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1 Introduction

In RAN2#111-e meeting, first discussion on R17 NR NTN will take place. In this contribution, we discuss which issues can be discussed for idle/inactive mode in NTN.
2 Discussion
In the revised WID of NTN(RP-201256), control plane related objectives are described as following:
	The following control plane procedures enhancements should be specified (see TR 38.821)
· 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

· 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].

· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)
· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]


According to the objectives description, there are two major issues for idle mode. One is to define additional assistance information for cell selection/reselection criteria and the other one is to define NTN cell specific information in system information.

2.1 Basic assumptions
First of all, before discussing idle/inactive mode enhancements for NTN, basic assumption should be agreed that NR idle/inactive mode procedure is baseline for NTN idle/inactive mode procedure. During study item phase, this was common understanding of all the companies in the email discussion for cell selection/reselection. [2]
Proposal 1: NR idle/inactive mode procedure mechanism in TN system is baseline for idle/inactive mode procedure in NTN system.
According to the objective description for idle mode, additional assistance information such as UE location information or satellite Ephemeris information can be defined for cell selection/reselection. As both UE location information and satellite Ephemeris information require UE capability of measuring location information, we can assume that UEs are capable with GNSS location information during the discussion for cell selection/reselection enhancement in NTN,
Proposal 2: UE with GNSS capability is assumed.
2.2 Cell selection/reselection enhancements with location information
 In NTN, beam coverage size of NTN cell is much larger than that of cells in TN. According to “Table 4.2-2 Reference scenario parameters” in TR 38.821 [3], maximum beam foot print size of GEO is 3500km and LEO is 1000km. Even considering that these values are maximum values, we can recognize that NTN cell has much larger size than TN NR cells which has cell coverage size of few kilometres in maximum.
In NR, cell selection/reselection information is provided via broadcast system information which is cell-specific. However, as NTN cells have much larger cell coverage size, UEs may locate so far from each other so that radio condition (e.g. neighbour cell list, measurement results) may be greatly different each other. Therefore, if same cell selection/reselection configuration is provided to all the UEs camping in an NTN cell, it may not operate properly. Moreover, as beam coverage of LEO satellites changes with time, it may bring too frequent system information modification if the network should consider all the camping UEs in the cell-specific cell selection/reselection configuration.
Therefore, though there may be so many UEs camping on an NTN cell, UE-specific cell selection/reselection configuration may be needed. Dedicated signalling, such as RRCRelease message, may be used to provide the UE-specific configuration.
Observation 1: NTN cells have much larger cell coverage size than TN NR cells. So cell selection/reselection criteria may not operate properly if same configuration is provided to all the UEs camping on an NTN cell.
Proposal 3: Consider UE-specific cell selection/reselection configuration.
 If UE-specific cell selection/reselection configuration is considered, UE location information may be usefully used by the network. If the network is aware of location information of each UE, it can provide UE-specific cell selection/reselection configuration based on GEO satellites which covers current UE location and LEO satellites whose trace of beam coverage covers current UE location.
Observation 2: If UE-specific cell selection/reselection configuration is considered, UE location information may be used by the network. Based on location information of each UE, the network can provide proper cell selection/reselection configuration to each UE based on GEO and LEO deployment.
 If location information is used for cell selection/reselection configuration, it should be discussed how UE reports location information to the network. Basically, there may be two ways to report location information by UEs – periodic and event-based. By periodic way, UE may report its location information to the network every configured period. By event-based way, UE may report its location information when it leaves pre-configured area by the network. Details can be discussed further.
Proposal 3: Discuss how UEs report the UE location information to the network.
2.3 Tracking area management
In NR, tracking area consists of number of cells. UE triggers tracking area update when new serving cell belongs to new tracking area. However, in NTN, beam coverage of LEO satellites change with time while sweeping on the ground. So if existing tracking area is reused in NTN, too frequent tracking area update may occur because the UE may trigger tracking area update whenever new LEO satellite appears nearly.
In order to avoid the too frequent tracking area update, earth-fixed tracking area was introduced during NTN SI discussion. This tracking area mechanism divides ground into geographical areas and each area is mapped to certain tracking area. Therefore, regardless of serving cell, UE triggers tracking area update when UE enters new geographical area. To support this earth-fixed tracking area, it is assumed that LEO satellites should broadcast proper TAC based on current beam coverage to the ground.
Observation 3: To avoid too frequent tracking area update, earth-fixed tracking area was introduced in NTN. To support this tracking area mechanism, it is assumed that LEO satellites should broadcast proper TACs based current beam coverage to the ground.
As earth-fixed tracking area consists of geographical areas, the geographical area information should be provided to UEs so that the UEs can trigger tracking area update upon entering new geographical area based on its location information. However, it seems not clear how to provide the geographical area information to UEs, whereas existing tracking area with cell list can be provided via RRC signalling.
Proposal 4: To support earth-fixed tracking area, discuss how to provide the geographical area information to UEs.
2.4 Inactive state
In NR, inactive state was introduced. When UE resumes RRC connection from inactive state, signalling load is reduced compared with RRC connection setup from idle state. To support inactive state, UE and network should store UE context and target cell should retrieve the UE context from source cell upon resume procedure.
In NTN, expected propagation delay between NTN cell on board and UE is very longer than TN cases. Therefore, if signalling load is reduced during access to the network, it would be much effective than TN case. However, it may be very complex to handle the UE context by the network to support inactive state in NTN. If a UE enters inactive state from connected mode in LEO satellite A, the LEO satellite A stores the UE context. After a while, when the UE resumes RRC connection to current serving cell, LEO satellite B, then the LEO satellite B should retrieve the UE context from LEO satellite A. Regarding that revolution cycle of LEO satellite is few hours, the LEO satellite A may be gone so far from the UE location. Therefore, upon UE transits to RRC_INACTIVE, the serving LEO satellite should relay the UE context to next LEO satellite upcoming to the UE repeatedly. This may increase network signalling load and complexity.
Observation 4: If inactive state is introduced in NTN, it may reduce the signalling load greatly considering the long propagation delay in NTN. However, it may increase network signalling load and complexity.
Proposal 5: Discuss whether inactive state can be introduced in NTN.
2.5 Mobility State Estimation

