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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]




As a development of the objective highlighted in green on the box above, RAN2 has developed more efficient mobility mechanisms for NTN in order to minimize the signalling overhead such as: RACH-less HO and satellite switchover without PCI changing (“satellite switch with re-sync”). In order to guarantee a harmonized implementation of the specifications regarding the newly introduced features, RAN2 has sent an LS to RAN4 asking about the feasibility of the satellite switch with re-sync [2]. This paper is dedicated to analyze the technical document sent by RAN2 to RAN4 and to provide answers to the LS inquiries. 
Besides, in previous meetings, RAN4 has initiated the discussion on the topic and some progress was made and captured in [5]. This contribution also aims to cover some of the open issues relative to the following topics:
· Idle Mode Mobility Enhancements
· NTN to TN Cell reselection
· TN to NTN Cell Reselection
· Connected mode mobility enhancements
· RACH-less HO

Agreements:
	





[bookmark: _Toc116995842]Discussion
Satellite switching with re-sync
In their LS to RAN4 [2], RAN2 has indicated that they have specified a new feature (“satellite switch with re-sync”), which might be configured in two different types of satellite switching: soft and hard. According to the description of the feature functionality, they are exactly the same except for the differences highlighted in the box below:
	
	Hard satellite switch with re-sync 
	 Soft satellite switch with re-sync

	Procedure start time
	 At t-service
	Between t-start and t-service (UE decision)

	SSB information of target cell
	Optional
	Mandatory



RAN2 goes on to ask RAN4 whether based on such principles and on the procedural description presented in [3], whether there are concerns to the feasibility of UE performing downlink synchronization to the target satellite while the communication with the source satellite is going on. 
The first feasibility concern for the acquisition of synchronization signals between source and target satellite depends on whether the SSB signals radiated by source and target satellites are not overlapping at UE reception. According to the description provided in [2][3], the network will notify the UE about a transmit timing offset between source and target satellites:
	Agreements according to [2]:
2. At least for soft switch, there needs to be an “SSB time offset” between the source and the target satellite. “SSB time offset” is specified as a new IE, with the same format as “offset” in SSB-MTC4
3. Target satellite SSB tracking is handled autonomously by the UE based on the provided SSB time offset 
4. The “SSB time offset” between the source and the target satellite should be provided in SIB19
5. For soft satellite switch, as a baseline, it is sufficient to provide the “SSB time offset” of the target satellite in SIB19. (Can come back in the next meeting to check whether a different SSB index for the target satellite can optionally be provided)





The following analysis is provided assuming the “offset” is defined similarly to the “offset” used in SMTC4, i.e., it is a transmission time offset at the gNB:
	From TS 38.331:

smtc4list
Measurement timing configuration list for NTN deployments, see clause 5.5.2.10. The offset of each SSB-MTC4 in smtc4list is based on the assumption that the gNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms, and UE can adjust the actual offset based on the actual propagation delay difference. For a UE that supports less SMTCs than what is included in this list, it is up to the UE to select which SMTCs to consider.




Therefore, the question is: whether it is possible to guarantee – via the offset in timing between the two nodes – that the SSB transmitted do not overlap at UE reception. 
For clarity and brevity, the calculations used to derive the conclusions in this section are presented in Annex A of the current document. 

For NGSO, it is possible to guarantee that a proper offset can be set in any scenario to avoid overlap between SSBs. 
For GSO, it is not always possible to guarantee non overlapping SSB at UE reception in every scenario simply based on offset, but satellite switching might not be as relevant for GSO. 

Another critical aspect of the soft-switch operation is that the current understanding is that during the “soft-switch duration”, i.e., the interval between t-start and t-service, both satellites will be broadcasting the same cell, while UEs are slowly moved from one anchor satellite to another. This means, that DL transmissions in the target satellite start earlier for some UEs, while other UEs might still be hooked on the source satellite. 
However, as it is demonstrated in the annex the DL delay differential observed by different UEs in the same NGSO cell can be as high as 6,28 ms. Meaning, the overlapping slots vary significantly depending on the observing UE. 
In this case, source and target satellites will both be broadcasting the same cell, in the same area but with different overlapping slots at UE reception. The DL payload data allocated to some UEs will necessarily constitute interference to the other UEs.  In this case, depending on the difference in power between source and target satellite one or both SSBs (from source and target) might not be fully decodable.  

