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1	Introduction
In this contribution mobility measurement scenarios and potential SMTC enhancements are discussed. The document is a revision of our previous RAN2 contribution [6], but based on the post RAN2 #113e email discussion in [5] we have provided further clarifications on our proposed solution.
The non-terrestrial networks work item description [1] includes the following objective for RAN2:· Connected mode
· …
· 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].

Thus, the RAN2 group is tasked to determine if enhancements to measurement configurations are required to handle the absolute propagation delay difference between satellites.
In the previous RAN2 #112-e the following was agreed:Agreements from RAN2 #112-e
1. Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded) 
2. 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 is the baseline for NTN CHO.  
3. NTN specific CHO execution condition can be further discussed. 
4. The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded. 
5. Legacy SSB periods (as in TN) shall be supported in NTN 

Agreements via email - offline 106: 
1. RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN. 

Agreements: 
1. SMTC and gap configuration in NTN are configured based on the timing of PCell 
2. RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN. 
3. RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN 
4. UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN

The agreements confirm that legacy SSB periods are used, that the SMTC and configuration is based on the timing of the serving cell (i.e. the PCell), and that UE and NTN must have a common understanding of the timing including measurement gaps. Thus, such agreements are in line with current terrestrial network operation.
2	Background on SMTC
A UE is configured to perform SSB-based measurements using the SSB measurement timing configuration (SMTC). According to TS 38.133, section 9.2 [3] the measurements are considered intra-frequency “provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.”
Furthermore, the same section describes the UE can perform intra-frequency measurements without the need for measurement gaps if “the SSB is completely contained in the active BWP of the UE, or the active downlink BWP is initial BWP”.
According to TS 38.331 [4], the SMTC period is 5, 10, 20, 40, 80, 160 subframes, while the duration per SMTC window is 1, 2, 3, 4, 5 subframes. Note the UE may have a secondary SMTC configured. For IAB even a tertiary (smtc3, as per [4]) is possible.  
3 	LEO Scenario
In terrestrial networks (TNs) the relative location in time of an SSB between a serving cell and a neighbor cell is fixed. The propagation delay within each cell depends on the cell size and UE location, and from UE’s perspective it will only vary due to UE movement. 
On the contrary, in low-earth orbit (LEO) scenarios, even the propagation delay between UE and serving cell will vary over time, due to the movement of the satellite. Furthermore, the propagation delays towards neighbor cells on other satellites will also change over time. The scenario will become worse when also accounting for feeder link delay, and will increase with increasing satellite altitude.
The basic scenario is illustrated in Figure 1, where SAT1 is currently providing the serving cell of the UE, while SAT2 is a potential target cell. In the considered scenario, the SAT1 is moving away from the UE, while SAT2, potentially on the same or a parallel orbit, is moving towards the UE. The propagation delay between SAT1 and the UE is designated dSAT1-UE(t) i.e. a function of time t, while the delay between SAT2 and the UE is denoted dSAT2-UE(t). Note that in the transparent satellite scenario, the propagation delays also depend on the relative location of the NTN gateways on Earth. In this example, SAT1 is connected to and moving towards NTN-GW1, while SAT2 is connected to and moving towards NTN-GW2. The respective propagation delays between satellites and gateways are dSAT1-GW1(t) and dSAT1-GW2(t).
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[bookmark: _Ref59024781]Figure 1 Illustration of varying propagation delay towards a UE as a function of satellites' movements.
Due to the satellites’ movement, the propagation delays vary with time. 
Table 1 provides example numbers, based on estimated elevation angles between UE and SAT1/SAT2 and elevation angles between NTN-GW1 and SAT1, and NTN-GW2 and SAT2. In this example the LEO satellites are assumed to be at 600 km altitude.


[bookmark: _Ref61430169]
Table 1 Example of propagation delay variations for a UE monitoring two transparent satellites.
	
