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[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes objectives for the NTN enhancements in Rel-18, including improvements on service continuity and mobility enhancements between TN and NTN.:

	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]




Besides, in previous meetings, RAN4 has initiated the discussion on the topic and some progress was made and captured in [2]. This contribution aims at some of the open issues discussed in previous RAN4 meeting and to specify requirements to cover some of the RAN1 and RAN2 agreements on enhanced mobility features for NTN. This contribution covers the following aspects:
· Idle Mode Mobility Enhancements
· TN to NTN cell reselection
· NTN to TN Cell reselection
· Measurement Initiation triggers for Earth Moving Cells
· Connected mode mobility enhancements
· RACH-less HO
· Satellite Switching without PCI change
[bookmark: _Toc116995842]Discussion
Idle Mode Mobility Enhancements
TN to NTN cell reselection
In the previous meeting, RAN4 discussed whether to treat the case of cell reselection from TN to NTN, and it was left for further investigation whether to establish requirements for this type of cell reselection:
	Agreement (RAN4 #108):
· If whether/how to UE obtain TN coverage area information from TN cell is confirmed, the  following can be further discussed:
· Whether or not to define RRM requirements for TN-to-NTN cell reselection.
· Centre and radius of TN coverage can be used for measurement initiation for cell reselection, e.g.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and TN coverage area centre is smaller than radius, then the UE may not perform measurement of NTN intra- and/or inter-frequency.




Looking closely at this issue, it seems reasonable that this type of cell reselection must be downprioritized and not treated under the scope of the current work item. The reasons are manifold:
1. This type of cell reselection did not seem to be part of the scope of the WI or the discussions in RAN 1 and/or RAN 2. 
2. It would still be possible to design requirements for it in RAN 4, but given the amount of workload still pending in this work item and the limited time for discussions, it seems that among all mobility enhancements on RAN4 specification, for the harmony between the working groups, this aspect should be downprioritized.
3. The reselection from TN to NTN would require an overhaul of either the applicability rules in TS 38.133 or the signaling procedures in TS 38.331. In TS 38.133, it is specified that mobility requirements only apply when the UE has satellite assistance information for the target cell. There is no way to provide this information for UEs in Idle Mode in a terrestrial cell currently. This information could only be broadcast for idle mode UEs if SIB19 is provided, but that would make the UE interpret the cell as a NTN cell and not a TN cell. 
[bookmark: _Toc146734068]Do not specify requirements for TN to NTN cell reselection in Release 18. 
NTN to TN Cell Reselection
In  the previous RAN4 meeting,  the following issue was discussed was reached:
	Issue 3-2: NTN-to-TN Cell reselection
FFS:
· For NTN-to-TN cell reselection,
· Option A: RAN4 to not update the existing UE requirements other than adding the clarification that UE is not required to perform TN cell measurement in an area where there is no TN network coverage on a given frequency layer based on the provide TN cell coverage information and UE GNSS position information.
· Option B: A UE shall start (up to UE implementation) measurements on TN cell (frequency layer) before arriving in a TN cell range indicated by the TN cell information. After UE enters overlapped coverage by TN/NTN cell,
· If the UE doesn’t detect any TN cell or measures signal strength from any TN cell lower than a threshold and the measured signal strength of NTN cell that UE camps on meets S-criteria, the UE shall:
· Option B-1: skip measurements on TN cell for a time period before resuming measurements. 
· Option B-2: relax measurements on TN cell until TN cell is detected and signal strength from any TN cell is higher than a threshold.
· Otherwise, UE shall keep normal measurements on the TN cell (frequency layer).
· Option C: TN coverage area centre and radius can be used for measurement initiation for cell reselection.
· Such as for intra-frequency cell reselection for earth fixed cell: in measurement time, the distance between UE location and NTN cell reference location is less than distanceThresh and the distance between TN coverage area centre and NTN cell reference location plus radius is less than distanceThresh. For inter-frequency cell reselection, apply the similar rule.
· For earth moving cell, the reference location should be updated with reference location with time reference.
· 



