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1 Introduction
In this contribution, we would like to discuss SSB measurement with considering the impact of propagation delay difference between serving satellite and neighbour satellite in NTN.
2 Discussion
In NR, SMTC is used to configure a SSB measurement window and UE could measure SSB in this window based on the serving cell timing. The maximum length of SMTC window is 5ms and it’s enough for UEs to monitor neighbouring cells’ SSB successfully because the propagation delay difference between serving gNB and neighbouring gNB is very small in terrestrial network [1]. However, it may be an issue in NTN.

We analyse SSB measurement issue in NTN considering both transparent payloads scenario (Fig. 1) and regenerative scenario (Fig. 2). In the two figures, S1 and S2 are seen as the serving satellite and one of neighbour satellites, respectively. The one-way service link of the service cell is GS1U (from gateway to gNB1 and then to UE), with the length of L1, and the one-way service link of the neighbour cell is GS2U (from gateway to gNB2 and then to UE), with the length of L2. 
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Figure 1 transparent payloads scenario                Figure 2 regenerative payloads scenario

As for regenerative payloads scenario (Figure 2), the service link difference between L1 and L2 may not bigger than in transparent scenario, but the propagation delay difference still cannot be ignored. 

Since a satellite cell may be quite large, the propagation delay difference of service link in one cell could be several milliseconds, up to 10.3ms between UEs in the centre of the cell and UEs at the edge of the cell in GEO [2]. By this, we could observe that the link difference between serving satellite and neighbouring satellite may be exceed 10ms. 
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Figure 3 Time sequence diagram from satellite side and UE side

In Figure 3, take regenerative payloads scenario as an example, we assume that the timing of gNB1 is aligned to gNB2. After distance of L1, the downlink signal of gNB1 reached UE with a propagation delay of Tp1. After distance of L2, the downlink signal of gNB2 reached UE with a propagation delay of Tp2. If measurement is setup base on S1 timing according to SMTC configuration from serving satellite, under the impact of the propagation delay difference UE may cannot receive SSB of cells in neighbouring satellite successfully.

Observation 1: UE may cannot receive SSB of cells in neighbouring satellite successfully according to SMTC configuration from serving satellite.

For connected mode UEs in NTN system, UE-specific SMTC configuration is transmitted by the network through dedicated RRC signalling [1]. Therefore, the configuration could be done by the network considering the propagation delay between different service links, with the location information of UEs and neighbour satellites, to ensure the reference signal of the neighbour cells covered by the measurement window. 

Observation 2: For connected mode UEs, the network could configure UE-specific SMTC to UE based on UE's location and satellite ephemeris, thus the current SMTC configuration may work even the service link differences between the serving cell and neighbouring cell is very large.

As time goes by, due to the changing of the location of UEs and satellites, the propagation delay would not be the same as before. Since the measurement window configured according to the SMTC is not change along with the moving of satellites or UEs, UE may still unable to search for the reference signal of the neighbour cells in the measurement window.
Observation 3: The SMTC configuration is not changed along with the moving of satellites or UEs. As time goes by, UE may fail searching for the reference signal of the neighbouring cells.

That issue may be more serious especially in GEO with airplane UE or LEO with fixed beams. Since UE may fail searching for the reference signal of the neighbour cell due to the change of the relative location of UE and satellites, the SMTC configuration may need update according to the change of the propagation length. Additionally, When UE couldn't monitor SSB according SMTC configuration, the network could be notified by the UE to update SMTC configuration if needed.

Proposal 1: With the moving of UEs and satellites, the SMTC configuration need to be updated for connected UE.

For idle/inactive mode UEs, frequency-specific SMTC configuration is transmitted by the network through system information. Since a satellite cell may be quite large, propagation delay would be different for UEs in different location. Therefore, the adjustment should be done by idle/inactive UEs themselves.  UE could calculate the propagation delay difference (which is shown in Figure3 as Tp) with its own location information and satellite ephemeris and compensate the SMTC configuration, which make the measurement window delay byTp to capture the reference signal from neighbouring cell. Proposal 2: Idle/inactive mode UE could adjust SMTC configuration based on its location and satellite ephemeris.

