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Introduction
In this contribution, we discuss enhancements for SMTC window and measurement gap for NTN cell based on RAN2’s agreements and discussion so far.
1. For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap onfiguration) 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.

Discussion
The measurement window, i.e. SMTC and measurement gap, is configured based on the timing of PCell. Since NTN cells on the same frequency, that have different orbit, can have different propagation delay, the SSB burst of neighbour NTN cell may be invisible within the measurement window configured based on the timing of PCell. In order for SSB bursts transmitted with different propagation delay to appear within different measurement window, separate measurement window with different timing should be configured for cells having different propagation delays.
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Figure 1
Proposal 1
Different timing of SMTC window can be configured per NTN cell/cell group. 
For inter-frequency measurement, the configured SMTC window should be contained within the configured measurement gap. However, if SMTC and measurement gap are enhanced in different way, it may not ensure that the enhanced SMTC window and the enhanced measurement gap are overlapped. To avoid this, SMTC and measurement gap should be enhanced in the same way.
Proposal 2
Different timing of measurement gap can be configured per NTN cell/cell group. 

If the proposal 1 is accepted by RAN2, we can further discuss how to provide different timing of measurement window for different cells on the same frequency. periodicityAndOffset that is used to derive the timing of the SMTC window can be configured up to 2 in the current MeasObjectNR. Considering the signalling structure of the SMTC in TS38.331, following three options can be considered:
· Option 1: Configuring different measurement objects for cells requiring different measurement timing.
· Option 2: Configuring different smtc1 (i.e. SSB-MTC) for cells requiring different measurement timing in the same measurement object.

· Option 3: Configuring different periodicityAndOffset for cells requiring different measurement timing in the same smtc1.
Since the offset value is the only parameter that needs to be differently configured to cover SSB bursts transmitted with different propagation delay, option 3 is the most efficient way to minimize the redundant signalling. Therefore, we propose to adopt option 3 to support multiple timings of SMTC window for cells having different propagation delay on the same frequency.
Proposal 3
Multiple periodicityAndOffset can be configured in a smtc1. The maximum number of configurable periodicityAndOffset is FFS.
In the same vein, it is also propose that multiple gapOffset can be configured in a GapConfig.
Proposal 4
Multiple gapOffset can be configured in a GapConfig. The maximum number of configurable gapOffset is FFS.

If the difference of the measurement timing of cell A and B is 2ms form an UE perspective and the length of the SMTC window is 5ms, then the SMTC windows configured for cell A and B will be partially overlapped as shown below.
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Figure 2
Then, the overlapping two windows can be used as a single long measurement window with 7ms length for SSB measurements. Therefore, whichever option is adopted by RAN2 to support multiple window timing, the window length doesn’t need to be extended.

Observation 1
long measurement window can be implemented by overlapping multiple measurement windows.
Proposal 5
Do not extend the length of the SMTC window.
Proposal 6
Do not extend the length of the measurement gap.
Though different measurement timing can be configured per cell/cell group, if network doesn’t know the propagation delay, it cannot configure the proper measurement timing to the UE. For neighbour NTN cells, the network is able to know the real-time location of the cells based on the ephemeris information. Therefore, we can assume that network can estimate the propagation delay between neighbour NTN cell and UE based on ephemeris information and the location of the UE.
Proposal 7
RAN2 assume that network can estimate the propagation delay between neighbour NTN cell and UE based on ephemeris information and the location of the UE.
However, there would be an error in the propagation delay calculated by network. When the propagation delay of an NTN cell is about 500ms, the miscalculation with 1% error (=5ms) will make the SSB burst entirely invisible within the configured measurement window. 
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Figure 3 Measurement failure due to configuration error
Even though the measurement window is precisely configured without any errors, the propagation delay can change dynamically according to the movement of UE or satellite. Therefore, it would be almost impossible that the network updates the accurate measurement window according to the continually changing propagation delay for all UEs.
If the inaccuracy needs to be considered for the measurement window configuration, UE should be able to determine whether the neighbour NTN cell is properly measured within the configured measurement window, and it should inform gNB of the measurement failure along with the information required to reconfigure the proper measurement window when the measurement failure is detected so that the gNB can update the measurement window for the UE.
Proposal 8
UE should be able to determine whether the neighbour NTN cell is properly measured within the configured measurement window.
Proposal 9
The SFTD measurement can be used when the propagation delay estimated by network is not accurate.
Conclusion
Proposal 1
Different timing of SMTC window can be configured per NTN cell/cell group. 
Proposal 2
Different timing of measurement gap can be configured per NTN cell/cell group. 

Proposal 3
Multiple periodicityAndOffset can be configured in a smtc1. The maximum number of configurable periodicityAndOffset is FFS.

Proposal 4
Multiple gapOffset can be configured in a GapConfig. The maximum number of configurable gapOffset is FFS.

Proposal 5
Do not extend the length of the SMTC window.
Proposal 6
Do not extend the length of the measurement gap.
Proposal 7
RAN2 assume that network can estimate the propagation delay between neighbour NTN cell and UE based on ephemeris information and the location of the UE.
Proposal 8
UE should be able to determine whether the neighbour NTN cell is properly measured within the configured measurement window.
Proposal 9
The SFTD measurement can be used when the propagation delay estimated by network is not accurate.[image: image4.png]
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