We will now discuss how we see these options:
· Option A: does not seem reasonable from our point of view. The reason is that the current requirements are not applicable for a cell reselection from NTN to TN. First of all, the applicability rules in TS 38.133 indicate that, only mobility across satellite in the same orbital layer (GSO to GSO and NGSO to NGSO) are to be considered AND that the requirements only apply when the UE is provided with satellite assistance information. 
So, as it is important that the RAN4 work is aligned to the other RAN groups to provide meaningful requirements for the intended operation of the devices and features developed across the different RAN WG, the starting point should be updating the applicability rules for cell reselection:
[bookmark: _Toc146734069]In Rel-18, update the applicability rules on TS 38.133:
a. [bookmark: _Toc146734070]Cell reselection requirements apply between satellites on the same layer or between a NTN cell and a TN cell. 
b. [bookmark: _Toc146734071]Cell reselection requirements where both source and target cell are NTN cells are only applicable when the UE is provided with satellite assistance information for the target cell; 
c. [bookmark: _Toc146734072]Cell reselection requirements where source cell is NTN and target cell is TN regardless of assistance information to the target cell. 	
The other options, B and C also bring relevant aspects that should be discussed in our view:
· Option B creates a requirement that is difficult to verify and that might be difficult to interpret by the UE when it says “shall start (up to UE implementation) measurements on TN cell (frequency layer) before arriving in a TN cell range”.  A UE might be close to TN cell range for long periods of time without entering it, but in order to comply with such requirement, it would probably start the measurements long before needed, wasting UE power. Moreover, it is hard to verify whether the measurements were started before the UE entered the range of the TN cell. 
The goal of RAN2 when designing the TN assistance information was to prevent the UE to waste energy with unnecessary measurements. And start the measurements while the UE is still outside the area of the TN is not in line with RAN2 view on this matter:
	Agreements (RAN2 #122):
1.	An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority



 
Therefore, the measurements should only be required at the UE side after the UE is within the range of the TN. This is more in line with Option C, in our view. 
[bookmark: _Toc146734073]If the UE is configured to measure TN cells, and TN coverage information is provided, the UE is only required to perform cell reselection measurements for a given TN frequency layer, if the UE is within one or more of the TN areas provided for this frequency layer. A TN area is defined by a reference location and the radius, as provided in RAN2 signaling. 
d. [bookmark: _Toc146734074]This proposal only applies to the UEs that can support the “skipping of TN neighbour cell measurements” capability defined by RAN2. 	
e. [bookmark: _Toc146734075]If no TN coverage information is provided or if the UE does not support the capability, the UE shall perform measurements towards the TN frequency layers normally.

In the proposal above, one key aspect is whether the UE is configured to measure TN cells. It is important that the UE can differentiate whether a cell to be measured is a TN or NTN cell, and RAN2 have already reached some agreements on this regard:
	RAN 2 #121bis:

· On a frequency band number shared by TN and NTN (e.g., n1), if NTN-specific assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell. This understanding is also applicable for Rel-17 and it does not need any spec update




Therefore, we propose:
[bookmark: _Toc146734076]When the UE is configured in SIB3/4 to measure cells, to whom no satellite assistance information is provided, UE assumes this is a TN neighbour cell and the specific requirements for NTN->TN cell reselection apply.  

Capturing requirements for cell reselection towards TN. 
At current Release, it is expected that TN cells might only be configured for measurements in inter-frequency layers. It is also expected that TN and NTN do not coexistence in the same frequency layer. Therefore, for a given SMTC/MG associated to a terrestrial frequency layer, the UE is not expected to adjust its doppler pre-compensation for multiple different target cells. Hence:
[bookmark: _Toc146734077]For cell reselection between NTN and TN cells Kmulti_SMTC ,i=1, if frequency layer i is configured for measurement of TN cells. 
Another aspect that was recently agreed in RAN2 is the RAT associated to the target cells in TN:
	Agreements (RAN 2 #12): 
1.	Both of the NR TN coverage and EUTRA TN coverage can be provided.




[bookmark: _Toc146734078]  Capture in TS 38.133 the cell reselection from NR NTN to EUTRA TN. 

