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Introduction
In the last RAN4 meeting, discussions regarding multiple SMTC and measurement gaps for NR NTN UE were seen. Most of the discussions were covered in the approved WF [1].
The reason to introduce multiple parallel SMTC/measurement gap configurations with different offsets within the same frequency layer is to counter the impact from possible relative movement speed between satellite and the UE. In the cases where multiple SMTC/measurement gap configurations are used for a single frequency layer, the UE makes use of more SMTC/gap occasions to carry out measurement correctly on the possible drifted SSB-s.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper we provide detailed analysis on multiple SMTC and measurement gaps for NTN UE measurements. In order to specify correct requirements for the UE measurements using multiple SMTC/gap configurations, we propose that RAN4 considers a set of prerequisite conditions so as that the measurement performance is guaranteed.
Discussion
Multiple SMTC and measurement gaps
In terms of multiple SMTC configuration, RAN2 had some further agreements in the last WG meeting. The agreements which are relevant to RAN4 discussions are copied in the below box.
	Agreements:
We don't introduce new mechanisms (e.g. based on MAC CE) to activate/deactivate SMTCs for NTN neighbour measurements. Which SMTCs the UE will consider is only based on RRC configuration (UE based solutions are not excluded by this)
In NW-based SMTC solution the UE is not allowed to apply shifts to configured SMTCs. 
In NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e. there is no switching between or activation/deactivation of configured SMTCs. FFS whether this (UE support for 2 SMTCs) requires a UE capability. A UE can optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel)

If propagation delay based UE assistance information for NTN SMTC is agreed, it is defined in the form of propagation delay difference. 
RAN2 assumes FL delay is known to and compensated by the network. RAN2 also assumes the UE needs to have neighbour cell ephemeris for the propagation delay estimation.
UE assistance information for NTN SMTC adjustments is event-triggered. Details of the triggering event are FFS (pending the decision on supported assistance information type).
UE-based solution for SMTC adjustments in NTN is supported for IDLE/INACTIVE UEs. FFS how does the UE perform the necessary shifts in SMTC.


Regarding measurement gaps, RAN2 also had a few agreements in the last meeting:
	Agreements:
Measurement gap related aspects for Rel-17 NTN will be addressed in Rel-17 NTN WI. Coordination and avoiding overlap with other WIs and WGs is recommended.
RAN2 will reuse at least the SMTC agreements made for UE assistance information reporting also in the area of measurement gaps for NTN
RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN. At least gap length and UE capabilities impact the number of required measurement gaps.



We can observe and understand from the RAN2 agreements and design that the reason to introduce multiple parallel SMTC/measurement gap configurations with different offsets within the same frequency layer is to counter the impact from possible relative movement speed between satellite and the UE. In the cases where multiple SMTC/measurement gap configurations are used for a single frequency layer, the UE makes use of more SMTC/gap occasions to carry out measurement correctly on the possible drifted SSB-s. Below is a figure to help understand the idea of multiple SMTC and gaps for NTN UE measurements.