[bookmark: _Toc159273088]Depending on the difference in power between source and target satellite, the destructive interference caused by the DL payload from either source or target satellite might make the SSB data from the other satellite not decodable at the UE side. 

For observation 3, it might be considered that this can be taken into account by the NW scheduler to avoid data colistion, however, there is another aspect to be taken into consideration is relative to the scheduling restrictions and the SMTC measurements. First of all, regarding the SMTC configuration, there are two options available:
· Option 1: The same SMTC configuration used for the source node is reused for the target node. The UE no longer measures the source node, and dedicates the SMTC to measure the target node. 
· Option 2: Different SMTC configuration is provided for the UE to measure the target node. 

None of these two options fully solves the problem. In option 1, the UE has to drop the measurements towards the source satellite to adjust the SMTC configuration toward the target satellite, adjusting time and frequency. However, the UE can only measure a different satellite without DL/UL restriction if the UE supports the capability parallelMeasurementWithoutRestriction-r17. If the UE does not support it, it is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all symbols within SMTC window duration. But the problem, is that the network is not capable to estimate the propagation delay difference, as it does not have an estimation of the delay from the UE towards the target satellite. So it cannot estimate where the SMTC window will be placed by the UE. In short, from NW point of view, all UL/DL resources are restricted to this UE that “may” be measuring the different node. 
 
In the second option, it is easier to estimate the network restriction, but it is much harder to guarantee that the configured SMTC will actually overlap with the SSB reception from the target node by the UE, as the UE cannot adjust this configuration. 
[bookmark: _Toc159273089]If the UE is configured with a different SMTC for the target satellite, but cannot adjust the SMTC window due to the propagation delay difference, the NW cannot guarantee that the SMTC opportunities will coincide with the SSB reception by the UE.
[bookmark: _Toc159273090]If the UE can adjust the SMTC opportunity to measure the target satellite due to the propagation delay difference, then if the UE does not support parallelMeasurementWithoutRestriction-r17, this UE has to be considered to be in scheduling restrictions for the whole duration of the soft-switch window. 


[bookmark: _Toc159273091]Based on this discussion we propose:
[bookmark: _Toc159273092]Include the following observations on the LS reply to RAN 2:
a. [bookmark: _Toc159273093]For NGSO, it is possible to guarantee that a proper offset can be set in any scenario to avoid overlap between SSBs.  For GSO, it is not always possible to guarantee non overlapping SSB at UE reception in every scenario simply based on offset, but it might not be as relevant as a scenario.
b. [bookmark: _Toc159273094]For NGSO, depending on the difference in power between source and target satellite, the destructive interference caused by the DL payload from either source or target satellite might make the SSB data from the other satellite not decodable at the UE side. However, this can be addressed by scheduler implementation. 
c. [bookmark: _Toc159273095]If the UE is configured with a different SMTC for the target satellite, but cannot adjust the SMTC window due to the propagation delay difference, the NW cannot guarantee that the SMTC opportunities will coincide with the SSB reception by the UE. 
d. [bookmark: _Toc159273096]If the UE is allowed to adjust the SMTC opportunity to measure the target satellite due to the propagation delay difference, then if the UE does not support parallelMeasurementWithoutRestriction-r17, this UE has to be considered to be in scheduling restrictions for the whole duration of the soft-switch window. 

