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1. Introduction 
The impact of propagation delay difference on measurements was identified during study item phase that if the SMTC measurement gap configuration does not consider the propagation delay difference, the UE may miss the SSB/CSI-RS measurement window and will thus be unable to perform measurements on the configured reference signals.
This issue has also been discussed in the RAN2#113e meeting and following agreements were made.
Agreements:

1. RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN. 
2. SMTC and gap configuration in NTN are configured based on the timing of PCell

3. RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.

4. RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN

5. UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN

In this document, we provide further details on the need for measurement gap enhancement and solutions.
2. Discussion 

2.1 Measurement gap configuration
In NTN, UE experiences different propagation delays between serving cell and neighbor cells. The SMTC configuration and SSB receiving window can be different for different cells, for example between cells of satellites at different altitudes as shown in Figure 1. UE can be configured with only one measurement gap and maximum length of the measurement gap is 6ms. Therefore, for inter-frequency or even intra-frequency neighbor cells, configured measurement gap may not work and UE may miss the SSB of the neighbor cell for RRM measurements as shown in Figure. 2.

[image: image1.emf]UE1

SAT A

SAT B

600km

1200km

6.445ms

10.445ms


Figure 1 Different SSB arrival delays from satellites.
Following is the way forward captured in TR 38.821.

The network can compensate for propagation delay differences in the UE measurement window, e.g. via system information, or in a UE specific manner via dedicated signalling. Other solutions to this issue are not precluded.
Some options that are being discussed are 

Option#1: Multiple measurement gap configurations

Option#2: Extending the measurement window length

Option#3: UE compensated measurements
Option#4: Network compensated configuration
Option#5: Periodic adjustment of measurement gap

In case neighbour satellites are moving, their SMTC measurement windows will also be moving. Multiple measurement gaps (Option#1) and extending measurement gap length (Option#2) will require more work in other working group(s), e.g., RAN4 as well as cause more interruptions for UE.

Observation 1. Extending measurement gap length or having multiple measurement gaps results in more interruption in UL/DL transmissions.

In UE compensated measurements (Option#3), UE will in real time derive the adjustment to measurement gaps required to measure the SSB of the neighbour cells. UE would need to store neighbour satellite information and beam information. This would require network also derive the real time adjustment of the measurement window for any UL/DL scheduling purpose. However, due to inaccuracy/error, UE and network may not be synchronized on UE’s measurement state. Based on following agreement, this option can be excluded.
UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN

Observation 2. Updating the measurement window in real time by UE and network may bring UE and network out of sync on UE’s measurement time window.
In network compensated configuration (Option#4) as also recommended during SI phase, network will consider UE’s location as well as differential delays between the neighbour cells. In measurement gap configuration, it is also possible to configure the measurement gap timing advance (MGTA). However, in NTN, larger values of MGTA can be considered. Since this is completely under the control of network configuration, it is possible to align the measurement gap with timing advance and SMTC configuration. In case of moving cell, regular adjustment to the measurement window can also be considered based on need.
Observation 3. Network can compensate the measurement window configuration considering the UE and neighbour cells differential delays.

In Option#4, it is possible that network also provides the measurement window compensation dynamically in a UE specific way in case network determines that current measurement window would not work for some neighbour cells. Network may simply provide updated value of MGTA. Though it is possible to provide the assistance information in SIB, it is not preferred as UE should not be required to acquire the SIB for this purpose. 
Instead of providing the update by network when needed as in Option#4, simply a periodic adjustment of measurement gap as in Option#5 can be configured. For example, a time period is defined where no MGTA is applied (e.g., for measurement in LEO) and the other time period is defined where MGTA is applied (e.g., for measurement in GEO or TN) as shown in Figure 2. This reduces the signalling required for updating the measurement gap.
Proposal 1 Define periods where MGTA is adjusted to measure different RATs associated with LEO, GEO or TN.
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Figure 2 Issue of differential propagation delays in SMTC and measurement gap configuration

2.2 SMTC configuration

Unlike measurement gap configuration, SMTC is configured per carrier. So, it is possible to provide correct SMTC configuration in a carrier taking the UE and neighbor cell differential propagation delays into account. In case differential delay is large among neighbor cells in the same carrier, is it not possible to provide different offset for different neighbor cells.
In NR TN, smtc1 provides the primary SMTC configuration and in addition smtc2 can be configured to provide list of cells which are following the same SMTC configuration but with a smaller periodicity than what is provided in smtc1. Therefore, smtc1 and smtc2 configuration does not resolve the issue of larger differential propagation delays.
If satellites at different altitudes (e.g., LEO at 600km and 1200km) use different frequencies, existing SMTC configuration may be sufficient. Otherwise, following options can be considered for SMTC configuration.

Option#1: Re-use smtc3List-r16
Like IAB-MT, the smtc3List-r16 signaling mechanism in the measurement object can also be re-used for NTN to provide SMTC configuration of different set of neighbor cells. However, this increases the signaling overhead.
Option#2: Offset to adjust SMTC window

In addition to smtc1/smtc2 configuration, smtc4 can be defined to provide, if needed, a list of cells that need +/- offset to the SMTC configured by smtc1. This approach is better in terms of signalling overhead.
Proposal 2 If needed, network provides a list of cells that need +/- offset to the SMTC configured by smtc1.
It is up to UE implementation how it can perform the measurements for the frequencies/cells for the given measurement gap pattern and SMTC window, any change in the gap pattern and SMTC configuration impacts this procedure and RRM requirements. Therefore, feedback from RAN4 is needed on the solutions brought up in RAN2.
Proposal 3 Send a LS to RAN4 asking feedback on RRM requirements in NTN considering solutions for measurement gap and SMTC configuration.

3. Conclusion

Following observations are made.
Observation 1.
Extending measurement gap length or having multiple measurement gaps results in more interruption in UL/DL transmissions.
Observation 2.
Updating the measurement window in real time by UE and network may bring UE and network out of sync on UE’s measurement time window.
Observation 3.
Network can compensate the measurement window configuration considering the UE and neighbour cells differential delays.


Following proposals are made.
Proposal 1
Define periods where MGTA is adjusted to measure different RATs associated with LEO, GEO or TN.
Proposal 2
If needed, network provides a list of cells that need +/- offset to the SMTC configured by smtc1.
Proposal 1
Send a LS to RAN4 asking feedback on RRM requirements in NTN considering solutions for measurement gap and SMTC configuration.
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