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1	Introduction
A new WI on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86, with an updated WID approved at RAN#88 [1]. The WI aims to specify the following control plane enhancements:
· 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]

In this contribution, we provide our view on Idle mode aspects for NTN.
[bookmark: _Ref178064866]2 Solutions specific to soft feeder link switch and service link switch for Earth fixed beams
In the email discussions [910] and [911] the following scenarios were categorized for NTN:
· Scenario 1: Feeder link switch for earth fixed beam, with/without service link switch due to satellite switch
· Scenario 2: Feeder link switch for earth moving beam, with/without service link switch due to satellite switch
· Scenario 3: Service link switch for earth fixed beam due to satellite switch
· Scenario 4: Connected mode mobility for earth moving beam when the beam no longer serves the UE
· Scenario 5: Connected mode mobility for both earth moving and earth fixed beam due to UE movement

In the email discussion #910, certain solutions for listed to handle the issues that seem to be similar for both soft feeder link swicth as well as service link switch for Earth fixed beams. Soft feeder link swicthn is depicted for Earth moving and Earth fixed beams in Figure 1. Here, as gNBs are at the GW, the Uu interface is over the air via feeder link and then via service link. 

[image: ]
Figure 1 Soft feeder link switch for both Earth moving and Earth fixed beams

The service link switch depicted in Figure 2. Due to the movement of the non-GEO satellites in relation to the surface of the earth, at some point in time one satellite leaves and is not able to serve a certain geographical area. 

[image: ]
Figure 2 Service link switch for Earth fixed beams

In the email discussion 910 the following categorization was made for feeder and service link switch related issues and solutions 
· For Issue 1, 10: Many connected mode UEs need to be handed over within the duration of the service link switch or soft feeder link switch
· Solution 1: Conditional HO (Discussed further in email discussion [911])
· Solution 2: HO with random access attempts distributed in time
· Solution 3: Group HO, e.g. common part of HO command in SI and UE specific with UE specific signalling.
· Solution 4: No enhancements for HO command/procedure, leave up to network implementation
· Issue 6: Many connected mode UEs need to be moved to next cell within the duration of the hard feeder link switch
· Solution 5: Enhanced connection re-establishment procedures. 
· Solution 6: Conditional HO (Discussed further in email discussion [911])
One relevant and common aspect for both Scenario 1 and 3  in Fig 1 and Fig 2 is that one cell/PCI is going to stop serving an area. This is different from the case of Scenario 2 where the transision is constant as the cell coverage is sweeping the Earth. The remaining time Tservice until the cell/PCI is going to stop serving an area can be defined. While the exact definition can vary and can be discussed further, it is possible to discuss the relevance of the Tservice with respect to connected and idle mode mobility procedures without the exact definition settled.


[bookmark: _Toc53147761][bookmark: _Toc54336182]A relevant and common aspect for Scenarios 1 and 3 is that one cell/PCI is going to stop serving an area at a certain time. 
[bookmark: _Toc54336183]The remaining time Tservice until the cell/PCI is going to stop serving an area can be defined.


[bookmark: _Toc54336187]RAN2 to discuss the relevance of the Tservice with respect to connected and idle mode mobility procedures.


2.1 Connected mode mobility for Scenarios 1 and 3

In the Connected mode email discussion [911], the following has been conlcuded where the fisrt three proposals are marked ”to be agreed” and the last one ”to be discussed”
P 2.1: The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 shall be considered as baseline. 
P 2.2: NTN specific CHO execution condition should be introduced.
P 2.3a: Location based CHO execution condition should be introduce for both moving cell and fixed cell scenario.
P 2.3b: Timer based CHO execution condition should be introduced for moving cell scenario.
In that email discussion the Scenarion 1-3 were not considered and thus triggeres stemming from these scenarios. Then again, in the email discussion [910] Impacts of earth fixed and moving, the following can conlcuded:
Proposal 7 RAN2 to prioritize discussing CHO in context of Scenarios 1-3.
Here we discuss this aspect further. When the radio link becomes degraded and the UE needs to send measurement reports, it is possible that those reports never reach the network since  the uplink link is degraded or even if they do, the network tries to respond with a handover command that may never reach the UE, either since the downlink is degraded or the handover command is so large that multiple transmissions are required). In NTN, this can especially be the case for LEO when the cells(beams) are moving, during feeder link switch, and for earth fixed beams during service link switch. The Figure 3 shows two examples of this:


[image: Figure 1: Mobility-related failure. A UE (User Equipment) represents a mobile terminal in 3GPP specifications language. ]
Figure 3: Mobility-related failure.