In [2] is was written that
3. Target satellite SSB tracking is handled autonomously by the UE based on the provided SSB time offset 
Now one issue is what happens if the SSB tracking requires the SMTC window to be moved, as the SSB reception falls outside the window. The UE can adjust the SMTC window itself for instance when the SSB is at a certain offset of the middle of the window. However, the network needs to have an understanding of this as it needs to take it in account when doing scheduling decisions.
Based on this, there are two approaches that might alleviate this problem: 
· Option 1: Create a mechanism to allow the UE to report the PDD during the setup of satellite switching with re-sync
· Option 2: Only allow UEs to perform the measurement in the target satellite, if the scheduling restriction caused by the sliding of the SMTC window is below a given threshold “T”, i.e., if the PDD is smaller than T.
[bookmark: _Toc159273097]In order to alleviate the scheduling restriction problem, RAN4 to ask RAN2 in the LS to provide one of the following solutions:
e. [bookmark: _Toc159273098]Option 1: Create a mechanism to allow the UE to report the PDD during the setup of satellite switching with re-sync
f. [bookmark: _Toc159273099]Option 2: Only allow UEs to perform the measurement in the target satellite, if the scheduling restriction caused by the sliding of the SMTC window is below a given threshold “T”, i.e., if the PDD is smaller than T.

Cell Reselection and Idle mode mobility
NTN to TN cell Reselection

In the previous meeting, RAN4 has agreed to define NTN to TN cell Reselection requirements [6]: 
	Issue 4-2: NTN to TN cell reselection
Agreement:
· Define requirements on NTN to TN cell reselection.




It is also expected that TN and NTN do not coexist 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 from both TN and NTN layers, i.e., a TN frequency layer do not need multiple doppler adjustments, except for the “zero-doppler” assumption. Hence:
[bookmark: _Toc149937554][bookmark: _Toc159273100]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][bookmark: _Toc159273101]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”.  


TN to NTN coverage

Also in the previous meeting, RAN4 has agreed to incorporate TN to NTN coverage in the requirements [6]:
	[bookmark: _Hlk147849822]Issue 4-1: TN to NTN cell reselection
[bookmark: _Hlk151026905]Agreement:
· Define requirements on TN to NTN cell reselection.
· Define core requirements for GNSS ON and GNSS switch OFF to ON, no test case.
· No specific value for the GNSS time to first fix to be define for the case of GNSS switch OFF to ON.




The GNSS aspect is a relevant one, as it might interfere significantly with the total time to complete the “TN to NTN cell reselection” once the UE can only register in the target NTN cell upon acquiring UL synchronization. On the other hand, if the UE spends too much energy with unnecessary GNSS updates, then the UE battery might be drained in energy constrained scenarios. 
The question that arises is whether the GNSS is necessary only for acquiring the syncrhonization towards the target (NTN) cell or whether it is necessary also during the measurement procedures. Previous understanding in RAN4 was that, due to the doppler and time variation in NTN, the usage of satellite assistance information for NGSO measurements was paramount, such that the UE could apply the right doppler and SMTC corrections. For GSO, the same precondition was not valid.  
Therefore, if GNSS is necessary for the NGSO measurements to be performed it needs to be switched on when measurements are performed. We propose to make mandatory the UE to switch GNSS on when measuring a higher priority frequency layer in NTN or a lower priority layer after not finding other suitable cell for more than a given period of time. Hence, we propose: 
[bookmark: _Toc159273102]In GSO scenarios, GNSS may be off during measurement procedures for cell reselection, and additional delay time is expected due to GNSS switch-on after the UE reselects to a NTN cell. 
[bookmark: _Toc159273103]In NGSO scenarios, GNSS shall be on during measurement procedures for cell reselection, if the NTN capable UE is configured to measure a NTN frequency layer with higher priority. 
[bookmark: _Toc159273104]In NGSO scenarios, GNSS may be off during measurement procedures for cell reselection if the NTN capable UE is configured with all NTN frequencies with lower or equal priority as terrestrial frequency layers. If the UE cannot find a suitable terrestrial cell within [T] seconds, GNSS shall be turned on to measure on NTN frequency layers. 

