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1 Introduction
In this contribution, we discuss the remaining issue on SMTC and measurement gaps for NTN.
2 Discussion
In RAN2 #117-e meeting, some agreements on NTN measurement gaps were achieved as follows: 
	Agreements: 

In NR NTN, RAN2 follows the restriction on the maximum number of gaps that could be configured simultaneously for each gap type (per-UE /per-FR1/per-FR2) confirmed in MGE WI, i.e., more than 2 simultaneous measurement gaps for each gap type are NOT considered in R17 NR NTN.

It’s up to network implementation to guarantee that the measurement gaps can cover all SMTCs configured for one frequency layer in gap-assisted scenarios.

Send LS to RAN4 asking if it's feasible/possible, for NTN, that two measurement gaps could be associated with the same frequency layer


With respect to the detailed signalling of multiple gaps, in our understanding, the difference in multiple gaps only lies in the gap offset. The enhancements of SMTC and gaps originate from the similar motivation: with the movement of satellites, the configured offset may become inaccurate. Therefore, similar to SMTCs, the multiple gaps differ only in offsets. There are two options for the detailed signalling: 1) similar to SSB-MTC4List-r17 [1], adding a PCI list and an offset for the second gap configuration; 2) reusing the signalling for concurrent gaps. Even though the first option saves some signalling overhead, from our perspective, considering the joint working of NTN and MGE, some IEs in the Rel-17 GapConfig are also needed for NTN (e.g. gap ID so that MOs can be associated to the gap, and gap priority to handle the case when multiple gaps are overlapped in time domain) so option 2) is preferred.
Proposal 1: The multiple gaps differ only in offsets. The signalling for concurrent gaps in MGE is reused.
Besides, the assistance information (propagation delay difference or UE location, which is FFS for the moment) of SMTC can be also applied to measurement gap configuration, to help the network configure the measurement gap properly. This is also consistent with the agreement achieved in the RAN2 #116-e meeting shown as follows.
	Agreements:

RAN2 will reuse at least the SMTC agreements made for UE assistance information reporting also in the area of measurement gaps for NTN


Proposal 2: Assistance information of SMTCs can be reused to assist the configuration of measurement gaps.
Regarding the contents of assistance information, based on previous discussions, there are two options on the table: a) propagation delay difference; b) UE location information.

For a), the calculation of propagation delay is based on UE location and the ephemeris information of serving cell and/or neighbour cells. The ephemeris information of neighbour cell should be provided and needs to be associated to the PCI of the neighbour cell. The network needs to indicate the PCI of the corresponding neighbour cell to the UE for the reporting of propagation delay difference between UE and neighbour cell (note that the reported propagation delay is only for the service link since common TA of neighbour cell is unknown to the UE). 
Since RAN2 has agreed that UE can report its location if user consent is achieved (waiting for the final confirmation from SA3), the reported UE location can be utilized as assistance information for the network to calculate the offset of SMTC/gap. Compared with a), option b) leaves the complexity to the network, and will introduce no additional signalling.
Proposal 3: The UE location reported in connected mode (after user consent is achieved) is used as assistance information for the network to calculate the offset for SMTC/gap configurations.

For UEs in Idle/Inactive mode, the following agreement was achieved in RAN2 #117-e meeting:
	Agreements:

SMTC offset and change rate is needed to assist UE-based SMTC adjustment in idle and inactive mode (FFS on the signalling details, e.g. whether to broadcast feeder link delay difference or something different)


In order for the UE to adjust SMTC for neighbour cell measurements, UE needs to know the service link delay and feeder link delay towards the neighbour cell. The service link delay can be calculated by UE location and ephemeris information, whereas the feeder link delay is unknown to the UE.

There are two solutions: i) broadcast feeder link delay of neighbour cells; ii) broadcast common TA parameters and Kmac of neighbour cells. Option i) introduces less signalling overhead, however, it needs to be updated frequently. In contrast, the common TA parameters are predictable and valid at least for a certain duration of time. So option ii) is preferred.

When the corresponding parameters are broadcast, the epoch time and validity duration can reuse those of the serving cell, there is no need for an extra epoch time and extra validity duration.

Proposal 4: To help Idle/Inactive UEs adjust SMTC, common TA parameters and Kmac of neighbour cells are broadcast. And the epoch time and validity duration for serving cell are reused.
In the previous RAN2 meetings, the agreements on the number of SMTC have been achieved as follows

	1.
The specific maximum number of SMTC configuration in one measurement object with the same ssbFrequency can be 4. And a LS will be sent to RAN4 to confirm the conclusion.

2.
The UE can be configured with multiple SMTCs per carrier. FFS if the UE can use only a partial set or all of them in parallel, and in case FFS whether based on network configuration or UE implementation

3.
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.

4. 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)

5.
Regarding UE-based solution for SMTC adjustments, UE autonomously adjust the SMTCs based on location and ephemeris. FFS whether NW assistance information is provided.


It is clear that the network can configure up to 2 or 4 SMTCs in parallel for NW-based solution in RRC_CONNECTED state. But it is unclear whether the network can configure multiple SMTCs in parallel for UE-based solution in RRC_IDLE/RRC_INACTIVE state.
In our understanding, the SMTC broadcast for Idle/Inactive UEs and the SMTC configured for Connected UEs are faced with the same problem: one single SMTC window may not be able to cover all the SSBs broadcast by all the neighbour cells. The maximum duration of SMTC is only 5ms, and multiple SMTCs can be one solution. Therefore, similar to the multiple SMTCs in RRC_CONNECTED state, the maximum number of SMTC broadcast can also be up to 4 SMTCs in parallel.
Proposal 5: At most 4 SMTCs per frequency can be broadcast.
3 Conclusion

In this contribution, we discuss some details about SMTC and measurement gaps in NTN and have the following proposals:

Proposal 1: The multiple gaps differ only in offsets. The signalling for concurrent gaps in MGE is reused.
Proposal 2: Assistance information of SMTCs can be reused to assist the configuration of measurement gaps.

Proposal 3: The UE location reported in connected mode (after user consent is achieved) is used as assistance information for the network to calculate the offset for SMTC/gap configurations.

Proposal 4: To help Idle/Inactive UEs adjust SMTC, common TA parameters and Kmac of neighbour cells are broadcast. And the epoch time and validity duration for serving cell are reused.
Proposal 5: At most 4 SMTCs per frequency can be broadcast.
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