Proposal 3: RAN2 is kindly asked to agree the draft TP.
3 Conclusion
According to the analysis in section 2, we propose:
Observation 1: For Idle/inactive mode UEs, the current SMTC configuration may not work when the service link differences between the serving cell and neighbour cell is too large.

Proposal 1: Idle/inactive mode UE could adjust SMTC configuration based on its location and satellite ephemeris.

Observation 2: For connected mode UEs, the network could configure UE-specific SMTC to UE based on UE's location and satellite ephemeris, thus the current SMTC configuration may work even the service link differences between the serving cell and neighbour cell is very large.

Observation 3: The SMTC configuration is not changed along with the moving of satellites or UEs. As time goes by, UE may fail searching for the reference signal of the neighbour cells.

Proposal 2: With the moving of UEs and satellites, the SMTC configuration need to be updated for connected UE.

Proposal 3: RAN2 is kindly asked to agree the draft TP.
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SMTC adaption
In NR, SMTC is used to configure a SSB measurement window and UE could measure SSB in this window based on the serving cell timing. The maximum length of SMTC window is 5ms and it’s enough for UEs to monitor neighbouring cells’ SSB successfully because the propagation delay difference between serving gNB and neighbouring gNB is very small in terrestrial network [1]. However, it may be an issue in NTN.

We analyse SSB measurement issue in NTN considering both transparent payloads scenario (Fig. 1) and regenerative scenario (Fig. 2). In the two figures, S1 and S2 are seen as the serving satellite and one of neighbour satellites, respectively. The one-way service link of the service cell is GS1U (from gateway to gNB1 and then to UE), with the length of L1, and the one-way service link of the neighbour cell is GS2U (from gateway to gNB2 and then to UE), with the length of L2. 
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Figure 1 transparent payloads scenario                Figure 2 regenerative payloads scenario

As for regenerative payloads scenario (Figure 2), the service link difference between L1 and L2 may not bigger than in transparent scenario, but the propagation delay difference still cannot be ignored. 

Since a satellite cell may be quite large, the propagation delay difference of service link in one cell could be several milliseconds, up to 10.3ms between UEs in the centre of the cell and UEs at the edge of the cell in GEO [2]. By this, we could observe that the link difference between serving satellite and neighbouring satellite may be exceed 10ms. 
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Figure 3 Time sequence diagram from satellite side and UE side

In Figure 3, take regenerative payloads scenario as an example, we assume that the timing of gNB1 is aligned to gNB2. After distance of L1, the downlink signal of gNB1 reached UE with a propagation delay of Tp1. After distance of L2, the downlink signal of gNB2 reached UE with a propagation delay of Tp2. If measurement is setup base on S1 timing according to SMTC configuration from serving satellite, under the impact of the propagation delay difference UE may cannot receive SSB of cells in neighbouring satellite successfully.

For connected mode UEs in NTN system, UE-specific SMTC configuration is transmitted by the network through dedicated RRC signalling [1]. Therefore, the configuration could be done by the network considering the propagation delay between different service links, with the location information of UEs and neighbour satellites, to ensure the reference signal of the neighbour cells covered by the measurement window. 

As time goes by, due to the changing of the location of UEs and satellites, the propagation delay would not be the same as before. Since the measurement window configured according to the SMTC is not change along with the moving of satellites or UEs, UE may still unable to search for the reference signal of the neighbour cells in the measurement window.
That issue may be more serious especially in GEO with airplane UE or LEO with fixed beams. Since UE may fail searching for the reference signal of the neighbour cell due to the change of the relative location of UE and satellites, the SMTC configuration may need update according to the change of the propagation length. Additionally, When UE couldn't monitor SSB according SMTC configuration, the network could be notified by the UE to update SMTC configuration if needed.

For idle/inactive mode UEs, frequency-specific SMTC configuration is transmitted by the network through system information. Since a satellite cell may be quite large, propagation delay would be different for UEs in different location. Therefore, the adjustment should be done by idle/inactive UEs themselves.  UE could calculate the propagation delay difference (which is shown in Figure3 as Tp) with its own location information and satellite ephemeris and compensate the SMTC configuration, which make the measurement window delay byTp to capture the reference signal from neighbouring cell.
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