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1	Introduction
In this contribution mobility measurement scenarios and potential SMTC enhancements 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 the previous RAN2 #113bis-e the following main proposals related to SMTC configuration have been agreed [7]:
	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 this contribution we primarily discuss aspects related to the FFS items listed in the table above, captured at RAN2#113bis-e [7].
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.  
Furthermore, based on the RAN2 #113e email discussion in [5] we have provided further clarifications on potential proposed solutions in [6].
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 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 1: 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.
3.1	Discussion on the FFSs
Firstly, assuming the UEs can be configured with multiple SMTCs per carrier and use these configuration all in parallel (FFS a) in the Introduction), following our example in Figure 1/Table 1,  at least two configured SMTCs would need to be provided, and these configurations should be valid at least for the time interval from T1 until T2 (potentially in the order of several seconds). However, there are several issues with this approach as discussed below.
One possible approach is to introduce multiple SMTC2-like Information Elements [TS 38.331] for the new NTN SMTC configurations. The current SMTC2 specification is limited to a pci-list and require periodicity to be shorter than normal SMTC. Therefore, current SMTC2 should be significantly modified (i.e. the restrictions would have to be removed) to allow its use for the same cell as the normal SMTC is used for.
Observation 2: The restriction of SMTC2 on shorter periodicity than SMTC or the use for particular cells only, need to be removed for NTN, if SMTC2-like approach is adopted.
A time validity information needs to be associated with the multiple SMTC configurations. The different SMTC configurations might even need to have different validity time, depending on the satellite orbits and feeder link delay variations.
Proposal 1: RAN2 is asked to discuss the need of validity time for particular SMTC configurations. If validity time is not pursued, other means to restrict the use of certain SMTC configuration shall be pursued.
For baseline inter-satellite cell measurement purposes, two different SMTC configurations might seem to be sufficient. Nevertheless, the NTN SMTC enhancements should support also more complex scenarios, e.g. for cases where ‘blanket’ coverage is provided by several satellites from different orbits.
Proposal 2: Discuss what is the maximum number of different SMTC configurations needed for NTN, considering the deployment scenarios (e.g. LEO/GEO, number of satellites, orbits, etc.).
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 an 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 3: Broadcast signalling is not a viable solution for providing multiple SMTC configurations for NTN. 
Proposal 3: RAN2 is asked to study the signalling overhead resulting from the introduction of multiple SMTCs per carrier/cell in NTN systems. In particular the required periodicity of updating the SMTC and what additional parameters it shall contain, compared to the legacy, needs to be checked. 
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, 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).
Proposal 4: RAN2 is asked to study how to incorporate the feeder link delay component in setting the SMTC for neighbouring cells/satellites.
4	Conclusion
The following observations and proposals have been made:
Observation 1: 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 2: The restriction of SMTC2 on shorter periodicity than SMTC or the use for particular cells only, need to be removed for NTN, if SMTC2-like approach is adopted.
Proposal 1: RAN2 is asked to discuss the need of validity time for particular SMTC configurations. If validity time is not pursued, other means to restrict the use of certain SMTC configuration shall be pursued.
Proposal 2: Discuss what is the maximum number of different SMTC configurations needed for NTN, considering the deployment scenarios (e.g. LEO/GEO, number of satellites, orbits, etc.).
Observation 3: Broadcast signalling is not a viable solution for providing multiple SMTC configurations for NTN. 
Proposal 3: RAN2 is asked to study the signalling overhead resulting from the introduction of multiple SMTCs per carrier/cell in NTN systems. In particular the required periodicity of updating the SMTC and what additional parameters it shall contain, compared to the legacy, needs to be checked. 
Proposal 4: RAN2 is asked to study how to incorporate the feeder link delay component in setting the SMTC for neighbouring cells/satellites.

References
[1] [bookmark: _Ref59022218]Thales, “Solutions for NR to support non-terrestrial networks (NTN)”, RP-202908
[2] [bookmark: _Ref59025640]3GPP, “Solutions for NR to support non-terrestrial networks”, TR 38.821 
[3] [bookmark: _Ref59089868]3GPP, “Requirements for support of radio resource management”, TS 38.133 
[4] [bookmark: _Ref59089877]3GPP, “Radio Resource Control (RRC) protocol specification”, TS 38.331 
[5] [bookmark: _Ref67476784]Intel, “Report of [post113-e][108][NTN] SMTC and measurement gap”, R2-2102866; with second round updates in R2-2104365, and third round updates in R2-2104372
[6] [bookmark: _Ref71193948]Nokia, Nokia Shanghai Bell, “Post-[108][NTN] views on SMTC and measurement gaps”, R2-2103336
[7] Report from Break-out session on R17 NTN and REDCAP, R2-2104302




image1.png
4 .
Satellites’ <

~—
direction of '\q?mrug(t) . \\\\:

movement dopro-uelt) >

7 dsarrgwa(t) ¥ dsaro-cwa(t)

%
N : . BN
NTN-GW1 D UE NTN-GW2