The main motivation of this handover mechanism is to reduce the number of failure occurrences while a UE is moving, e.g., when a handover between cells fails, or when a connection fails even before a handover (HO) is triggered. In conditional handover, instead of preparing one target cell as in the legacy case, multiple candidate target cells can be prepared in advance in the network. Further, the handover command is sent to the UE earlier than at legacy handover when the radio conditions are still good, rather than when conditions start to get degraded. When received, the UE stores the command, instead of applying it immediately. The UE only applies the stored command when a condition configured by the network is satisfied for one of the configured candidate target cells. Then the UE executes the handover and connects to the target node as in legacy handover.
When the UE executes the handover in one of the prepared cells, the gNB hosting this cell can inform the source cell that the UE successfully performed the handover in its cell, so that the source cell can cancel the resources reserved by the remaining target candidate cells. Considering that the time between the handover preparation, and thus resource reservation, is not known, the source cell can release such resources by informing target candidate cells before the UE executes the handover. We propose that  the  Tservice can be provided along with the parameters provided for conditional handover so that the UE performs the handover more efficiently.


[bookmark: _Toc54336188]RAN2 to agree that Tservice can be provided along with the parameters provided for conditional handover.


2.1 Idle mode mobility for Scenarios 1 and 3

If the UE knows which cells are going to be available and for how long, this information can be usuful in the cell selection and reselection process in order to minimize UE selecting a cell that is about to vanish.  For example, Tservice can be taken into account in the cell ranking criteria, preferably combined with a channel quality condition. 
Another aspect is idle mode measurements. In current  NR, the UE is expected to regularly perform RSRP/RSRQ measurements for cell reselection purposes in idle mode on inter-frequency and intra-frequency neighbouring cells. There is however a set of exceptions to these rules which are based on whether the signal strength/quality of the current cell is above certain thresholds, which is generally as below:
· the cell selection RX level value (related to RSRP measurements) Srxlev > ThresholdP
· the cell selection quality value (related to RSRQ measurements) Squal > ThresholdQ

If these are fulfilled the UE may choose not to perform intra-frequency, or inter-frequency, measurements whichever applies. The thresholds for RX level and quality value depend on whether the UE is measuring on inter or intra-frequency cells. For intra-frequency the RX level threshold is s-IntraSearchP, which ranges from 0 to 62 dB at the step size of 2 dB and the quality value threshold is s-IntraSearchQ range from 0 to 31 dB at the step size of 1 dB. For inter-frequency the RX level threshold is s-NonIntraSearchP, which ranges from 0 to 62 dB at the step size of 2 dB. The values of s-NonIntraSearchQ range from 0 to 31 dB at the step size of 1 dB.
As the RSRP levels are quite equal between cells in NTN, it is hard to control the idle mode measurements only by based on RSRP. If the above mentioned relaxations are not taken into account, UE needs to perform these measurements all the time, or UE may not trigger these measurements even if on the cell. In TR 38.821 this has been described that UE location can be taken into account in RRC_IDLE/RRC_INACTIVE mode procedures.

In [7], we propose taking into account UE location with respect to reference cell center for cell selection/reselection as well as for measurement as that paper concerns more Scenarion 4 and 5. For systems that experience also Scenarios 1 and 3, Tservice can be criteria are combined with the UE location with respect to a reference cell center. For those scenarios, location and RSRP are not enough to trigger measurements for a UE that is in the center of the cell that is going to vanish. The reference cell center may be same as reference satellite beam center or it may be a center of a cell formed by several satellite beams. In the latter case, the cell center may be separately signaled to the UE by dedicated or broadcast RRC signaling or dedicated NAS signaling.