For TN to NTN cell reselection, further considerations are needed, in terms of number of satellites to be measured, as in NTN-NTN cell reselection for NGSO, the cell reselection delay times are enlarged when the UE needs to measure cells associate to more than one satellite. It needs to be discussed if this scenario is also applicable to TN-to-NTN cell reselection. 
[bookmark: _Toc159273105]RAN4 to discuss whether the number of neighbor satellites to be measured in a NGSO NTN layer shall be limited to 1. 
And in terms of specification editorial decision, we also have some considerations, as there’s a discussion about which subclause should be used to capture the TN-to-NTN cell reselection. In principle we understand that clause 4.2C applies for UEs already camped in NTN cells, whereas clause 4.2 applies to UEs camped in terrestrial cell. Based on this, we propose:
[bookmark: _Toc159273106]RAN4 to capture requirements for TN-to-NTN cell reselection in IDLE mode in a new subclause under clause 4.2



Cell Reselection and Idle mode mobility
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.
Based on this, RAN4 should ratify and transform in agreement the FFS from the previous meeting:
	Issue 5-3: NTN to NTN time and location-based trigger CHO enhancements
FFS:
· The existing conditional CHO requirement defined in 6.1C.2.2 (DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, Tinterrupt = Tprocessing + TIU + T∆ + Tmargin) is reused with the following updates:
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time or location condition is fulfilled.
· Remove Tmeasure
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tseach is the same as the existing one defined in 6.1C.2.2.





[bookmark: _Toc159273107]RAN4 to agree on the FFS proposed in Issue 5-3 of the Way-Forward, R4-2321362.

[bookmark: _Toc116995848]
Conclusion
In this paper, we discuss several aspects of UE mobility in NTN and the following observations and proposals were made:


The following Observations and Proposals were made:
Observation 3: Depending on the difference in power between source and target satellite, the destructive interference caused by the DL payload from either source or target satellite might make the SSB data from the other satellite not decodable at the UE side.
Observation 4: If the UE is configured with a different SMTC for the target satellite, but cannot adjust the SMTC window due to the propagation delay difference, the NW cannot guarantee that the SMTC opportunities will coincide with the SSB reception by the UE.
Observation 5: If the UE can adjust the SMTC opportunity to measure the target satellite due to the propagation delay difference, then if the UE does not support parallelMeasurementWithoutRestriction-r17, this UE has to be considered to be in scheduling restrictions for the whole duration of the soft-switch window.
Based on this discussion we propose:
Proposal 1: Include the following observations on the LS reply to RAN 2:
a.	For NGSO, it is possible to guarantee that a proper offset can be set in any scenario to avoid overlap between SSBs.  For GSO, it is not always possible to guarantee non overlapping SSB at UE reception in every scenario simply based on offset, but it might not be as relevant as a scenario.
b.	For NGSO, depending on the difference in power between source and target satellite, the destructive interference caused by the DL payload from either source or target satellite might make the SSB data from the other satellite not decodable at the UE side. However, this can be addressed by scheduler implementation.
c.	If the UE is configured with a different SMTC for the target satellite, but cannot adjust the SMTC window due to the propagation delay difference, the NW cannot guarantee that the SMTC opportunities will coincide with the SSB reception by the UE.
d.	If the UE is allowed to adjust the SMTC opportunity to measure the target satellite due to the propagation delay difference, then if the UE does not support parallelMeasurementWithoutRestriction-r17, this UE has to be considered to be in scheduling restrictions for the whole duration of the soft-switch window.
Proposal 2: In order to alleviate the scheduling restriction problem, RAN4 to ask RAN2 in the LS to provide one of the following solutions:
a.	Option 1: Create a mechanism to allow the UE to report the PDD during the setup of satellite switching with re-sync
b.	Option 2: Only allow UEs to perform the measurement in the target satellite, if the scheduling restriction caused by the sliding of the SMTC window is below a given threshold “T”, i.e., if the PDD is smaller than T.
Proposal 3: 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 4: 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 5: In GSO scenarios, GNSS may be off during measurement procedures for cell reselection, and additional delay time is expected due to GNSS switch-on after the UE reselects to a NTN cell.
Proposal 6: In NGSO scenarios, GNSS shall be on during measurement procedures for cell reselection, if the NTN capable UE is configured to measure a NTN frequency layer with higher priority.
Proposal 7: In NGSO scenarios, GNSS may be off during measurement procedures for cell reselection if the NTN capable UE is configured with all NTN frequencies with lower or equal priority as terrestrial frequency layers. If the UE cannot find a suitable terrestrial ell within [T] seconds, GNSS shall be turned on to measure on NTN frequency layers.
Proposal 8: RAN4 to discuss whether the number of neighbor satellites to be measured in a NGSO NTN layer shall be limited to 1.
Proposal 9: RAN4 to capture requirements for TN-to-NTN cell reselection in IDLE mode in a new subclause under clause 4.2
Proposal 10: RAN4 to agree on the FFS proposed in Issue 5-3 of the Way-Forward, R4-2321362.