	
	UE
	NTN-GW (GW1 for SAT1, GW2 for SAT2)
	Joint GW-SAT-UE delay

	
	Time
	Angle
	Propagation delay
	Angle
	Propagation delay
	

	SAT1
	T1
	30 o
	4 ms
	10 o
	6.4 ms
	10.4 ms

	
	T2
	10 o
	6.4 ms
	30 o
	4 ms
	10.4 ms

	SAT2
	T1
	30 o
	4 ms
	65 o
	2.2 ms
	6.2 ms

	
	T2
	50 o
	2.5 ms
	80 o
	2 ms
	4.5 ms



According to the recent RAN2 agreements, listed in the introduction, the UE’s timing is based on the serving cell (PCell), SAT1 in this example. Therefore, the UE will experience drift of the SSBs from the neighbour cell (SAT2). 
Based on the assumed geometry of the scenario in Figure 1 and Table 1 the propagation delay between NTN-GW1 and UE remains to be approximately 10.4 ms, while the propagation delay between the NTN-GW2 and UE decreases from about 6.2 ms to 4.5 ms. Therefore, the delay difference between the two connections, as observed by the UE, changes from 4.2 ms at T1 to 5.9 ms at T2. The maximum SMTC window duration is 5 subframes, and thus a statically configured window may not be able to handle the variation in propagation delays, depending on where the SAT2’s SSB is initially located time-wise in the SMTC window. 
Since RAN2 has agreed that UEs are not required to monitor for SSBs outside the configured SMTC window it makes measurements on neighbor cells challenging with current SMTC configuration options, at least for (semi-) static SMTC configurations.
Observation 1: Static SMTC window duration is insufficient to accommodate propagation delay variability between serving and neighbor cells towards a stationary UE.
Moreover, SAT1 and SAT2 are not necessarily time-synchronized in the sense that they use the same timing, are frame-synchronized and transmit their SSB at the same location in the frame, unlike neighboring cells from the same satellite, which can be easily synchronized. Therefore, configuration of SMTC and measurement gaps as part of the SSB search and overall synchronization procedure should at least also consider this case and the potential time offset between SAT1 and SAT2. 
Observation 2: Serving cell and target cell will not be necessarily time- and frame-synchronized when belonging to different satellites. The resulting time offset in SSB transmission between different cells needs to be considered as well for SMTC window and gap configuration towards the UE.
Although for the time-being RAN2 does not focus on the cases where the considered cells are non-synchronized, in a practical system it will be challenging to always operate satellites in a time-synchronized way and thus we see this scenario relevant for future deployments
4	How to address these problems
According to TS 38.331 [4] the SMTC window duration is maximum 5 subframes. A simple solution to address the issue of serving and neighbor cell propagation delay variability is therefore to extend the window. However, due to the potentially large delay difference the windows may become prohibitively large, because the UE will need to measure more often, essentially reducing the UE battery life. If UEs are not schedulable during the SMTC window (due to related measurement gaps) it will also limit the network’s scheduling flexibility and the data rates the end user can obtain.
Observation 3: extending the SMTC window duration beyond current standardized limits will increase UE energy consumption and limit network scheduling flexibility and end user data rates.
It has previously been discussed (RAN2#108, November 2019) that a UE specific SMTC configuration can be made based on UE location and satellite ephemeris. However, this requires frequent signaling of the UE location from UE to network and corresponding signaling of the updated SMTC configuration to the UE from the network. Furthermore, the recent RAN2 agreement, listed in the introduction, notes that the network may not always have such accurate location information available. 
Observation 4: Utilizing UE location to configure and update SMTC configuration frequently is not feasible.
Relying on ephemeris alone is also challenging, because the UE will not be aware of the varying feeder link delay of the neighboring cells when they belong to a different satellite than the serving satellite. 
Observation 5: A UE cannot rely on its own location and ephemeris to configure and update SMTC windows, because it will lack information on varying feeder link delay of the neighboring cells when they belong to a different satellite than the serving satellite.
Furthermore, if the SMTC configuration is also linked to a measurement gap, it is important that the network is aware of any autonomous updates made by the UE. The reason being that the network cannot successfully schedule the UE during a measurement gap.
A potential approach is therefore that the network provides an initial SMTC configuration, e.g. based on a recent UE location update and network’s knowledge about neighbor cells, to the UE. Subsequently, the UE can notify the network if it needs to change the SMTC window location in time, because of the changing propagation delay towards serving and neighbor cells.
Observation 6: UE’s adjustments of the SMTC window would still require that the network is notified about any window change to facilitate scheduling.
RAN2 has agreed that the UE shall not be forced to detect SSBs outside the measurement window. Therefore, it is important that the UE reacts to relative changes of the neighbor cell SSB location within the SMTC window, before the SSB eventually is located outside the SMTC window.
Such UE behavior can be facilitated by configuring a time threshold used to determine if the neighbor cell SSB temporal location has moved significantly within the SMTC window. If the threshold is exceeded, the UE may update the SMTC window location and/or the SMTC window duration, and afterwards notify the network about the changed SMTC configuration.
Figure 2 provides an example of how it may potentially work. Assume the UE is configured with an SMTC window for measuring a neighbor cell’s SSB. At time 1, the UE receives the SSB and detects that the SSB is further than a threshold (thr in Figure 2) from the center of the SMTC window. Therefore, the UE moves the time-wise location of the SMTC window prior to the next measurement instance. When the UE has detected the need to move the window, it will also have to notify the network about the window movement such that UE and network has the same understanding of the SMTC window’s time-wise location. At time 2 the SSB is received, by the UE, and noted to be within the threshold, i.e. no SMTC window update is needed. 
The threshold thr is defined by the network and furthermore, the network may also define how the UE can change the SMTC configuration, e.g. that shifts of the window location have to be aligned with slots/subframes. Upon a change, the UE will inform the network about the shift such that both UE and network are aware of when a certain configuration is used. 
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[bookmark: _Ref61265301]Figure 2 Example of UE autonomous tracking of neighbor cell's SSB location within SMTC window.
Proposal 1: UE can track the relative movement of neighbor cell’s SSB within the SMTC window and update the window when the time-wise movements exceeds a threshold. The UE will inform the network about such SMTC configuration updates.
In the NR NTN work item the concepts of earth-moving and earth-fixed cells are discussed. For earth-moving cells UEs spread over the cell coverage area will perform measurements and handover as the cell sweeps the Earth. In such a scenario the aforementioned approach is applicable. For earth-fixed cells the approach also applies, but since the cell switch takes place during a known time, it may also be feasible for the network to simply increase the number of transmitted SSBs (i.e. shorter SSB periodicity) from the target cell during the cell switch time. Such a procedure will increase the likelihood that a target cell SSB is received within the UE’s preconfigured SMTC window. This can potentially avoid reconfiguration of the SMTC windows for all the RRC Connected UEs within the serving cell. 
Proposal 2: For earth-fixed cell scenario, the target cell may increase the number of transmitted SSBs during the cell switch time.
5 	Clarifications based on [post113-e][108][NTN] 
The solution relying on UE updating the SMTC window based on relative movement of the neighbor cell’s SSB was discussed via email after RAN2 #113 (see option C in section 2.4.3 of [6]). The questions and concerns raised by participants are summarized and addressed in Table 2. It would be desired to consider these clarifications before taking final decision, based on [6].
[bookmark: _Ref67476897]Table 2 Feedback on email discussion about option C in section 2.4.3 of [6]..
	Question/concern
	Response

