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1	Introduction
In this contribution mobility measurement scenarios and SMTC issues are discussed. Thus, the RAN2 group is tasked to determine if enhancements to measurement configurations are required to handle the absolute propagation delay difference between satellites [1]. In one of the previous meetings (RAN2 #113bis-e) the following main aspects related to SMTC configuration have been agreed [7]:
	[bookmark: _Hlk85102863]1.	For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap configuration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).
2.	Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.
3.	Enhancements of the SMTC configuration is supported for Rel-17 NTN.
4.	Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap
Agreements - via email (from offline [106])
1.	For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
-	The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
-	The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
FFS the following open questions: 
	(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
	(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
	(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
	(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
	(e) What about the feeder link delay? Is it considered anywhere?
2.	The configuration of one or multiple offsets is left up to the network implementation.
3.	It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.



The topic was not discussed whatsoever at RAN2#114 (May 2021). 
In RAN2#115 the following was agreed [8]:
	Offline 112
1.	The specific maximum number of SMTC configuration in one measurement object with the same ssbFrequency can be 4. And a LS will be sent to RAN4 to confirm the conclusion.
2.	In NTN, NW-based solution is supported, i.e. the final SMTC/measurement gap configuration is generated and provided by NW in NTN to a given UE (based on the propagation delay difference between at least one target cell and the serving cell of a given UE). FFS whether UE-based solution is supported or not.
3.	In NTN, it is necessary of the UE to report assistant information to the NW (which can be configured by NW or upon NW’s request) to assist NW calculating the offset for SMTC/GAP configurations. FFS the detailed information.
Agreements:
1.	The UE can be configured with multiple SMTCs per carrier. FFS if the UE can use only a partial set or all of them in parallel, and in case FFS whether based on network configuration or UE implementation



In this contribution we primarily discuss aspects related to the FFS items listed in the table above.
2	Background on SMTC and measurement gaps
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. 
Depending on the UE capability the UE may require measurement gaps to identify and measure target/neighbour cells [3]. In NR NTN it is assumed that the UE can use its location and satellite ephemeris for pre-compensation, e.g. to handle the potential large Doppler shift. If a UE is served by a cell provided by one satellite but has to measure a target/neighbour cell on a different satellite, the UE will have to adjust the Doppler compensation. Therefore, one requirement may be that SMTC configurations for inter-satellite measurements always need to have measurement gaps configured.
Observation 1: In NTN the UE may require measurement gaps to perform inter-satellite measurements.
Currently, the maximum measurement gap length is 6 ms and one question is whether a UE with the longest SMTC window (i.e., SMTC duration of 5 subframes) can perform adjustment of Doppler compensation from serving cell to target/neighbour cell and back to the serving cell.
Observation 2: In NTN it may be challenging for a UE to utilize the longest SMTC window within a measurement gap.
Furthermore, it is worth noting that the UE is not required to receive and transmit from/to the serving cell during the measurement gap, except for RRM-related measurements- and random access-related signals. If the network configures and activates all 4 SMTC windows, according to the recent RAN2 #115 agreement, with measurement gaps this would result in severe scheduling restrictions.
Observation 3: If four SMTC windows with corresponding measurement gaps are utilized, the scheduling will be severely restricted.
3 	Neighbour measurements and synchronization in 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 neighboring 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).
[image: ]
[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 RAN2 agreements 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.
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 4: Serving cell and target cell might 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.
The fact that neighboring cells are not necessarily time-synchronized also puts challenges to initial access and handover procedures. Naturally, any initial access procedure towards a potential (first) cell may fail; in that case, the UE typically starts initial access towards another (second) target cell by trying to detect and decode another PSS/SSS pair. However, during its attempt towards the first cell, the UE may have already detected and decoded one or more SSBs from that first cell, which have provided to the UE information on the time reference used by the first cell. In general, a UE has synchronization information not only about its serving cell but may also have prior time and/or frequency synchronization information from an earlier cell attempt. As of now, it is not known to the UE whether it can make use of the serving cell timing or timing obtained through SSB decoding from an earlier cell when it attempts to access a new target cell. Such type of information would make the initial access/handover to that new cell more efficient for the UE as it does not need to make a full time/frequency search for the SSB where PSS/SSS are included. Knowing where the SSB is transmitted in time and frequency, can prevent the UE from searching within the full reception bandwidth.