Figure 1 Illustration on multiple SMTC configurations
SSB contained in the SMTC-s
In order to guarantee the UE measurement performance, we need to consider a set of prerequisite conditions for the UE to correctly carry out measurements based on the potentially drifted SSB-s. Since that the purpose of multiple SMTC configurations is to have more occasions so that the SMTC windows cover the drifted target SSB with higher chance. Unless the target SSB is completely contained within the SMTC windows, the UE is not able to carry out measurements on the SSB correctly because the UE is not supposed to measure outside the SMTC window. In the above figure 1, when the UE is only capable of 2 multiple SMTC-s and SMTC1 and 2 are configured to the UE, the UE is not able to correctly measure on SSB2 and SSB3, which are not completely contained in SMTC1 and SMTC2 windows.
Proposal 1: Specify that the NTN UE is not required to correctly measure on the target SSB if the SSB is not contained completely in the SMTC window(s).
SMTC selection
RAN2 agreed that the network is supposed to configure as many as 4 parallel SMTC configurations to the UE however different UE possibly carry different capabilities of the supported maximum number of SMTC configurations (up to 2 vs. up to 4). RAN2 agreements also indicated that if the UE is only capable of 2 SMTC-s, the network is not supposed to configure more than 2 SMTC configurations for a single frequency layer. But this agreement most likely does not work since there are all kinds of UE-s possibly measuring the same target SSB frequency layer. There is great chance that the network will always configure up to 4 SMTC configurations to maximize the performance for capable UE-s. 
One of the solutions to the above problem is to let the UE choose any 2 from the 4 configured SMTC-s. It is not deterministic which 2 of the 4 are the best to choose so how to choose the configurations is up to UE implementation.
Proposal 2: In the case where the network configures more SMTC configurations than the maximum number supported by UE, the UE chooses feasible number of SMTC windows from the configured ones and which to choose is up to UE implementation.
Or if the network indicated per UE the network-chosen SMTC configurations according to the UE capability, it is also feasible in terms of SMTC window selection from the UE. However RAN2 agreed that they don’t introduce activation/de-activation or any switches between status. So maybe we need to send an LS to RAN2 to ask about the matter.
Observation 1: Clarification from RAN2 is needed on whether per-UE indication of feasible SMTC configurations among all is feasible to solve the misalignment of number of SMTC-s between UE capability and network configuration.
Scheduling restrictions
Given that different UE chooses different SMTC configurations to carry out measurements, the network is not able to predict exactly where the UE will try to measure in time. 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 if there is no scheduling restriction specified. 
Else, RAN4 could specify 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.
Observation 2: RAN4 should consider the scheduling restrictions:
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
SSB contained in the MG-s
In our view, measurement gap is the most suitable way for the system in this scenario. As long as the UE SMTC-s are included in the measurement gap(s), it is guaranteed that there is no data loss any time. In this case there is a simple prerequisite condition for the UE to carry out correctly measurements on the target SSB-s.
Proposal 3: For both intra- and inter- frequency measurements, the UE uses measurement gaps to measure the SMTC windows; the UE is not required to correctly measure the SSB-s unless the SSB-s are completely contained in the measurement gaps.
For example, in figure 1 we can see that gap3 is long enough to cover both SMTC 3 and 4. Thus the UE could choose SMTC 3 and 4 if the network configures measurement gap 3. Further if the UE is capable to additionally measure on SMTC1, network configuration of gap1 is optimal.
Observation 3: The UE could choose the SMTC configurations according to the measurement gap configurations to boost chance in getting the SSB-s correctly.
UE capability of simultaneous scheduling and measurements
Since there is loss in data in the serving cell as long as any scheduling restriction is introduced, we need to allow the powerful UE implementation to avoid any loss. In the case that the UE is able to simultaneously receive/transmit in the serving cell and measure on the target cell, the network is able to schedule the UE without restrictions.
Proposal 4: Introduce UE capabilities to indicate to the network whether the UE is able to receive/transmit in the serving cell while measure on the target cell which is an intra- frequency or inter-frequency neighbour cell.
Conclusions
In this paper we provide detailed analysis on multiple SMTC and measurement gaps for NTN UE measurements. In order to specify correct requirements for the UE measurements using multiple SMTC/gap configurations, we propose that RAN4 considers a set of prerequisite conditions so as that the measurement performance is guaranteed.
Proposal 1: Specify that the NTN UE is not required to correctly measure on the target SSB if the SSB is not contained completely in the SMTC window(s).
Proposal 2: In the case where the network configures more SMTC configurations than the maximum number UE supports, the UE chooses feasible number of SMTC windows from the configured ones and which to choose is up to UE implementation.
Observation 1: Clarification from RAN2 is needed on whether per-UE indication of feasible SMTC configurations among all is feasible to solve the misalignment of number of SMTC-s between UE capability and network configuration.
Observation 2: RAN4 should consider the scheduling restrictions:
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 3: For both intra- and inter- frequency measurements, the UE uses measurement gaps to measure the SMTC windows; the UE is not required to correctly measure the SSB-s unless the SSB-s are completely contained in the measurement gaps.
Observation 3: The UE could choose the SMTC configurations according to the measurement gap configurations to boost chance in getting the SSB-s correctly.
Proposal 4: Introduce UE capabilities to indicate to the network whether the UE is able to receive/transmit in the serving cell while measure on the target cell which is an intra- frequency or inter-frequency neighbour cell.
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