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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 [4]. 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
· 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
NTN to TN Cell Reselection
In current stage of agreements, RAN4 has decided that “UE is allowed to skip TN neighbour cells measurement in an area where there is no coverage of the frequency based on the provided TN cell coverage information and UE GNSS position information.” but it was further left for further discussion whether and how to implement it in RAN4 specifications. 
Service continuity is an important objective of this WI, and RAN2 has dedicated significant efforts to design this feature and provide appropriate enhancements. We think it is important that RAN4 specify the requirements for this   feature, in special considering the low effort needed to do it: 1) it is our understanding that the NTN to TN cell reselection is only configured for inter-frequency measurements, and 2) the current requirements used for NTN-to-NTN inter frequency cell reselection for the time to evaluate, detect and measure a new cell are applicable to NTN to TN.  3) It is also expected that TN and NTN do not coexistence in the same frequency layer. Therefore, for a given SMTC associated to a terrestrial frequency layer, the UE is not expected to adjust its doppler pre-compensation for multiple different target cells. Hence:
[bookmark: _Toc149937554]For the NTN to TN Cell Reselection Requirements, re-use the same requirements for inter-frequency cell reselection (Tmeasure, Tdetect, Tmeasure) used for NTN to NTN, with K_multi_SMTC =1.
[bookmark: _Toc149937555]Capture in specification that “When the UE is configured to measure a frequency layer associated to terrestrial cells, the measurement requirements are not applicable when the UE is provided with information about the TN coverage area and the UE is outside the coverage area”.  

Another aspect that was recently agreed in RAN2 is the RAT associated to the target cells in TN:
	Agreements (RAN 2 #123): 
1.	Both of the NR TN coverage and EUTRA TN coverage can be provided.




[bookmark: _Toc149937556]  Capture in TS 38.133 the cell reselection from NR NTN to EUTRA TN. 

Another point discussed in the previous meeting regards whether RAN4 should provide measurement enhancements when the UE is configured to measure a terrestrial cell, considering that there might be a mismatch between the coverage area provided and configured in SIB and the actual one. We do not consider advantageous to relax the UE measurements in such scenarios. First of all, the UE will only be measuring the NTN frequency in two scenarios:
· TN frequency has lower priority AND one of the measurement initiations condition was met (S-Criteria below a certain level, Time-based measurement initiation or location-based measurement initiation): in any of the cases where a measurement condition was triggered, the UE has expectation of running out of coverage soon, and shall measure all configured frequencies as expected, in order to find a new cell. 
· TN frequency has higher priority than the current NTN frequency: in this case, the NW has already decided that the UE shall search the TN frequency as soon as possible, by assigning a higher priority to it. Besides, RAN2 already provided the measurement enhancement by creating the concept of the “TN coverage area” that might be conservatively configured by the NW. If the NW has assigned higher priority for this frequency layer, it is counter-intuitive to provide a relaxation of the measurements for this frequency, which might end up in a situation where frequencies with lower priority are measured more often then frequencies with higher priority. 
[bookmark: _Toc149937557]Do not provide enhancements for the TN cell reselection to account for mismatch between the TN coverage area configured by the Network and the real coverage area.  



Hard satellite switch with same PCI. 
In our previous contribution, we have demonstrated that the point in time where DL and UL data channels become unreachable from/toward the target satellite are different in time (the discussion is reproduced for convenience in Annex A): 
[bookmark: _Toc149937558]For hard-switch the UL switch time and the DL switch time at the UE are different.
a. [bookmark: _Toc149937559]UL information sent by UE toward source satellite is unreachable from tue_ul_switch = t-service – feeder link propagation delay
b. [bookmark: _Toc149937560]DL switch time occurs at tue_dl_switch = t-service + feeder link propagation delay

Therefore, if the UE is in this condition the UE needs to stop transmitting towards the target satellite at time a.	tue_ul_switch = t-service – common delay, and in this point in time the UE shall perform UE transmission towards the target satellite. However, the UE can still be monitoring the old satellite, as it is potentially awaiting for a dynamic/configured grant to be used at the target satellite. But if the UE is performing this operation, then it is monitoring the DL incoming from a satellite while switching the UL operation towards a different satellite. This can only be performed for UEs that support the capability parallelMeasurementWithoutRestriction-r17. 
[bookmark: _Toc149937561]In the case of hard satellite switch with same PCI, a scheduling restriction applies to UEs that do not support parallelMeasurementWithoutRestriction-r17 starting at the UL slot to be transmitted at tue_ul_switch = t-service – common delay. 