Observation 5: A UE can benefit by having acquired time and frequency synchronization information about neighbouring cells through the serving cell, when trying to access a target cell.
If the earlier cell was transmitted from the same satellite, it will be synchronized, whereas cells from other satellites typically are not synchronized. The exact information on neighbouring cell synchronization information is not available to the UEs. Moreover, the mapping between physical Cell ID and satellite or beam of a satellite is not fixed, which implies that by only knowing the satellite or satellite beam through e.g., satellite ephemeris, does not provide information on the synchronization status of neighbouring cells.
Knowledge of whether neighbouring cells are synchronised, i.e. on the same satellite, knowledge about the time/frequency offset in SSB compared to the serving/earlier cell as well as the physical Cell ID is beneficial for the UE, whether it is due to a failed initial access or for mobility purposes.
Proposal 1: RAN2 to discuss whether time/frequency synchronization information about the neighbouring cells should be provided by the serving cell to assist UEs to access a target neighboring cell.
3.1 Regarding UE-based SMTC solution
The RAN2 #115 agreements include an FFS on whether a UE-based solution for SMTC/measurement gap configuration is supported or not. As previously discussed in [6] we consider such a solution useful. A network-side only solution requires potentially many SMTC windows (with corresponding measurement gaps) with potentially frequent adjustments and RRC reconfigurations, while a stand-alone UE solution is challenging, because the UE will lack information about the varying feeder link delay of the target cell, if it is on a different satellite than the satellite of the serving cell. Furthermore, if the SMTC window also requires a measurement gap it is important that the network is aware of the gap placement, such that proper scheduling can be made.
Observation 6: NW-based SMTC solution is not flexible, may require frequent reconfigurations and measurement gap per each SMTC configuration.
The UE-based solution, which we proposed in [6] enables the UE to perform tracking of how the target cell SSB drifts within the network-configured SMTC window. If the drift exceeds a certain threshold the UE can shift the window. If the adjusted window extends beyond the measurement gap the UE should inform the network about it to ensure network and UE have the same understanding of the location of SMTC window and measurement gap. 
[image: ]
[bookmark: _Ref61265301]Figure 2 Example of UE autonomous tracking of neighbor cell's SSB location within SMTC window.
Proposal 2: UE can track the relative movement of neighbor cell’s SSB within the SMTC window and update the window/measurement gap when the time-wise movements exceed a threshold. The UE will inform the network about such SMTC/measurement gap configuration updates.
3.2 Regarding UE assistance information for NW-based SMTC/measurement gap
The RAN2 #115 agreements include an FFS on what assistance information the UE can provide to the NW to assist the NW in calculating the proper configuration of SMTC window/measurement gaps. 
One potential approach is that the UE reports its location, as is also discussed for other purposes in RAN2. Furthermore, the network would need to be aware of the target cell ephemeris and feeder link delay, such that the delay from the target cell to the UE can be estimated. Since the satellite of the target cell will be constantly moving the network would need to issue (frequent) UE-specific updates of the SMTC window/measurement gap to ensure the target cell SSBs is received within the SMTC window. Therefore, the UE-based approach of autonomous tracking of target cell SSBs, discussed in the previous section, may be simpler.
Observation 7: UE can report its location to assist network with SMTC window/measurement gap configuration, but efficient estimation of propagation delay also requires additional knowledge about target cell ephemeris and feeder link delay.
3.3 Network assistance for RRM measurements
As discussed in section 2, the UE can perform pre-compensation when measuring a target cell. Such pre-compensation would rely on satellite ephemeris, which the UE can receive through system information. However, the UE would need to perform the pre-compensation prior to receiving the system information resulting in a chicken-and-egg problem. 
