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Introduction 
In RAN2#115e meeting, several agreements have been made with respect to TN-NTN mobility as below:
3.	RAN2 down priorities further enhancements for connected mode for Rel-17 for TN-NTN mobility	
[bookmark: _Hlk85231687][bookmark: _Hlk85226981]4.	RAN2 continue discussing the exact solution for TN prioritization over NTN for idle mode	

For connected mode, legacy handover and CHO enhancements agreed for intra-NTN can also be applied to TN-NTN mobility, so specific enhancements for connected mode are down prioritized. But for idle mode, the discussion point is still on whether UE can reuse legacy mechanism to achieve TN prioritization over NTN. In this contribution, we further discuss how to apply and enhance legacy mechanism for this purpose.
Discussion 
Inter-frequency deployment
In the legacy cell reselection procedures, the main principle is based on frequency priority. The field cellReselectionPriority and cellReselectionSubPriority are the absolute priorities of the concerned carrier frequency, i.e., serving frequency and each neighbour frequency can have the corresponding priority.
If TN and NTN are deployed with different frequencies, TN can be set with a higher priority while NTN’s frequency is with lower priority. When UE camps on NTN cell, according to the higher priority, UE shall perform neighbour cell measurements for TN frequency, and if TN cell’s quality is good enough, UE can quickly reselect to TN cell. And when UE camps on TN cell, UE only needs to perform neighbour cell measurements for NTN frequency if TN cell’s signal quality is lower than pre-configured threshold, and UE only reselects to NTN cell if NTN cell’s signal quality is better than pre-configured threshold and TN cell’s signal quality is worse than pre-configured threshold.
Observation 1: If TN and NTN are deployed with different frequencies, TN’s frequency can be set with a high priority while NTN’s frequency is with lower priority to achieve TN prioritization over NTN.
In this inter-frequency case, there is still one issue to deal with, i.e., UE power consumption. As illustrated in Fig. 1, NTN cell has a much larger coverage than that of TN cell, and if UE1 is far away from TN area but configured with high priority TN frequency, UE’s action for measurements on neighbour TN cells is meaningless, especially when the deployment of TN is relatively sparse.


Fig. 1 TN cell and NTN cell overlap
To address this issue, some measurement relaxation can be considered. There are two candidate solutions:
Option 1: if high priority TN cell cannot be detected for a period of time, then UE applies relaxed measurements to high priority TN frequency. In this way, when TN cell is far from UE it can save UE power by lowering down the measurement frequency.
Option 2: network provides the coverage information of TN area to UE, e.g., area centre and radius, UE only starts measurements on TN frequencies when it is near or within TN area. This means UE needs to perform measurements on TN frequencies based on the distance evaluation, so GNSS has to be enabled from time to time when UE is in idle mode, which also introduces extra power consumption. Then trade-off has to be taken into account when this option is adopted.
Proposal 1: A new mechanism is defined for Rel-17 NTN UEs to avoid unnecessary measurements on TN frequencies aiming to address scenarios when priority of freq_TN is higher than freq_NTN and UE is on NTN coverage but far away from TN area.
Proposal 2: If proposal 1 is agreed, RAN2 to consider the following two candidate solutions:
Option 1: if high priority TN cell cannot be detected for a period of time, then UE applies relaxed measurements to high priority TN frequency. 
Option 2: network provides the coverage information of TN area to UE, e.g., area centre and radius, UE only starts measurements on TN frequencies when it is near or within TN area.

Intra-frequency deployment
If TN and NTN are deployed with same frequency, the impact on the measurement rule and reselection criteria can be considered. Regarding reselection criteria, current R-Criteria is as follows:
	The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:
	Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp


where:
	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.
For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3].






 Qoffsettemp is applied only when UE supports “RRC Connection Establishment failure with temporary offset and the T300 has expired a consecutive connEstFailCount times on the same cell”, so it’s not for normal cases. But Qoffset can be configured per cell, it means network can set appropriate values for TN cell and NTN cell separately.
According to TS 38.331, the value range of Qoffset is as below:
	Q-OffsetRange ::=                   ENUMERATED {
                                                dB-24, dB-22, dB-20, dB-18, dB-16, dB-14,
                                                dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3,
                                                dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5,
                                                dB6, dB8, dB10, dB12, dB14, dB16, dB18,
                                                dB20, dB22, dB24}



When UE camps on TN cell, network can set positive value for NTN Qoffset, then Rn could be lower to achieve TN prioritization over NTN. When UE camps on NTN cell, network can set negative value for TN Qoffset, then Rn could be higher to achieve TN prioritization over NTN.
Observation 2: If TN and NTN are deployed with same frequency, network can set appropriate Qoffset value per cell to achieve TN prioritization over NTN.
Furthermore, the enhancements to measurement rule may also be beneficial. Currently for intra-frequency measurement, the rule is “If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.”. It means when the signal quality of serving cell is good enough, UE doesn’t need to perform intra-frequency measurements. This rule can still be applied when UE camps on TN cell. But when UE camps on a NTN cell, even if the signal quality of serving cell is good, it can still perform intra-frequency measurement on TN cells.
As the wording is “may”, it can be left up to UE implementation whether to perform intra-frequency measurement on TN cells. But it might be useful to provide indication on whether neighbour cell is a NTN cell in SIB, in this case UE doesn’t need to perform intra-frequency measurement on other NTN cells, and it can continue performing intra-frequency measurement on TN cells.
Proposal 3: RAN2 to discuss whether to provide indication on whether neighbour cell is a NTN cell in SIB. This may be helpful when TN and NTN are deployed in the same frequency.
 
Conclusion
In this paper, we further discuss how to achieve TN prioritization over NTN for idle mode, and we have the following observations:
Observation 1: If TN and NTN are deployed with different frequencies, TN’s frequency can be set with a high priority while NTN’s frequency is with lower priority to achieve TN prioritization over NTN.
Observation 2: If TN and NTN are deployed with same frequency, network can set appropriate Qoffset value per cell to achieve TN prioritization over NTN.
And we propose:
Proposal 1: A new mechanism is defined for Rel-17 NTN UEs to avoid unnecessary measurements on TN frequencies aiming to address scenarios when priority of freq_TN is higher than freq_NTN and UE is on NTN coverage but far away from TN area.
Proposal 2: If proposal 1 is agreed, RAN2 to consider the following two candidate solutions:
Option 1: if high priority TN cell cannot be detected for a period of time, then UE applies relaxed measurements to high priority TN frequency. 
Option 2: network provides the coverage information of TN area to UE, e.g., area centre and radius, UE only starts measurements on TN frequencies when it is near or within TN area.
Proposal 3: RAN2 to discuss whether to provide indication on whether neighbour cell is a NTN cell in SIB. This may be helpful when TN and NTN are deployed in the same frequency.
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