	UE adjusting SMTC window is implementation only.
	To ensure that network and UE have the same understanding about the SMTC window duration and location in time, the network will define the thresholds for triggering adjustments by the UE, and the UE will have to report what adjustments it has made to the network. Only the shifts with predefined steps would be allowed.

	Detection of SSBs from different cells may lead to different SMTC adjustments. 
	Cells which originate from the same satellite will be time-synchronized and also have same propagation delay towards the UE. It is correct that cells from different satellites would lead to potentially adjustments pointing in different directions, but in the unlikely scenario that the UE is performing neighbor cell measurements on more than one target satellite (in addition to the cells, which originate from the same satellite as the current serving cell), we suggest to configure two SMTC windows. The reason is that it is not feasible to accommodate measurements towards two satellites in one window due to different satellite movement and potential different NTN gateways.

	How to determine when an SSB is detected?
	This is a RAN4 issue. It seems reasonable to consider an SSB detected if the UE could decode it, e.g. determine the PCI.

	Network may not accept the window movement, which the UE has informed the network about.
	If the network does not accept the movement it would result in the UE not being able to continue measuring the neighbor cell. This would lead to failing mobility mechanism. Therefore, we suggest that when network defines thresholds for moving and adjusting SMTC window duration it is also committed to follow UE’s measurement. If an additional control loop is implemented, where the network has to confirm the UE’s SMTC adjustment it will increase overhead and delay UE’s ability to continue the measurement.

