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1. Introduction 
In this document, we provide further details on SMTC validity duration, association of SMTC to satellites and use of multiple measurement gaps that are not covered by the offline discussion [Pre117-e][NTN][101] RRC open issues.
2. Discussion 

2.1 SMTC validity
Following the RAN2 response to question asked by RAN4 on SMTC validity [1].

(Q5) Whether and how would a valid time information of SMTC be defined?
RAN2 answer: RAN2 has not decided on whether validity timer for SMTC configuration is defined. RAN2 will further provide update, if needed.
The differential delays between moving satellites keep changing over time. If a UE is configured with multiple SMTC configurations at time t1, when the UE starts measurement at time t2, the SMTC windows may need to be adjusted accordingly. The differential delay within a satellite cell depends on the beam angular width, for example it could be 0.7ms for 6-degree beam width, 1200 km orbit and with minimum of 30-degree elevation angle. Therefore, network should be able to determine how long the provided SMTC configuration can be used with a given uncertainty and after that time duration, network can update the configuration as previously agreed.
It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.

However, providing update frequently by the network may incur large signaling overhead. If the UE has reported its UE location or neighbor cell differential delay as assistance information, the network may be able to accurately configure the SMTC and also determine how long this SMTC will be valid for the neighbor cell.

Now question is whether the network keeps it to itself and provides SMTC update via RRC signaling when needed. Instead, the network could also configure multiple SMTCs for the cell and set a validity duration for each SMTC. The benefit is that the UE knows how long this SMTC can be used saving power from unnecessary SSB search as network may not be able to successfully provide the update in time. The network could also provide the SMTCs that will be valid at different time instances.
Proposal 1 Network can provide validity duration for SMTC configuration.
2.2 Association of satellite to SMTC
Following the RAN2 response to question asked by RAN4 on SMTC validity [1].

(Q1) Would there be any association information between SMTC and Cell/SSB-IDs and/or Satellite?
RAN2 answer: The association between SMTC and satellite is left to network implementation. The association between SMTC and the Cell will be signalled in newly introduced SMTC list (SSB-MTC4List-r17). For each SMTC, this list includes a list of cells that are following the signalled offset in SSB-MTC4List-r17. Existing SSB-MTC is still the baseline SMTC configuration.

RAN2 has not made any decision on whether to provide a list of cells the satellite is serving in the system information. RAN2 will further provide update, if needed.
A SMTC can be associated with a satellite. For example, if there are multiple satellites operating in the same frequency, the network may configure multiple SMTCs for each satellite in the same measurement object. However, the UE would not be aware which SMTC belongs to which satellite. The problem with this is that the UE will have to track each SMTC as timing offset may change over time differently for different satellite. This may lead to more UE power consumption on time tracking of the SSBs, especially when the SMTCs belong to satellites in different orbits.
It is possible that neighbor satellite ephemeris may be broadcast in SIB or provided to UE via RRC configuration for UE to help calculate the differential delay or measurement. Therefore, it is beneficial if network can indicate the association of satellite (e.g., satellite ID or index) to the configure SMTC given the satellite information was provided to UE via SIB or RRC message.

The other simple approach is that a list of cells the satellite is serving is also broadcast in the system information. From the frequency and cell ID, the UE can also associate the SMTC to the satellite.

However, we think the simple approach is to let the UE know the type of RAT the UE needs to measure, for example, whether the SMTC configuration is (1) for stationary cell measurement, e.g., GEO or TN cell, (2) for a cell belonging to a serving satellite, or (3) for a cell belonging to a different NGSO satellite than serving one
Proposal 2 If neighbor satellite ephemeris is provided to UE via SIB or RRC, provide association of the ephemeris to the SMTC configuration(s).

Proposal 3 Indicate whether the SMTC configuration for a measurement object belongs to (1) GEO cell /TN cell or (2) different NGSO satellite than serving satellite. Absence of the indication means SMTC configuration belongs to the serving satellite.

2.3 Measurement gap enhancement
Current maximum MG length that can be configured is 6ms. As RAN4 specs allow 1ms for the UE to enter and exit the measurement gap, only 5ms is available for SSB search. If the UE needs to perform measurement of multiple satellites (e.g., satellites at 600km and 1200km), the current MG length is not enough.
As extending MG length increases the interruption, multiple MGs can be introduced and configured properly. As shown in figure 1, MG with larger MG repetition period can be configured but with different gap offset to accommodate multiple SSBs from different satellites. In addition, it should be possible to configure MG length (e.g., 3ms) without SMTC configuration in which case the UE searches the SSB during whole MG length.
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Figure 1 An example of multiple MG configurations
It is up to UE implementation how it performs the measurements for the frequencies/cells by using the given measurement gap pattern and SMTC configurations, any change in the gap pattern and SMTC configuration impacts this procedure and RRM requirements. As part of measurement gap enhancement work item, it is agreed to introduce multiple measurement gaps in NR. Therefore, RAN4 can define how to use multiple measurement gaps for NTN purposes and whether multiple MGs can be used in parallel, or activation/deactivation mechanism is supported.
Proposal 4 Leave it to RAN4 how to define the use of multiple measurement gaps.

3. Conclusion

Following proposals are made.
Proposal 1
Network can provide validity duration for SMTC configuration.
Proposal 2
If neighbor satellite ephemeris is provided to UE via SIB or RRC, provide association of the ephemeris to the SMTC configuration(s).
Proposal 3
Indicate whether the SMTC configuration for a measurement object belongs to (1) GEO cell /TN cell or (2) different NGSO satellite than serving satellite. Absence of the indication means SMTC configuration belongs to the serving satellite.
Proposal 4
Leave it to RAN4 how to define the use of multiple measurement gaps.
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