Annex A
The typical scenario for the satellite switching with re-sync is depicted in Figure 1, which also shows the respective propagation delay times (feeder link and service link) respective to a UE in the cell. Assuming a SSB periodicity of 20 ms, in this scenario we can say that:
· The source node broadcasts the SSB at t0, where t0 = 0, 20 ms, 40 ms, ….
·  The target broadcasts the SSB at t0 + toffset , where toffset corresponds to the offset value indicated in the SIB message for the target satellite. 


[image: A line in a dark area

Description automatically generated with medium confidence]
[bookmark: _Ref158728723]Figure 1. Typical scenario for satellite switching with re-sync, showing the different propagation delay  elements. 

First of all, our understanding is that in the soft switch, the target satellite starts the transmission over the cell area (“footprint”) at the instant T-start which is necessarily before T-service.

Consequently, based on the above and in the picture presented in Figure 1, the UE:
· Receives the SSB from source node at: t0 + tSL,source  + tFL,source
· Receives the SSB from target node at: t0 + tSL,target + tFL,target + toffset

Because the SSB window (SMTC window) has a duration of 5 ms, then for avoiding overlapping, the SSB from the target node must be received outside the window of [t0-5 ms, t0+5ms], which is equivalent to say that the total delay difference  (propagation delay difference  + toffset ) is outside the range [-5, 5 ms] + t0.
The total delay difference, tdiff, is given by: 
tdiff  = (t0 + tSL,source, tFL,source) - (t0 + tSL,target + tFL,target + toffset )  = tSL,source + tFL,source - tSL,target  - tFL,target - toffset.     (1)
We can decompose the total offset value in two components: one to account for the feeder link delay difference, t0,FL; and the other accounting for the service link delay difference, t0,SL. Because the feeder link delay difference is deterministic and well-known from the NW point of view, the offset can be set such that  t0,FL = tFL,source - tFL,target. 
And as a result, we can re-write (1) as:
tdiff =  tSL,source - tSL,target  - t0,SL         (2)
For each UE in the cell, the value  of tdiff  in equation 2 has to be outside the mentioned range above [-5, 5 ms] + t0. 
It is important to observe that the value of (tSL,source - tSL,target ) may vary significantly for different UEs in a cell, for example, consider the scenario depicted in Figure 2. The broadcasted value of the offset is the same for all 3 UEs, and therefore shall be sufficient to avoid overlapping between SSBs. Considering a NGSO system operating at 1200 km as worst case scenario, and using the reference numbers provided in TS 38.821 [5] for minimum and maximum propagation delay between a UE and a satellite (4 and 12.9 ms) and the maximum delay difference between two UEs and a the same satellite within the same radio (3.18 ms), the following assumptions can be made for UEs with index i and j:
· Max(tSL,source,i - tSL,target i  ) - Min(tSL,source,j - tSL,target ,j  ) = 6,36 ms. 

For GSO, however, the maximum differential delay between two UEs in the same cell is up to 10.3 ms. As such, it is not possible guarantee total separation for the two overlap instances for every UE in this cell: 
· Max(tSL,source,i - tSL,target i  ) - Min(tSL,source,j - tSL,target ,j  ) = 20,6 ms. 

Therefore, it terms of feasibility of non-overlapping SSB allocations:
· For NGSO, it is possible to guarantee that a proper offset can be set in any scenario to avoid overlap between SSBs. 
· For GSO, it is not always possible to guarantee non overlapping SSB at UE reception in every scenario simply based on offset. 

[image: A screen shot of a screen

Description automatically generated]
[bookmark: _Ref158813329]Figure 2. Typical scenario for satellite switch with re-sync with multiple UEs in the cell. 
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