Location based measurement initiation in Earth-Moving scenarios.
In Rel-17, the location-based measurement initiation for cell reselection was introduced, with the basic functionality described in TS 38.304, clause 5.2.4.2. However, the concept was limited to earth-fixed cells, as a fixed reference location on Earth was assumed. For Rel-18, one of the enhancements introduced was to have the measurement initiation based on location also extended for Earth moving cells:
	Agreements on RAN2 #121bis
1.	RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
2.	For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
3.	For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
4.	For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
5.	Time-based cell reselection criteria is not pursued in R18.

Agreements on RAN2 #122



At the same time, RAN2 has agreed that the location-based mechanism is limited to be used for the measurement initiation and not for the definition of cell reselection trigger/priorities assignment, etc:
	1.	Location-based cell reselection criteria are not pursued in R18.



The most important feature on the location based measurement initiation for Earth-Moving cells that differentiate it from the mechanism used for  Earth fixed is presented in the first agreement on the box above from RAN2 #121bis: “the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epoch time”
[bookmark: _Toc146734079]It is expected that the reference location on Earth Moving cells is moving and that the UE shall derive the trajectory.
[bookmark: _Toc146734080]Define the location-based measurement initiation considering a moving reference location where the UE shall derive the trajectory based on satellite ephemeris and epoch Time. 
f. [bookmark: _Toc146734081]The location of the moving reference location is updated over time, such that the angle between the reference location and the satellite position given by the ephemeris remains constant compared to the last time UE has read the ephemeris information.. 


Connected Mode Enhancements
Hard satellite switch with same PCI. 
During the HARD PCI switch with same PCI, the serving satellite switches, but the PCI is maintained, which means the procedures in the higher layers is maintained. In this case, at some point, the UE will stop transmitting towards one satellite and start transmission toward the other satellite. This indicates a sudden transition in timing advance.  RAN2 has indicated that this is a possible scenario, and the UE needs to know how to deal with the timing advance:
	RAN2 agreement from RAN2 #122:

->	In hard switch unchanged PCI scenario (i.e. no handover), the UE needs to know the time the UE attempts to re-synchronize. (FFS whether a new “t-Start” / a t-gap is needed or whether t-Service can be reused (i.e. no other IE) if the gap is very short/zero).


 
There is one further issue, that is caused by the fact that the hard-switch is associated to an instant in time, on the satellite reference. This means that if the satellite indicates that the hard-switch will occur at a given time tswitch (configured by t-service, for example), this means that the satellite will cease the transmissions to/from the UE at tswitch. To understand the issue, observe the Figure 1, where 
· UL(t0) represents the UL slot number transmitted by the UE at time t0;
·  likewise, DL(t0) represents the DL slot number transmitted by the gNB at time t0. 
· t0 is a point in time prior to the switch. 
[image: ]
Figure 1. UL and DL reference times at reference time t0 prior to the switch
Figure 2 shows what happens when tswitch is achieved and the satellite cease its transmissions to handover the PCI to a different satellite (hard switch). However, the delays in NTN are in the order of several slots. So when tswitch happens, note that from the point that the satellite ceases its transmissions, it can no longer receive UE information in UL and it can no longer transmit in the DL towards the UE. 

[image: ]
Figure 2 UL and DL reference times at tswitch

Now, lets assume that:
· The propagation time t2 is equivalent to an offset of x2 slots
· The propagation time t1 is equivalent to an offset of x1 slots
· The total UL timing advance is then equal to x1+x2 slots. 
· The DL slot given by DL(tswitch) = n. 

Then,  Figure 2 can be redrawn into Figure 3 at tswitch:
[image: ]
Figure 3. DL and UL slot numbers at the UE, satellite and gNB when the switch happens.

Therefore, 
· Any DL slot received by the satellite after slot after n-x1 cannot be relayed to the UE. 
· Any DL slot between [n-x2-x1, n-x1] has been already transmitted by the satellite but it is still travelling through the air interface. 
· Any UL slot received by the satellite after UL slot  n+x2 cannot be relayed to the gNB
· Any UL slot between [n, n+x1] has been already transmitted by the satellite but is still travelling through the air interface.