The multiple SMTC configurations would need to be updated as UE-specific signaling, and the number of updates depends also on the UE location relative to the footprint of the corresponding satellite-cells targeted. Considering the need for additional information such as validity time for each SMTC configuration, the signaling overhead needs to be carefully considered. In our understanding, providing such SMTC configurations in broadcast signaling (e.g. in NTN-specific SIB) is not a viable option, as it is not justified to assume the same configuration would apply to the entire cell’s coverage. Moreover, in the current specification SMTC is a part of UE-specific measurement configuration and such principle preferably shall be followed.
Observation 8: Broadcast signalling is not a viable solution for providing multiple SMTC configurations for NTN. 
Regarding the ephemeris, one potential approach, which has also been discussed in RAN2 , is that the serving cell provides ephemeris for the target cell(s). However, if the UE is expected to measure more than one target cell it may involve a significant signaling overhead for the serving cell to provide multiple ephemeris sets.
Observation 9: Providing network assistance information in terms of target cell ephemeris may lead to high signaling overhead.
It could be considered that the serving cell can indicate whether the target cell is an intra-satellite neighbor, an inter-satellite neighbor on the same orbit, or an inter-satellite neighbor on a different orbit.
In the first case (intra-satellite neighbor), the UE can simply reuse the ephemeris of the serving cell and in principle the current pre-compensation will be valid.
For the second case (inter-satellite neighbor on the same orbit), the network could inform the UE to reuse the ephemeris, but offset it in time or otherwise modify it such that it corresponds to the location of the target satellite. This would also involve less signaling overhead than sharing full target satellite ephemeris.
For the last case, the UE would need to receive the ephemeris of the inter-satellite neighbors being on a different orbit.
Proposal 2: Serving cell ephemeris is used as a reference for deriving the target cell ephemeris, e.g. by reusing it directly or applying an individual offset. 
3.4	Feeder Link delay component
SMTCs for different neighbour cells need to consider not only the service link delay, but also a component related to feeder link (FL). This aspect has been neglected at RAN2#113bis as well as at the subsequent meetings, while in our understanding it may play an important role in setting appropriate parameters within SMTC (as shown in Figure 1 and Table 1 above). Thus, we kindly ask the companies to either consider it at RAN2#116 or formally agree the FL-related delay component is not addressed in NTN Rel-17 
Proposal 3: RAN2 is asked to study how to incorporate the feeder link delay component in setting the SMTC for neighbouring cells/satellites. If this is not addressed the delay compensation in NTN Rel-17 may be inaccurate.
4	Conclusion
The following observations and proposals have been made:
Observation 1: In NTN the UE may require measurement gaps to perform inter-satellite measurements.
Observation 2: In NTN it may be challenging for a UE to utilize the longest SMTC window within a measurement gap.
Observation 3: If four SMTC windows with corresponding measurement gaps are utilized, the scheduling will be severely restricted.
Observation 4: Serving cell and target cell might 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 5: A UE can benefit by having acquired time and frequency synchronization information about neighbouring cells through the serving cell, when trying to access a target cell.
Proposal 1: RAN2 to discuss whether time/frequency synchronization information about the neighbouring cells should be provided by the serving cell to assist UEs to access a target neighboring cell.
Observation 6: NW-based SMTC solution is not flexible, may require frequent reconfigurations and measurement gap per each SMTC configuration.
Proposal 2: UE can track the relative movement of neighbor cell’s SSB within the SMTC window and update the window/measurement gap when the time-wise movements exceed a threshold. The UE will inform the network about such SMTC/measurement gap configuration updates.
Observation 7: UE can report its location to assist network with SMTC window/measurement gap configuration, but efficient estimation of propagation delay also requires additional knowledge about target cell ephemeris and feeder link delay.
Observation 8: Broadcast signalling is not a viable solution for providing multiple SMTC configurations for NTN. 
Observation 9: Providing network assistance information in terms of target cell ephemeris may lead to high signaling overhead.
Proposal 2: Serving cell ephemeris is used as a reference for deriving the target cell ephemeris, e.g. by reusing it directly or applying an individual offset. 
Proposal 3: RAN2 is asked to study how to incorporate the feeder link delay component in setting the SMTC for neighbouring cells/satellites. If this is not addressed the delay compensation in NTN Rel-17 may be inaccurate.
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