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Introduction
In the last RAN4 meeting, discussions regarding measurement requirements for NR NTN UE were seen. Most of the discussions were covered in the approved WF [1] and the agreements reached are copied in the below box.
	Issue 3-1-1 Multiple SMTCs
· No agreement due to lack of RAN2 progress.
Issue 3-1-1 Measurement Gap
· No agreement due to lack of RAN2 progress.
Issue 3-1-3 UE capability regarding the number measurement cell groups
· RAN4 to further discuss UE capability regarding the number of measurement cell groups with different SMTCs and/or reception timings
Issue 3-2-1 Positioning
· Positioning is not in the scope of Rel-17 NTN WI
Issue 3-2-2 Cell Service Time
· RAN4 to take into account “cell service time information” in relevant requirements. FFS on
· whether it is limited to Quasi-earth fixed non-GEO case or not
· which parts of requirements will be affected


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper we provide analysis on multiple SMTC and measurement gaps for NTN UE measurements.
Discussion
Multiple SMTC and measurement gaps
RAN2 agreed on introducing multiple SMTC and measurement gaps for a certain carrier frequency to counter the timing differences problem due to large propagation delays between serving and neighbour cells. In the previous analysis we can observe that the timing differences mentioned can be up to tens of ms in various scenarios. Thus, different from what we have introduced in terms of multiple SMTC configurations in the previous releases, it is agreed to introduce multiple SMTC with different timing offsets in R17 NTN. In order to make use of the configured multiple SMTC, the UE is required to measure on the same frequency but in different occasions within the same periodicity but with different timing offsets. This means that the UE has to measure the neighbour cell SSB as well as to receive/transmit on the serving cell at the same time. Else, there has to be scheduling restrictions specification to avoid such complexity for the UE – or measurement gaps are used to guarantee the measurement on neighbour cell even when the target neighbour cell is an intra-frequency cell.
Proposal 1: determine in which way RAN4 should specify the requirements:
Option 1: the UE is required to measure on the target neighbour cell with configured timing offsets and receive/transmit on the serving cell at the same time
Option 2: specify scheduling restrictions to avoid such complexity
Option 3: measurement gaps are used on the target neighbour cells
RAN2 LS on SMTC
RAN2 sent an LS to RAN4 in [2] asking about issues related to multiple SMTC configured for NTN UE measurements on a single frequency layer. We copy the LS in the below box.
	During RAN2#115_e meeting, RAN2 discussed the SMTC and measurement gap configuration in NTN and agreed that the UE can be configured to use multiple SMTCs per ssbFrequency in parallel and the maximum number of SMTCs configured per measurement object for the same ssbFrequency is equal to 4. The multiple SMTCs in the same measurement object and for the same ssbFrequency differ at least in offset.
RAN4 is asked to confirm that the maximum number of SMTCs configured per measurement object for the same ssbFrequency can be equal to 4. RAN4 is asked to provide feedback if any other value is suitable.


In the context of multiple SMTC, the SMTC configurations with different offsets are associated with different cells in the same frequency layer. One issue regarding this multiple-configuration of SMTC is that the network needs to estimate in real time what the timing differences are among different cells that use different satellite TRP-s, since the purpose of introducing different timing offsets for the SMTC-s is to cope with the rather large timing differences brought by long propagation delay differences among different satellite TRP-s. RAN2 needs to first confirm whether the SMTC configurations are dynamically indicated to the UE. Or is it semi-static that the SMTC configurations are RRC based so that without RRC re-configuration, there is no change in the SMTC offsets.
Regarding the questions from RAN2 asking whether the maximum number of SMTC configurations per frequency can be 4, the answer depends on whether the UE needs to dynamically monitor the active SMTC configuration(s) on a certain MO. This is to say that if the network has relatively constant SMTC configurations on the target MO, the UE copes with higher number of parallel SMTC offsets; on the contrary if the network dynamically reconfigures everything according to the real time estimation of the timing differences among different cells, the UE is not able to support as many as four configurations at the same time.
By looking at the number of 4 which is suggested from RAN2, it means that the UE would be facing as many as 4 different satellite TRP-s on the same frequency layer. So in general we believe this number of supported SMTC configurations with different offsets needs a UE capability signalling. According to different UE implementations, the UE needs this capability signalling to indicate to the network so that the network will configure the suitable number of SMTC configurations accordingly, depending on different deployment scenarios. Thus we propose,
Proposal 2: Introduce the UE capability signalling to indicate to the network, the maximum supported number of SMTC configurations on one ssbFrequency in parallel.
Going back to whether the network is supposed to configure the SMTC in a rather dynamic way needs further discussion. The trade-off between having a more dynamic configuration scheme of the SMTC-s according to real time timing difference estimation leveraging UE reported locations, and having a rather constant set of SMTC configurations to reduce effort in general, is the key point we need to discuss upon the feature of multiple SMTC-s. In between the two ends, we believe it is better that we could figure out a middle ground in terms of designing the configurations so that we reach a fair trade-off between complexity and effectiveness.
Instead of instantly reconfiguring everything with dynamic configurations, we propose to consider the way of having a constant set of SMTC configurations but activate a subset of them with MAC CE periodically. This scheme is kind of in general a resemble to the BWP framework: the network configures a set of BWP-s to the UE using RRC but dynamically activates one of them. 
Proposal 3: The network configures multiple SMTC-s with at least different offsets to the UE via RRC and activates a subset of the configurations via MAC CE according to the estimation of timing differences among cells that belong to different satellites.
Conclusions
In this paper we provide analysis on multiple SMTC and measurement gaps for NTN UE measurements.
Proposal 1: determine in which way RAN4 should specify the requirements:
Option 1: the UE is required to measure on the target neighbour cell with configured timing offsets and receive/transmit on the serving cell at the same time
Option 2: specify scheduling restrictions to avoid such complexity
Option 3: measurement gaps are used on the target neighbour cells
Proposal 2: Introduce the UE capability signalling to indicate to the network, the maximum supported number of SMTC configurations on one ssbFrequency in parallel.
Proposal 3: The network configures multiple SMTC-s with at least different offsets to the UE via RRC and activates a subset of the configurations via MAC CE according to the estimation of timing differences among cells that belong to different satellites.
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