without being associated with any cell in SIB3) that is applicable to all TN cells within the coverage of the NTN cell.
[bookmark: _Toc85725038]If NTN and TN operate on the same frequency, the network can assign a cell-specific offset (i.e., q-OffsetCell) to a particular TN cell listed in SIB3 to elevate the ranking of that TN cell and therefore to increase the chance that the UE would camp on that cell.
Although the network can use the existing mechanism to configure a higher priority to a TN frequency, allowing UE to distinguish the TN frequency among the high-priority frequencies would be beneficial in optimizing UE’s behavior on measuring the TN frequency, which would help reduce UE’s power consumption. On the other hand, if the TN and NTN are operating in the same frequency, and if a common offset is to be applied to each TN cell, UE needs to know which cell is a TN cell and which is not, in order to apply the offset correctly.
[bookmark: _Toc85725080]The NTN may indicate in the frequency list (in SIB4) whether a listed frequency is a TN frequency or a NTN frequency.
The NTN may indicate in the cell list (in SIB3) whether a listed cell is a TN cell or a NTN cell.
If UE is able to know which frequencies are TN frequencies among the higher-priority frequencies, it is possible to tailor the UE with different TN measurement requirements under different situations. Without the tailored requirement, the measurement interval for measuring the higher-priority frequency is at least 60-second long (could be more than 60 seconds if there are multiple higher-priority frequencies listed in SIB4), which might be too long for a UE in the vicinity of a TN cell, and might be too short for a UE far away from any TN deployment. Since an NTN cell is typically much larger than a TN cell and the deployment of TN cells can be very sparse within an NTN cell coverage, it would be ideal if UE can measure more frequently when UE is in the vicinity of a TN cell and measure less frequently otherwise. There could be multiple ways to determine whether the UE is in the vicinity of the TN deployment. For example, UE may compare its position (i.e., the GNSS coordinate) with the TN cell/region location information provided by the network and determine whether it is within the vicinity of the TN deployment. In another example, UE may determine whether it is within the vicinity of the TN deployment based on how long it has not detected a TN cell. These details can be discussed as the next step as long as the high-level principle can be agreed upon.
[bookmark: _Toc85725081]For measuring the TN frequency/cell, NTN UE complies with different measurement requirements, depending on whether the UE is in the vicinity of the TN deployment. FFS on the details for determining whether the UE is in the vicinity of the TN deployment.
The criteria for relaxed measurement defined in 3GPP TS 38.304 Release 16 [4] aims to reduce UE’s power consumption when UE is almost stationary or is not located at the cell edge. However, neither the low-mobility criterion nor the not-at-cell-edge criterion described in subclause 2.2.1 works as expected in the NTN scenario, due to the small variation and slow attenuation of the signal strength observed by the UE from different locations on the Earth. More specifically, the UE camping on the NTN cell can fulfill both criteria easily and hence be always allowed to relax the intra-frequency, inter-frequency, and inter-RAT measurement, which may hinder the UE from switching to a TN cell as it may take a long time for such a UE to find/detect a TN cell.
To address this issue, one possible remedy is to avoid applying the relaxed measurement criteria/requirements defined in subclause 5.2.4.9 of TS 38.304 [4], when UE is within the vicinity of TN deployment. Similar to Proposal 2, the details on how to determine whether the UE is in the vicinity of the TN deployment is FFS.
[bookmark: _Toc85725082]If UE is within the vicinity of TN deployment, UE shall not apply any of the relaxed measurement criteria defined in subclause 5.2.4.9 of TS 38.304 [4].
Alternatively, we may re-define the low-mobility criterion and/or the not-at-cell-edge criterion and make them more applicable to the NTN scenario. However, as the remaining time for Release 17 is very limited and hence it is better to further study such a possibility in Release 18.  
Last but not least, even if the network can configure the UE behavior in a way that UE should prioritize the TN over NTN in the cell reselection process, there are certain situations UE shouldn’t prioritize the TN cell and these situations could be only known to the UE. One of such situations is that when UE is moving fast (i.e., UE has high mobility), it is better for the UE to stay in the NTN cell instead of switching to the TN cell, since normally an NTN cell is much larger than a TN cell and hence staying in the NTN cell would prevent the UE from keeping switching its serving cell while moving. Therefore, it would be better if UE can have the final decision on whether to prioritize TN cells based on UE’s mobility and/or any other aspects, even if the network has configured the prioritization parameters/IEs.
[bookmark: _Toc85725083]The final decision on whether to prioritize TN over NTN in the cell reselection process is at the UE side, even if the network has configured the prioritization parameters/IEs.

Conclusion
In this paper, several observations are made with regard to the issues on prioritizing the TN over NTN in the measurement and cell reselection procedure. 
Observation 1	If NTN and TN operate on different frequencies, the network can assign higher priorities to the TN frequencies listed in SIB4 (higher than the priorities assigned to the NTN frequencies), to make UE prioritize the search/measurement on the TN frequencies and incline to camp on a TN cell.
Observation 2	If NTN and TN operate on the same frequency, the network can assign a cell-specific offset (i.e., q-OffsetCell) to a particular TN cell listed in SIB3 to elevate the ranking of that TN cell and therefore to increase the chance that the UE would camp on that cell.
Based on the observations, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	The NTN may indicate in the frequency list (in SIB4) whether a listed frequency is a TN frequency or a NTN frequency.
Proposal 2	The NTN may indicate in the cell list (in SIB3) whether a listed cell is a TN cell or a NTN cell.

Proposal 3	For measuring the TN frequency/cell, NTN UE complies with different measurement requirements, depending on whether the UE is in the vicinity of the TN deployment. FFS on the details for determining whether the UE is in the vicinity of the TN deployment.
Proposal 4	If UE is within the vicinity of TN deployment, UE shall not apply any of the relaxed measurement criteria defined in subclause 5.2.4.9 of TS 38.304 [4].
Proposal 5	The final decision on whether to prioritize TN over NTN in the cell reselection process is at the UE side, even if the network has configured the prioritization parameters/IEs.
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