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1. Introduction 
In RAN2#113bis-e meeting, following agreements were made on SMTC and measurement gap.
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

5. 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?
6. The configuration of one or multiple offsets is left up to the network implementation.
7. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.

8. Measurement gaps enhancements should be supported. FFS on the details

In this document, we provide details of the multiple SMTC and multiple MG configuration.

2. Discussion 

2.1 SMTC configuration

As agreed in RAN2#113bis-e meeting, following ways are possible to signal multiple SMTC values for the same SSB frequency belonging to different satellites.

Option#1: legacy SMTC signaling (i.e., multiple measurement objects with different list of PCI are allowed for the same frequency)
Option#2: A list of offsets (for example smtc4OffsetList-r17) is signaled for the same frequency.

Currently, there is following restriction defined in TS 38.331.

	5.5.2       Measurement configuration

5.5.2.1            General

The network applies the procedure as follows:
-    to ensure that, whenever the UE has a measConfig associated with a CG, it includes a measObject for the SpCell and for each NR SCell of the CG to be measured;

-    to configure at most one measurement identity across all CGs using a reporting configuration with the reportType set to reportCGI;
-    to configure at most one measurement identity per CG using a reporting configuration with the ul-DelayValueConfig;

-    to ensure that, in the measConfig associated with a CG:

-    for all SSB based measurements there is at most one measurement object with the same ssbFrequency;
-    an smtc1 included in any measurement object with the same ssbFrequency has the same value and that an smtc2 included in any measurement object with the same ssbFrequency has the same value;



If this restriction is relaxed, the existing signaling allows network to configure multiple SMTC configurations for the same SSB frequency by configuring multiple measurement objects, i.e., the measurement objects could be for same frequency but for a specific cell, i.e., PCID because multiple satellites or cells on the same SSB carrier would have different PCID. So, for option#1, no additional change in signaling is needed apart from relaxing the restriction in the procedural text.
Observation 1. Current restriction in RRC specification can be relaxed to allow multiple SMTC configurations in the same frequency.

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. Similarly, smtc4 can be defined to provide, if needed, a list of cells that need +/- offset to the SMTC configured by smtc1. This option assumes that satellites/cells in the same SSB frequency can use the same SMTC periodicity and duration.

smtc4OffsetList-r17            SEQUENCE (SIZE(1..4)) OF SSB-MTC4-r17

SSB-MTC4-r17 ::=               SEQUENCE {

    pci-List                   SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need M

    offset                
   INTEGER (0..159)
}

A UE may not be required to measure a large number of satellites for handover as timer-based and location-based conditional handover can be used. In addition, UE may not need to measure the SSB from the satellite for which elevation angle is too small (for example, less than 30 degree). The required number of SMTC configurations in the same frequency depends on how many satellites in the same frequency are configured to perform measurements, therefore, the size does not need to be larger than 4. 

Observation 2. Thanks to timer-based and location-based CHO and other NTN characteristics, the required number of SMTC configurations in the same frequency does not need to be larger than 4.

Proposal 1 Introduce a list of cells that need +/- offset to the SMTC configured by smtc1.
Proposal 2 To enable multiple SMTC configurations with legacy signalling, remove existing restriction to allow configuration of more than one measurement object with the same SSB frequency. 
Proposal 3 The maximum number of SMTC configurations that can be configured in the same frequency is 4.
2.2 SMTC adjustment

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, network may not know exact UE location when providing the SMTC configuration. A simple solution is that the network provides the SMTC configuration based on beam center location (i.e., at angle 3 degree if beam angular width is 6 degree). The network can estimate the differential delays between serving and neighbor satellite assuming the UE is located at the beam center. Then, network provides uncertainty where UE should try to search SSB for a given satellite, assuming UE could be anywhere between beam center or cell edge. For example, if SMTC is configured for a satellite at subframe n, and uncertainty is +/- 1ms, UE will search SSB in subframes n-1, n and n+1. After certain duration, network can estimate the current uncertainty is not enough and update the SMTC configuration.
Proposal 4 SMTC configuration is provided with respect to the beam center of a cell if UE location is unknown.
Proposal 5 +/- x ms of uncertainty is specified in SSB search window to accommodate satellite differential delays.

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.
Observation 3. Current MG length is not sufficient to perform measurement of multiple satellites.
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
Proposal 6 Multiple MGs configuration is supported.
Proposal 7 Measurement gap configuration without SMTC configuration is allowed.

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. Therefore, feedback from RAN4 is needed on the solutions brought up in RAN2.
Proposal 8 Send a LS to RAN4 informing decision on multiple SMTC and MG configurations and asking any feedback.

3. Conclusion

Following observations are made.
Observation 1.
Current restriction in RRC specification can be relaxed to allow multiple SMTC configurations in the same frequency.
Observation 2.
Thanks to timer-based and location-based CHO and other NTN characteristics, the required number of SMTC configurations in the same frequency does not need to be larger than 4.
Observation 3.
Current MG length is not sufficient to perform measurement of multiple satellites.


Following proposals are made.
Proposal 1
Introduce a list of cells that need +/- offset to the SMTC configured by smtc1.
Proposal 2
To enable multiple SMTC configurations with legacy signalling, remove existing restriction to allow configuration of more than one measurement object with the same SSB frequency.
Proposal 3
The maximum number of SMTC configurations that can be configured in the same frequency is 4.
Proposal 4
SMTC configuration is provided with respect to the beam center of a cell if UE location is unknown.
Proposal 5
+/- x ms of uncertainty is specified in SSB search window to accommodate satellite differential delays.
Proposal 6
Multiple MGs configuration is supported.
Proposal 7
Measurement gap configuration without SMTC configuration is allowed.
Proposal 8
Send a LS to RAN4 informing decision on multiple SMTC and MG configurations and asking any feedback.
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