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1. Introduction
In RAN#86 meeting, the NTN WID was approved and the final version of WID scope was agreed in [1]. In this contribution, we’d like to give our initial consideration for idle and inactive mode in NTN system.
1. Service Types and Cell Categories for NTN Cell
In TN system, not all TN cell is suitable for UE to camp. Based on the service type the cell can provide, the TN cells are categorized into different categories [2]. Firstly, we think it’s better to clarify whether all the service types and cell categories in TN cell should be supported in NTN cell before we discuss idle/inactive mode UE behaviors in NTN system.
Three basic service types are defined for TN cell, e.g. Limited service (emergency calls, ETWS and CMAS on an acceptable cell)/ Normal service (for public use on a suitable cell)/ Operator service (for operators only on a reserved cell), which are separately corresponding to the service definition of acceptable cell/suitable cell/reserved cell. For NTN cell, we think there is no strong concern to preclude any service type defined above.
Proposal 1: The three basic service types defined for TN cell should also be supported for NTN cell. The details are:
For NTN capable UE, UE in idle mode may get the following service:
-Limited service (emergency calls, ETWS and CMAS on an acceptable cell);
-Normal service (for public use on a suitable cell);
-Operator service (for operators only on a reserved cell);
For NTN capable UE, UE in inactive mode may get the following service:
-Normal service (for public use on a suitable cell);
-Operator service (for operators only on a reserved cell);
Proposal 2: The definitions of acceptable cell/suitable cell/reserved cell/barred cell in TN cell are reused for NTN cell.
1. Cell Selection/Reselection Issues for NTN System
As an outcome of R16 NTN SI, the following objectives are identified for further study in R17 NTN WID [1]:
Idle mode: 
-Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
-Definition of NTN (satellite/HAPS) cell specific information in SIB
Location info and satellite Ephemeris info is beneficial for NTN capable UEs, but the details should be study further, at least the following issues may need further clarification:
Issue1: Use cases clarification for the usage of UE location info and satellite Ephemeris info for RRC idle/inactive in NTN system.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK15]Issue2: How NTN capable UEs get its location info and satellite Ephemeris info for RRC idle/inactive in NTN system?
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Issue3: Whether any enhancement is needed for measurement initiation for RRC idle/inactive in NTN system?
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Issue4: Whether the spec impact caused by absolute propagation delay difference between satellites should be considered or not for measurement execution for RRC idle/inactive?
Issue5: How to avoid NTN capable UEs with low power class to camp on a high altitude NTN cell?
3.1 Use cases clarification for the usage of UE location info and satellite Ephemeris info for RRC idle/inactive in NTN system
[bookmark: OLE_LINK18]Before we discuss how NTN capable UE can get its location info and satellite Ephemeris info, we should firstly clarify how many procedures may be beneficial from location info and satellite Ephemeris info for RRC idle/inactive.
Currently, cell selection is performed by one of the following two procedures [2]:
a)	Initial cell selection (no prior knowledge of which RF channels are NR frequencies):
b) Cell selection by leveraging stored information;
In TN system, if the UE is using directional antenna, the UE side beam sweeping procedure is up to implementation, e.g. how UE using directional antenna determines the direction of the target cell is up to UE implementation. If a NTN capable UE uses omnidirectional antenna, no enhancement is needed for NTN cell selection procedure as the TN cell selection mechanism can be reused. But for directional antenna, new type of antenna may be used on NTN capable UEs, for instance VSAT. UE using VSAT may waste much more time to search a NTN cell without prior information than that in TN system. Considering cell selection procedure is less delay sensitive and no service is on-going, no much gain is proved to enhance cell selection procedure for NTN system. More addition, NTN capable UE may store satellite Ephemeris which may be get from last serving cell to assist the cell selection procedure, but this UE behavior should not be specified and can be categorized into the above procedure b). 
Proposal 3: No spec work is needed for NTN cell selection procedure, e.g. the cell selection procedure in TN system is reused in NTN system. 
Cell reselection procedure contains several sub-procedures:
sub-procedure 1: measurement procedure, including measurement initiation step and neighbor cell/serving cell  measurement execution step;
sub-procedure 2: measurement results evaluation procedure, e.g. using high/equal/low priority frequency cell reselection criteria to determine a unique target cell.
For LEO, the serving duration of a satellite beam/cell is only several seconds. NTN UEs may lose coverage if the measurement procedure wastes too much time. So we can consider using UE location info and satellite Ephemeris info to speed up the measurement procedure, for example, UE may use its location info and satellite Ephemeris info to filter the measurement candidate cells/satellites.
Proposal 4: UE location info and satellite Ephemeris info may be used to speed up UE cell reselection measurement procedure. FFS: the detailed spec impact needs further study.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Currently, the cell reselection measurement results evaluation procedure doesn’t take UE location info and satellite Ephemeris info into account. Considering more than one satellite beam footprint may cover the same geographic position. UE may use UE location info and satellite Ephemeris info to determine a more suitable candidate cell/satellite, for instance, UE always selects the satellite cell which serves the UE the maximum time. But the high/equal/low priority frequency cell reselection criteria in TN system should be the baseline and UE location info and satellite Ephemeris info may work together with high/equal/low priority frequency cell reselection criteria during cell reselection measurement results evaluation procedure.
Proposal 5: High/equal/low priority frequency cell reselection criteria in TN system is the baseline and UE location info and satellite Ephemeris info may be used as an input during cell reselection measurement results evaluation procedure. FFS: the detailed spec impact needs further study.
3.2 UE location info and satellite Ephemeris info acquisition
Location info is useful for UEs to identify the incoming satellite. For idle/inactive UEs, there is no data exchange between satellite and UE, so UEs have to get its location info by itself. RAN2 should confirm that all UEs with GNSS capabilities are assumed.
 Proposal 6: All NTN capable UEs are GNSS capable, how NTN capable UEs start to obtain its position is up to UE implementation.
Based on the analysis in 3.1, satellite Ephemeris is useful for UE AS layer, the next question is that how UEs can get satellite Ephemeris data. The following ways can be considered:
Option1: NTN UEs get satellite Ephemeris data from system information.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Option2: NTN UEs get satellite Ephemeris data from RRC signaling.
Option3: NTN UEs get satellite Ephemeris data from UP data transmission procedure.
Option4: Option1 plus Option2/3.
Proposal 7: RAN2 to discuss to down select an option below:
Option1: NTN UEs get satellite Ephemeris data from system information.
Option2: NTN UEs get satellite Ephemeris data from RRC signaling.
Option3: NTN UEs get satellite Ephemeris data from UP data transmission procedure.
Option4: Option1 plus Option2/3.
3.3 Measurement initiation condition for RRC idle/inactive in NTN system
In order to limit the UE measurements, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells.
Observation 1: In order to limit the UE measurements for power saving, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells.
But in NTN system, the situation is not the same as the near-far effect is quite different between NTN and TN system. To simplify the analysis, the issue is illustrated in Figure 1:


Figure 1 A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
In TN system, a UE can determine it is near the edge of a cell due to the near-far effect – a clear RSRP/RSRQ value difference between cell center and cell edge. But such an effect may not be as pronounced in non-terrestrial deployments as the RSRP/RSRQ value difference between satellite cell center and satellite cell edge is typically less than 3dB, while the RSRP/RSRQ value difference between TN cell center and TN cell edge is typically more than 15dB.
Based on current RAN4 spec [3], the measurement accuracy requirements are listed below:
Table 1 Measurement Accuracy Defined for RSRP/RSRQ/SINR Measurement
	RSRP
	RSRQ
	SINR

	FR1
	FR2
	FR1
	FR2
	FR1
	FR2

	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency

	Above 4.5 dB
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Above 4.5 dB
	Above 6 dB
	Above 6 dB
	Above 2.5 dB
	Above 2.5 dB
	Above 2.5 dB
	Above 2.5 dB
	Above 3 dB
	Above 3 dB
	Above 3 dB
	Above 3 dB


According to Table 1, it’s obvious that the UE RSRP/RSRQ measurement accuracy is comparable to the RSRP/RSRQ value difference between satellite cell center and satellite cell edge. Even if the UE is located at the center of the satellite beam footprint, the RSRP/RSRQ measurement results of the serving cell may exceed the network configured measurement initiation threshold, which will cause the UE to measure the intra/inter frequency cell in advance. In the worst case, the NTN UEs have to measure the intra/inter frequency cell even if the serving cell signal is strong enough, which is not the original intention when threshold based measurement initiation method was designed based on observation 1.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]RAN4 may consider define NTN specific measurement accuracy requirements during R17 NTN WID, but even if RAN4 enhances it, we think the threshold based measurement initiation method is still not workable at all. So any RAN2 measurement initiation method enhancement is not subject to whether RAN4 will define NTN specific measurement accuracy requirements, so we suggest solving this issue in RAN2.
Proposal 8: Threshold based measurement initiation method in TN system is not suitable for NTN scenario, two options can be considered to enhance it in R17 NTN WI.
Option1: UE can use UE location info and satellite Ephemeris info to trigger the neighbor cell measurements in NTN system.
Option2: UE periodically executes neighbor cell measurements in NTN system.
3.4 Spec impact caused by absolute propagation delay difference between satellites for RRC idle/inactive in NTN system
For RRC idle/inactive UE, no measurement gap is configured to UE side, it’s up to UE implementation to wake up and measure the intra/inter frequency configured in common/dedicated frequency set. Currently, spec impact caused by absolute propagation delay difference between satellites is only identified for RRC connected mode [1]:
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4]
In TN system, SMTC configuration can be configured along with the DL carrier info, due to the quite small propagation delay difference between TN cells, e.g. usually several microseconds level, UE can decide the wake up occasion based on the SMTC configuration of the DL carrier. But for NTN system, the propagation delay difference between satellites is quite large, e.g. usually several milliseconds level, which is comparable to the SMTC window, and the propagation delay difference between satellites changes rapidly over time. So it’s hard for idle/inactive UE to decide the wake up occasion only based on SMTC configuration. Some assistant info is still needed to inform UE of the large propagation delay difference between satellites for RRC idle/inactive UE.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 9: Some assistant info is still needed to inform UE of the propagation delay difference between satellites for RRC idle/inactive UE in NTN system. FFS: the details of the assistant info.
3.5 How to avoid NTN capable UEs with low power class to camp on a high altitude NTN cell