In the email discussion for cell selection/reselection during SI phase [2], it was discussed whether existing MSE mechanism can be effective in NTN. Existing MSE mechanism counts recent number of cell reselections to estimate mobility state of UE. If the number of cell reselections is bigger than a threshold, cell reselection rule is relaxed so that UE can move to next serving cell quickly. However, in NTN, even stationary UE may perform cell reselection because LEO satellites appears and disappears to UEs on the ground. So even the stationary UE can enter high-mobility state if existing MSE mechanism is reused in NTN. Therefore, after discussion in SI phase, companies’ common understanding was that use case of MSE is not clear in both GEO and LEO case.
Observation 5: During the discussion in study item phase, companies’ common understanding was that use case of MSE is not clear in both GEO and LEO case.

 Even if effect of MSE mechanism is not clear in NTN, another solution can be discussed for the UEs locating at an area where LEO satellites are passing frequently so that quick cell reselection is needed. However, based on the UE location information, the network could provide proper configuration to the UE as discussed in observation 2 above.
Proposal 6: For the UEs locating at an area where LEO satellites appear frequently, discuss whether alternative solution is needed rather than existing MSE mechanism or it can be solved by network implementation based on UE location information.
2.6 NTN cell definition

 Regarding NTN cell definition, related paragraph is captured in TR 38.821 as below:
	7.3.5
PLMN identities deployment

Deployment of PLMNs with specific PLMN IDs for NTN cells and TN cells, or between different type of NTN platforms (GEO or LEO), is considered as a preferred option, however the configuration of common PLMN identities is not precluded.


 In NTN cell, following information can be considered.

1. PLMN IDs

· To distinguish NTN cell from TN cell, NTN-specific PLMN IDs can be considered. With pre-configured NTN-specific PLMN IDs, UE can distinguish whether a cell is NTN cell or TN cell by checking PLMN information in SIB1 and no additional UE operation needs to be specified. Also UE can determine which service to use, NTN-specific service or TN-specific service, by performing PLMN selection. (e.g. when UE wants to camp on NTN cell)
· If NTN-specific PLMN is not used, we could introduce additional indicator which represents NTN cell, but it seems no advantage rather than introducing NTN-specific PLMN IDs.
2. Platform type

· Type of NTN platforms are described in TR 38.821 as follows:
Table 4.1-1: Types of NTN platforms

	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 3500 km


· If UE can distinguish GEO and LEO satellites via cell definition, it can be used if a configuration is GEO-specific or LEO-specific.
3. Beam type

· LEO satellites can operate two types of beams – earth-fixed beam and earth-moving beam. Earth-fixed beam provides a cell with respect to a certain location on the earth during a certain time duration by generating steerable beam. Earth-moving beam provides a cell sweeps over the earth, so cell coverage changes in real time.
Observation 6: For NTN cell definition, PLMN IDs, platform type, and beam type of LEO satellites can be considered.

Proposal 7: Discuss which information can be included in NTN cell definition.
3 Conclusion
In conclusion, we propose the followings:
Proposal 1: NR idle/inactive mode procedure mechanism in TN system is baseline for idle/inactive mode procedure in NTN system.
Proposal 2: UE with GNSS capability is assumed.
Observation 1: NTN cells have much larger cell coverage size than TN NR cells. So cell selection/reselection criteria may not operate properly if same configuration is provided to all the UEs camping on an NTN cell.

Proposal 3: Consider UE-specific cell selection/reselection configuration.
Observation 2: If UE-specific cell selection/reselection configuration is considered, UE location information may be used by the network. Based on location information of each UE, the network can provide proper cell selection/reselection configuration to each UE based on GEO and LEO deployment.
Proposal 4: Discuss how UEs report the UE location information to the network.
Observation 3: To avoid too frequent tracking area update, earth-fixed tracking area was introduced in NTN. To support this tracking area mechanism, it is assumed that LEO satellites should broadcast proper TACs based current beam coverage to the ground.
Proposal 5: To support earth-fixed tracking area, discuss how to provide the geographical area information to UEs.
Observation 4: If inactive state is introduced in NTN, it may reduce the signalling load greatly considering the long propagation delay in NTN. However, it may increase network signalling load and complexity.

Proposal 6: Discuss whether inactive state can be introduced in NTN.
Observation 5: During the discussion in study item phase, companies’ common understanding was that use case of MSE is not clear in both GEO and LEO case.

Proposal 7: For the UEs locating at an area where LEO satellites appear frequently, discuss whether alternative solution is needed rather than existing MSE mechanism or it can be solved by network implementation based on UE location information.
Observation 6: For NTN cell definition, PLMN IDs, platform type, and beam type of LEO satellites can be considered.

Proposal 8: Discuss which information can be included in NTN cell definition.
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