	If network compensates for the cell edge propagation delay the UE does not need to know about window movements
	It is not feasible to compensate for the cell edge propagation delay, since different UEs are at different points on the serving cell edge and will have to measure different target cells with different propagation delays.

	Reporting SMTC adjustment within measurement gap is not needed
	The measurement gap may also need to be changed and it could be facilitated with a similar solution. Such reporting is needed to make sure both ends (UE and the NW) are in sync.

	Adjustments shall be made deterministically with defined adjustment options and such that UE and network know which configuration is used.
	We agree. Therefore, we propose the UE applies a threshold to only make adjustments when the difference between SMTC window center and SSB exceeds the threshold. The SMTC window shift/extension can be based on network defined steps, e.g. allowing a shift of 1 slot, but with no smaller granularity.

	Network and UE must have the same understanding of the SMTC timing.
	We agree and that is why the UE has to inform the network when it makes an adjustment of the SMTC.

	The propagation delay can be larger than the SMTC window.
	Yes, this is correct and also the reason why the SMTC window needs to be moved in time, such that the it can continue to “capture” the SSBs of the target cell(s).

	Updating of the SMTC window shall be decided by the network.
	This is also a solution, but it will require that all UEs frequently update the serving cell about the SSB-SMTC time alignment or UE location, after which the network has to respond individually to each UE with a new SMTC configuration. Thus, we see it is as a simpler solution to allow the UE to adjust the SMTC configuration and then inform the network. This also lowers the signaling overhead.

	Configuration per cell of SMTC and measurement gaps is simpler
	According to our understanding this will not work well, because the serving and target cell propagation delays depend on the individual UE’s location. If it has to be generalized for an entire cell the window & gap would need to be very large, which reduces network scheduling flexibility.

	The solution is redundant if the network knows the propagation delay.
	We are not sure how the network (serving cell) will know the propagation delay towards a target cell, unless the serving cell is aware of the UE’s location and target cell’s satellite ephemeris and continuously performs UE-specific estimates of the delays. Finally, the network would also need to issue UE-specific updates of the SMTC and measurement gap configurations.

	Reporting every adjustment leads to signaling overhead
	We agree and therefore we suggest that UE only makes adjustments (and related reporting) when the time difference between SMTC window center and SSB exceeds a threshold. This will effectively reduce the signaling and control that the UE only makes stepwise shifts e.g. based on slots. 



The clarifications provided in the Table above shall resolve the doubts expressed in [6]. We kindly encourage RAN2 to check the feedback and adopt the approach described in Section 4 to enable efficient SMTC configuration handling for NTN.
Proposal 3: RAN2 is asked to consider the feedback provided in Table 2 before concluding the topic of SMTC configuration for NTN.
6	Conclusion
The following observations and proposals have been made:
Observation 1: Static SMTC window duration is insufficient to accommodate propagation delay variability between serving and neighbor cells towards a stationary UE.
Observation 2: Serving cell and target cell will not be necessarily time- and frame-synchronized when belonging to different satellites. The resulting time offset in SSB transmission between different cells needs to be considered as well for SMTC window and gap configuration towards the UE.
Observation 3: extending the SMTC window duration beyond current standardized limits will increase UE energy consumption and limit network scheduling flexibility and end user data rates.
Observation 4: Utilizing UE location to configure and update SMTC configuration frequently is not feasible.
Observation 5: A UE cannot rely on its own location and ephemeris to configure and update SMTC windows, because it will lack information on varying feeder link delay of the cells belonging to a different satellite than the satellite of the serving cell
Observation 6: UE’s adjustments of the SMTC window would still require that the network is notified about any window change to facilitate scheduling.
Proposal 1: UE can track the relative movement of neighbor cell’s SSB within the SMTC window and update the window when the time-wise movements exceeds a threshold. The UE will inform the network about such SMTC configuration updates.
Proposal 2: For earth-fixed cell scenario, the target cell may increase the number of transmitted SSBs during the cell switch time.
Proposal 3: RAN2 is asked to consider the feedback provided in Table 2 before concluding the topic of SMTC configuration for NTN.
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