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1   Introduction
In RAN plenary #103 meeting, a work item on IDLE mode mobility from E-UTRA TN to NR NTN was approved [1] with the following objective:

	[bookmark: _Hlk162445187]The work item aims at specifying support for the following objectives:
· idle mode mobility based on cell reselection from E-UTRA TN to NR NTN, where E-UTRA TN provides satellite information for NR NTN neighbor cells in a System Information Block. [RAN2]
Note: 
· The solutions shall be reusing the existing signaling introduced for IoT-NTN and mobility procedures between NR TN and NR NTN to the maximum extent.




In this paper, we discuss how the IDLE mode mobility from E-UTRA TN to NR NTN can be supported and provide detailed impact analysis for introducing this functionality.
2   Discussion
2.1 Satellite assistance information
To enable mobility towards an NTN cell, satellite assistance information is beneficial for cell search and synchronization.
In TS 38.331, the satellite assistance information is grouped into the IE NTN-Config, which can be provided for serving cell and/or neighbour cell.
In TS 36.331, the serving satellite assistance information is provided in SIB31(-NB) since R17 and neighbour satellite assistance information is provided in SIB33(-NB) since R18. SIB31(-NB) and SIB33(-NB) are designed for eMTC/NB-IoT UEs only.
In our understanding, this new R19 WID is for EUTRAN UEs excluding eMTC/NB-IoT UEs. There are two possible solutions for providing satellite assistance information:
· Option 1: E-UTRAN TN provides NR satellite information in SIB (similar to NTN-Config in 38.331)
· Option 2: reuse existing SIB33, and add the satellite id in SIB24
There are some differences between NTN-Config in 38.331 and the satellite assistance information in SIB33 in 36.331:
· NTN-Config contains cellSpecificKoffset and ta-Report, which are not present in SIB33 in 36.331. In our understanding, these two parameters are for serving cell only, and neighbour satellite assistance information does not need to provide them (they are optional anyway).
· NTN-Config contains its own epochTime and validity duration, while in SIB33 of 36.331 all the neighbour satellites share the same epochTime and validity duration. We think this can be handled by network implementation.
· NTN-Config contains polarization information while such information is missing in 36.331. We believe this is a mistake and should be corrected in R18.
· The value ranges for common TA parameters are slightly different between NR NTN and IoT NTN, as shown in the below table. In our understanding, the parameters are from OAM and it seems manageable if the eNB converts the parameters to different granularities
	Parameter name
	 IoT NTN Value range
	NR NTN Value range

	TACommon
	0 ...8316827
 (Granularity:32.55208 ×10-3 μs)
(i.e. 0… 270.73001785016 ms) 
	0 ...66485757
 (Granularity:4.072 ×10-3 μs)
(i.e.: 0… 270.730002504 ms) 

	TACommonDrift
	-261935… + 261935
(Granularity:0.2×10-3μs/s)
(i.e. -52.387μs/s… +52.387 μs/s)
	-257303… + 257303
 (Granularity:0.2 ×10-3 μs)
(i.e. --51.4606   … +-51.4606 ) 

	TACommonDriftVariation
	0…29479
(Granularity:0.2×10-4μs/s2)
(i.e. 0…0.5898 μs/s2)
	0…28949
(Granularity:0.2×10-4μs/s2)
(i.e. 0…0.57898 )



Table 1: Comparison for common TA parameters between NR NTN and IoT NTN
Based on the above analysis, we recommend that the existing SIB33 could be reused to indicate the NR satellite assistance information. However, there is a lack of carrier frequency information in SIB33 to associate with NR satellite assistance information for the NR NTN access. On the other hand the SIB24 contains the frequencies relevant to inter-RAT cell re-selection. In our understanding, the SIB24 could be enhanced to associate inter-RAT frequencies with satellite IDs. As a result, upon reception of SIB24 and SIB33, the RRC idle UE can acquire the complete satellite assistance information for NR NTN access.
Observation 1: The existing SIB33 could be reused to indicate the NR satellite assistance information.
Proposal 1: RAN2 to enhance SIB24 to associate the inter-RAT frequency with satellite ID(s).
2.2 UE adjustment of SMTC
In terms of measurement for RRC idle UEs, we would like to discuss the UE adjustment of SMTC based on location and NR satellite assistance information. How the UE adjust the SMTC is specified in NR RRC specification TS 38.331 as below:
	smtc
Measurement timing configuration for intra-frequency measurement. If this field is absent, the UE assumes that SSB periodicity is 5 ms for the intra-frequnecy cells. If the field is broadcast by an NTN cell, the offset (derived from parameter periodicityAndOffset) is based on the assumption that the gNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms, and UE can adjust the actual offset based on the actual propagation delay difference.



We suggest that UE adjustment of SMTC for measuring NR NTN should also be specified in TS 36.331 similarly. Therefore, we propose:
Proposal 2: RAN2 to add UE adjustment of SMTC for measuring NR NTN in TS 36.331, as below:
	measTimingConfig
Used to configure measurement timing configurations, i.e., timing occasions at which the UE measures SSBs. If the field is absent, the UE assumes that SSB periodicity is 5ms in this frequency. If the field is broadcast by an NTN cell, the offset (derived from parameter periodicityAndOffset) is based on the assumption that the eNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms, and UE can adjust the actual offset based on the actual propagation delay difference. Assume the eNB-UE propagation delay of serving cell in TN equals to 0.



2.3 Multiple SMTCs 
Apart from the above analysis, we spotted an additional difference: the system information broadcasts multiple SMTC (i.e. at most 4 SMTCs) for NTN in NR, one SMTC for NTN in LTE. Since we are discussing the idle mode mobility from E-UTRA TN to NR NTN, we understand that the UE within the small TN cell coverage could anyway measure a very limited number of NTN cells. So maybe one SMTC is enough to cover the SSBs of NTN neighbour cells. Even if one SMTC cannot cover all SSBs of the NTN neighbour cells, the network implementation can configure the SMTC window duration to be large enough, e.g. duration to be 5ms and periodicity of 5ms, so that the UEs will not miss the SSBs of NTN neighbour cells. UE power consumption may be increased, but the impact is acceptable since this is only for UEs at TN cell edge.
We understand that there is no need to have multiple SMTCs for idle mode mobility from E-UTRA TN to NR NTN.
Proposal 3: No need to have multiple SMTCs for idle mode mobility from E-UTRA TN to NR NTN.
3   Conclusion
In this paper, we discuss how the IDLE mode mobility from E-UTRA TN to NR NTN can be supported and propose the following:

Observation 1: The existing SIB33 could be reused to indicate the NR satellite assistance information.
Proposal 1: RAN2 to enhance SIB24 to associate the inter-RAT frequency with satellite ID(s).
Proposal 2: RAN2 to add UE adjustment of SMTC for measuring NR NTN in TS 36.331, as below:
	measTimingConfig
Used to configure measurement timing configurations, i.e., timing occasions at which the UE measures SSBs. If the field is absent, the UE assumes that SSB periodicity is 5ms in this frequency. If the field is broadcast by an NTN cell, the offset (derived from parameter periodicityAndOffset) is based on the assumption that the eNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms, and UE can adjust the actual offset based on the actual propagation delay difference. Assume the eNB-UE propagation delay of serving cell in TN equals to 0.



Proposal 3: No need to have multiple SMTCs for idle mode mobility from E-UTRA TN to NR NTN.
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