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1. Introduction 
The impact of large propagation delays on SMTC and measurement gap was discussed in the RAN2#112e 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 signalling of multiple SMTC values for the same SSB frequency as this was not conclusive in the email discussion “[POST113-e][108][NTN] SMTC and measurement gaps”.
2. Discussion 

2.1 SMTC 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. It would be helpful if network can provide information with some accuracy in which serving cell downlink time slots the SSB from different satellites can be received. For example, in figure 1, the SSB from SAT A may be received at subframe#5 whereas the SSB from SAT B may be received at subframe#9.
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Figure 1 Different SSB arrival delays from satellites.
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 multiple satellites/cells operate in the same carrier, is it not possible to provide different offset for different neighbor cells with current signaling procedure.
There are following ways to signal multiple SMTC values for the same SSB frequency belonging to different satellites.

Option#1: Multiple measurement objects with different list of PCI are allowed for the same SSB frequency

Option#2: For the same SSB frequency, smtc1 is baseline. A list of offsets (for example smtc4OffsetList-r17) is provided for SS corresponding to this MeasObjectNR with PCI listed in pci-List.

Option#3: Re-use smtc3List-r16 specified for IAB, i.e., list of SMTC provided for different list of cells/satellites in the same SSB frequency. 

Option#1: Multiple measurement objects with the same ssbFrequency
Currently, there is following restriction defined in current specification TS 38.331.

	2.1.1 5.5.2       Measurement configuration

1.1.1.1 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 procedural text.
Observation 1. Existing signaling can provide multiple SMTC configurations for different satellites/cells in the same frequency with multiple measurement objects.

Option#2: new list of SMTC offsets

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.
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. This approach is better in terms of signalling overhead.

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)
}

Option#3: 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.
From the above discussion, the solution with least specification impact is to allow multiple measurement objects in the same SSB frequency in option#1. It can be further discussed how many measurement objects are allowed in the same SSB frequency. In addition, it should be possible to signal only the offset to apply to detect SSB from a list of cells/satellites with single measurement object in option#2. 

In Rel-17 NTN, 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). For example, as shown in figure 1, an offset (e.g., 4) with respect to serving SAT A can be provided to detect SSB from another satellite/cell, e.g., SAT B. 
Proposal 1 Network can provide a list of +/- offsets to the SMTC configured by smtc1.
Proposal 2 More than one measurement object with the same SSB frequency is allowed to provide multiple SMTC configurations per SSB frequency. FFS on the allowed number of measurement objects.
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 3 Send a LS to RAN4 asking feedback on the solutions for the SMTC enhancement.

3. Conclusion

Following observations are made.
Observation 1.
Existing signaling can provide multiple SMTC configurations for different satellites/cells in the same frequency with multiple measurement objects.


Following proposals are made.
Proposal 1
Network can provide a list of +/- offsets to the SMTC configured by smtc1.
Proposal 2
More than one measurement object with the same SSB frequency is allowed to provide multiple SMTC configurations per SSB frequency. FFS on the allowed number of measurement objects.
Proposal 3
Send a LS to RAN4 asking feedback on the solutions for the SMTC enhancement.
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