One position on earth may be covered by GEO and LEO simultaneously, but the GEO altitude is much longer than that of LEO. A UE which can camp on LEO may not have the capability to camp on a GEO satellite. So the key point is that how UE with low power class can avoid reselecting to a high altitude satellite.
After analysis, we think current spec may already solve this issue [4]:
SIB4
InterFreqCarrierFreqInfo ::=        SEQUENCE {
    dl-CarrierFreq                      ARFCN-ValueNR,
frequencyBandList                   MultiFrequencyBandListNR-SIB                OPTIONAL,   -- Cond Mandatory
……
Omit something here
}

According to the SIB4 ASN.1 structure in TS38.331, the frequency band list info is configured together with DL carrier frequency and the band power class info associated to the DL carrier frequency is included in frequencyBandList. So if the UE power class info defined by UE capabilities matches with the band power class info included in the frequencyBandList, that means the UE can consider reselecting to the cell on the frequency; otherwise, UE will not consider any cell on that frequency. 
Proposal 10: No additional assistant info is needed in the system information to guide UEs with low power class not to reselect to a high altitude satellite, e.g. the current spec can solve the issue without any enhancement.
1. Conclusion
In conclusion, we propose the followings:
Proposal 1: The three basic service types defined for TN cell should also be supported for NTN cell. The details are:
For NTN capable UE, UE in idle mode may get the following service:
-Limited service (emergency calls, ETWS and CMAS on an acceptable cell);
-Normal service (for public use on a suitable cell);
-Operator service (for operators only on a reserved cell);
For NTN capable UE, UE in inactive mode may get the following service:
-Normal service (for public use on a suitable cell);
-Operator service (for operators only on a reserved cell);
Proposal 2: The definitions of acceptable cell/suitable cell/reserved cell/barred cell in TN cell are reused for NTN cell.
Proposal 3: No spec work is needed for NTN cell selection procedure, e.g. the cell selection procedure in TN system is reused in NTN system. 
Proposal 4: UE location info and satellite Ephemeris info may be used to speed up UE cell reselection measurement procedure. FFS: the detailed spec impact needs further study.
Proposal 5: High/equal/low priority frequency cell reselection criteria in TN system is the baseline and UE location info and satellite Ephemeris info may be used as an input during cell reselection measurement results evaluation procedure. FFS: the detailed spec impact needs further study.
Proposal 6: All NTN capable UEs are GNSS capable, how NTN capable UEs start to obtain its position is up to UE implementation.
Proposal 7: RAN2 to discuss to down select an option below:
Option1: NTN UEs get satellite Ephemeris data from system information.
Option2: NTN UEs get satellite Ephemeris data from RRC signaling.
Option3: NTN UEs get satellite Ephemeris data from UP data transmission procedure.
Option4: Option1 plus Option2/3.
Observation 1: In order to limit the UE measurements for power saving, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells.
Proposal 8: Threshold based measurement initiation method in TN system is not suitable for NTN scenario, two options can be considered to enhance it in R17 NTN WI.
Option1: UE can use UE location info and satellite Ephemeris info to trigger the neighbor cell measurements in NTN system.
[bookmark: _GoBack]Option2: UE periodically executes neighbor cell measurements in NTN system.
Proposal 9: Some assistant info is still needed to inform UE of the propagation delay difference between satellites for RRC idle/inactive UE in NTN system. FFS: the details of the assistant info.
Proposal 10: No additional assistant info is needed in the system information to guide UEs with low power class not to reselect to a high altitude satellite, e.g. the current spec can solve the issue without any enhancement
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