Downlink interruption time
As previously discussed, the last slot transmitted in DL by the GW towards the source satellite was transmitted in the DL slot corresponding to the last slot that can be completed before: tue_dl_switch = t-service + common delay. This is represented by slot “n” in Figure 1. The first slot transmitted by the gNB towards the target satellite is depicted in the same figure as slot “m”. 
Assuming the gNB maintains the time alignment across the transmitted slots before and after the switch, there is further restrictions over slot “m”. If it is transmitted too early, it might collide in DL with the transmissions received by the UE from the source satellite (destructive interference) depending on the difference between the total propagation time comparing the routing through sourcing and targeting satellite:
· Slot “n” will be received by UE at t(n) + t1 + t2; where t(n) is the transmission point for the slot “n”
· Slot “m” will be received by UE at t(m)+t3 + t4; where t(m) is the transmission point for the slot “m”.
If t(m)+t3+t4 ≤ t(n) + t1 + t2 + tslot, where tslot is the duration of a slot, then there is mutual interference at the DL reception by the UE. Therefore, the NW needs to stop broadcasting for a DL gap (blanking of DL resources) for a period longer than tdiff = t1 + t2 – (t3+t4).
Therefore, there is an added interruption time in DL due to the blanketed resources. From the UE point of view, the interruption time is equal to the difference between tdiff and the downlink transmission gap. And it might be significant depending on the cell size and the uncertainty of tdiff when assessed by the network side (the NW does not know the location of all UEs on the cell). So, we propose:
[bookmark: _Toc149937562]Include in the interruption time for hard satellite switch a component associated to the DL transmission gap. 



[image: ]
[bookmark: _Ref149771662]Figure 1. Discussion on NTN hard satellite switch with same PCI.

[image: ]
Figure 2 Diagram of the DL slots as transmitted by gNB and as received by UE in the case of hard satellite switch

[bookmark: _Toc149937563]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 potential 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




The new CHO in the absence of additional radio related triggers, might cause a situation where a condition is met (either time or location trigger) for a cell that is not known by the UE (i.e. it has not been measured/detected for the past 5 seconds). In this case, the interruption time for CHO needs to be updated to include the search time in the case of Blind CHO.
[bookmark: _Toc149937564] Update CHO requirements for location and time based CHO triggers (independent of radio measurements) to introduce a component for the UE to search the target cell in the case of blind CHO.
[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: For the NTN to TN Cell Reselection Requirements, re-use the same requirements for inter-frequency cell reselection (Tmeasure, Tdetect, Tmeasure) used for NTN to NTN, with K_multi_SMTC =1.
Proposal 2: Capture in specification that “When the UE is configured to measure a frequency layer associated to terrestrial cells, the measurement requirements are not applicable when the UE is provided with information about the TN coverage area and the UE is outsie the coverage area”.
Proposal 3: Capture in TS 38.133 the cell reselection from NR NTN to EUTRA TN.
Proposal 4: Do not provide enhancements for the TN cell reselection to account for mismatch between the TN coverage area configured by the Network and the real coverage area.
Observation 1: For hard-switch the UL switch time and the DL switch time at the UE are different.
a.	UL information sent by UE toward source satellite is unreachable from 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 5: In the case of hard satellite switch with same PCI, a scheduling restriction applies to UEs that do not support parallelMeasurementWithoutRestriction-r17 starting at the UL slot to be transmitted at tue_ul_switch = t-service – common delay.
Proposal 6: Include in the interruption time for hard satellite switch a component associated to the DL transmission gap.
Proposal 7: Separate UL and DL interruption requirements for the case of hard satellite switch with same PCI.
Proposal 8: Update CHO requirements for location and time based CHO triggers (independent of radio measurements) to introduce a component for the UE to search the target cell in the case of blind CHO.
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Annex


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: A screen shot of a computer

Description automatically generated]
Figure 3. 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: A screen shot of a computer
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Figure 4 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 5. 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: A screenshot of a computer
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Figure 6. 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. 
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