Hence, if we measure the activity in DL and UL of the gNB such that every reachable slot is used at both ends we will have something similar to Figure 4, where greyed slots are “unreachable” slots:
[image: ]
Figure 4. DL and UL reachable slots by gNB and UE when a hard switch occurs.

So, it is clear from Figure 4 that the UE might still receive several DL slots from the source satellite, while it is not capable to transmit in this direction. 
[bookmark: _Toc146734082]For hard-switch the UL switch time and the DL switch time at the UE are different.
g. [bookmark: _Toc146734083]UL switch time occurs at tue_ul_switch = t-service – feeder link propagation delay
h. [bookmark: _Toc146734084]DL switch time occurs at tue_dl_switch = t-service + feeder link propagation delay

[bookmark: _Toc146734085]Separate UL and DL interruption requirements for the case of hard satellite switch with same PCI. 


Time and Location Based Conditional Handovers

Recently, RAN2 has agreed that time and location conditional triggers can be configured independently, i.e., without any other radio conditions associated to the trigger. This will require that RAN4 requirements are updated to deal with this new potencial scenarios. 
	Agreement (RAN2 #123):
6. For CHO in NTN (both NR NTN and eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition). We add a description/note saying in which scenarios this is reasonable, e.g. at least hard-switch case where gap is assumed to be zero/negligible



[bookmark: _Toc146734086] RAN4 to specify new requirements for the CHO with time and or distance independent triggers.
[bookmark: _Toc116995848]Conclusion
In this paper we have analyzed the mobility enhancements for NTN UEs, and have discussed the impact of such enhancements in RRM requirements. Based on this discussion, we make the following set of observations and proposals:
Proposal 1: Do not specify requirements for TN to NTN cell reselection in Release 18.
Proposal 2: In Rel-18, update the applicability rules on TS 38.133:
a.	Cell reselection requirements apply between satellites on the same layer or between a NTN cell and a TN cell.
b.	Cell reselection requirements where both source and target cell are NTN cells are only applicable when the UE is provided with satellite assistance information for the target cell;
c.	Cell reselection requirements where source cell is NTN and target cell is TN regardless of assistance information to the target cell.
Proposal 3: If the UE is configured to measure TN cells, and TN coverage information is provided, the UE is only required to perform cell reselection measurements for a given TN frequency layer, if the UE is within one or more of the TN areas provided for this frequency layer. A TN area is defined by a reference location and the radius, as provided in RAN2 signaling.
a.	This proposal only applies to the UEs that can support the “skipping of TN neighbour cell measurements” capability defined by RAN2.
b.	If no TN coverage information is provided or if the UE does not support the capability, the UE shall perform measurements towards the TN frequency layers normally.
Proposal 4: When the UE is configured in SIB3/4 to measure cells, to whom no satellite assistance information is provided, UE assumes this is a TN neighbour cell and the specific requirements for NTN->TN cell reselection apply.
Proposal 5: For cell reselection between NTN and TN cells Kmulti_SMTC ,i=1, if frequency layer i is configured for measurement of TN cells.
Proposal 6: Capture in TS 38.133 the cell reselection from NR NTN to EUTRA TN.
Observation 1: It is expected that the reference location on Earth Moving cells is moving and that the UE shall derive the trajectory.
Proposal 7: Define the location-based measurement initiation considering a moving reference location where the UE shall derive the trajectory based on satellite ephemeris and epoch Time.
a.	The location of the moving reference location is updated over time, such that the angle between the reference location and the satellite position given by the ephemeris remains constant compared to the last time UE has read the ephemeris information..
Proposal 8: For hard-switch the UL switch time and the DL switch time at the UE are different.
a.	UL switch time occurs at tue_ul_switch = t-service – feeder link propagation delay
b.	DL switch time occurs at tue_dl_switch = t-service + feeder link propagation delay
Proposal 9: Separate UL and DL interruption requirements for the case of hard satellite switch with same PCI.
Proposal 10: RAN4 to specify new requirements for the CHO with time and or distance independent triggers.

[bookmark: _Toc116995849]
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