[bookmark: _Toc54336184]For Scenarios1 and 3, the location and RSRP are not enough to trigger measurements for a UE that is in the center of the cell that is going to vanish
[bookmark: _Toc54336189]RAN2 should consider taking the Tservice into account also for the idle mode measurement rules. 

3 Earth moving beams
In the study item, both hard and soft switch has been considered. The hard switch means that each cell can broadcast only one tracking area code. When this is combined with Earth fixed tracking area, it will create fluctuation at the boarder areas of these Earth fixed tracking areas. This hard TAI update is depicted in Figure 4.
 [image: ]
Figure 4 Tracking area update for Earth moving beams with hard TAI update
Soft TAI update requires the network to broadcast more than one TAI for a cell and PLMN and it is depicted in Figure 5. 

[image: ]
Figure 5 Tracking area update for Earth moving beams with soft TAI update

In the email discussion [910] Impacts of earth fixed and moving, the following was conlcuded:
Proposal 11 RAN2 to prioritize discussing soft TAI update
The details on how UE performs the TAU update in the case of soft TAI update should be discussed. In the simplest option, each time the UE encounters a new TAI, the UE performs a registration update/tracking area update once so that the AMF/MME adds the newly registered TAI to the TAI List. However, it may be that the same cell is still broadcasting at least one TAI that is in the UEs TAI list. Thus, updating every time new TAI is broadcasted might not be the most effcient option. With this, it would also cause several UEs to perform TAU simultanously. This can be alleviated by assuming that when the new TAI is read, UE does not immediately perform TAU but is prepared to do so. It has also been discussed that the TAI1 and TAI2 may be associated with validity times. IN this case the UE knows when it needs to latest make the registration area update. 

[bookmark: _Toc54336185]If UEs perform TAU immediately when they read new TAI in the SI, it causes several UEs to perform TAU simultanously.
[bookmark: _Toc54336190]RAN2 should consider the use of validity timers related to TAIs such that UEs may distribute when TAU is performed.

With moving cells combined with geographically fixed TAs, the TAI(s) broadcast in a cell’s system information will change rather frequently. In addition, the times when the TAIs should change are tied to the cell’s current location in relation to the geographically fixed TAs. This is a bad match with the existing rules and mechanisms for updating of the system information, which stipulates that updates can only be executed at the borders between system information modification periods and an upcoming change should be announced using “Short Messages” (with the systemInfoModification parameter set to 1) in DCIs addressed to the P-RNTI on the PDCCH during the system information modification period preceding the update. The particularly problematic aspect is that the points in time when the TAI should be changed might not coincide well with system information modification period borders. In addition, there will be quite frequent system information updates, which increases the control signaling load and forces the UEs to retrieve the updated system information more often than otherwise would have been needed.

[bookmark: _Toc54336186]When the TAI should be changed might not coincide well with system information modification period borders. Note that this issue is common to soft and hard TAI.
[bookmark: _Toc54336191]RAN2 to discuss how to solve the issue of updating TAI at certain time which may not match SI modification period borders. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	A relevant and common aspect for Scenarios 1 and 3 is that one cell/PCI is going to stop serving an area at a certain time.
Observation 2	The remaining time Tservice until the cell/PCI is going to stop serving an area can be defined.
Observation 3	For Scenarios1 and 3, the location and RSRP are not enough to trigger measurements for a UE that is in the center of the cell that is going to vanish
Observation 4	If UEs perform TAU immediately when they read new TAI in the SI, it causes several UEs to perform TAU simultanously.
Observation 5	When the TAI should be changed might not coincide well with system information modification period borders. Note that this issue is common to soft and hard TAI.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss the relevance of the Tservice with respect to connected and idle mode mobility procedures.
Proposal 2	RAN2 to agree that Tservice can be provided along with the parameters provided for conditional handover.
Proposal 3	RAN2 should consider taking the Tservice into account also for the idle mode measurement rules.
Proposal 4	RAN2 should consider the use of validity timers related to TAIs such that UEs may distribute when TAU is performed.
Proposal 5	RAN2 to discuss how to solve the issue of updating TAI at certain time which may not match SI modification period borders.
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