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Introduction
[bookmark: _Hlk66110521]In RAN2#115-e meeting [1], RAN2 agreed that the NW-based solution is supported for the measurement gap configuration in NTN, which takes into account the propagation delay difference between at least one target cell and the serving satellite of a given UE. In RAN2#116-e meeting [2], it was further agreed that RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN, which is different from the case of the SMTC where at most 4 SMTCs can be configured.
	Agreement in RAN2#115-e:
· In NTN, NW-based solution is supported, i.e. the final SMTC/measurement gap configuration is generated and provided by NW in NTN to a given UE (based on the propagation delay difference between at least one target cell and the serving cell of a given UE). FFS whether UE-based solution is supported or not.
Agreement in RAN2#116-e:
· 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 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


In this paper, we focus on how to implement the above measurement gap related agreements into the specifications, and propose several enhancements that allow UE to stay connected with the serving cell as much as possible for maintaining the data throughput.

Discussion
As it has been agreed that a UE can be configured up to four SMTCs in one frequency band in NTN, the need of having multiple measurement gaps per FR/UE was also discussed in RAN2, given the fact that the measurement gap is configured to monitor the configured SMTC. Although there was no concrete conclusion achieved regarding this aspect, an agreement was made to capture the trend that companies do not want to have as many gaps as the number of SMTCs configured, and attempt to cover multiple SMTCs with a single long-length gap.
Since the propagation delay between a NGSO satellite and a UE could range from 8 ms to 25.77 ms (according to TR 38.821, v16.1.0, section 7.1.1 [3]), the propagation delay difference can be up to around 18 ms. Given that the maximum length of a legacy measurement gap is 6 ms, we think it should be sufficient to have the gap length equal to 24 ms in case RAN2 prefers to stick to the legacy operation where only one measurement gap is configured per FR/UE. On the other hand, configuring the UE with a long-length gap could harm the data rate significantly as the UE could mostly disconnect from the serving cell especially when the measurement gap repetition period (mgrp) is not long enough. Therefore, we think the specification should allow both options: 1) configuring a single long-length measurement gap, and 2) configuring multiple short-length measurement gaps. By having both options available, it is up to the network to choose which option, depending on the real traffic situation and/or the other configurations (e.g., the mgrp) of the measurement gap. Regarding the number of measurement gaps, we think ‘two’ gaps is a good tradeoff as by default a NTN-capable UE can support up to two SMTCs (UE can support up to four SMTCs only if UE indicates such capability specifically). 
[bookmark: _Toc95747799]The network can configure up to two measurement gaps (i.e., two gap patterns) in GapConfig, and the duration of each measurement gap can be up to 24ms. 
Even if the network is able to configure multiple short-length gaps or a single long-length gap, the gap configuration could be only valid for a short period of time due to the fast movement of the satellite (can be as fast as 7.56 m/s, for the LEO satellite case). To catch up with the rapid gap offset change due to the fast satellite movement, the network may need to provide the up-to-date gap configuration to the UE very frequently. Such frequent configuration updates may result in considerable signaling overheads considering the tremendous amount of CONNECTED UEs within a satellite coverage.
[bookmark: _Ref95317406][bookmark: _Toc95747774]The measurement gap configuration in NTN could be only valid for a short period of time due to the fast movement of the concerned satellite, and updating the measurement gap configuration in a frequent manner would result in considerable signaling overheads.
[bookmark: _GoBack]To address this issue, having the gap configuration that is able to shift the gap offset gradually as time goes on is beneficial in saving the signaling overheads, given that both the network and the UE have the same understanding on how the gap offset of the gap pattern is shifted. Therefore, similar to the solutions/proposals we have proposed in R2-2202840 [4], an additional parameter to be included in the gap configuration can be a drifting rate parameter indicating the amount of offset shifted per time unit regarding a gap pattern. The drifting rate parameter can be a positive or a negative value, depending on whether the concerned satellite is moving closer to the UE or is moving further away from the UE. In addition, if the UE can be provided with the information regarding until when the gap configuration is valid, the UE is able to discard the gap configuration and stop using the measurement gaps configured by the gap configuration, which is beneficial in saving UE’s power. Therefore, it is also desirable if the gap configuration can contain a validity timer or a start and end time pair (UTC time) associated with each gap pattern. The network may also provide a list of gap patterns that the UE shall apply one by one sequentially from the first gap pattern until the last gap pattern in the list, with each gap pattern being associated with a start and end time pair.
[bookmark: _Toc95747800]The network associates each gap pattern in the measurement gap configuration with a drifting rate parameter, which can assist the RRC_CONNECTED UE to adjust/shift the gap offset as the time goes on.
[bookmark: _Toc95747801]The network associates each gap pattern in the measurement gap configuration with a validity timer or a pair of the start/end time, which can assist the RRC_CONNECTED UE to determine when to apply and when to discard the gap pattern.
On the other hand, the network may choose to configure a single measurement gap with a long gap duration to cope with the rapid offset shift due to fast satellite movement. However, this approach may unnecessarily deteriorate UE’s throughput as the UE might have already performed all the necessary measurement much earlier before the measurement gap ends (e.g., the measured target has moved significantly closer to the UE). Thus the option of using a long gap duration is better to be accompanied with a mechanism that allows the UE to terminate the gap earlier. 
To terminate an on-going measurement gap earlier, the UE should be allowed use the dedicated UL resource allocated to the UE beforehand (e.g., the PUCCH resource for SR) to inform the network of such a termination, and the network must understand such a behavior (i.e., UE sending the dedicated UL resource amid a measurement gap) in the same way as the UE does. In case the UE has not been allocated with any dedicated UL resource, the network can configure the dedicated UL resource (e.g., a PUCCH resource or a dedicated PRACH resource) to the UE in the measurement gap configuration, to facilitate the gap termination procedure. 
[bookmark: _Toc95747802]The UE is allowed to signal the network via the dedicated UL resource in the middle of a measurement gap, to inform of the termination of the current measurement gap. 
[bookmark: _Toc95747803]The network can configure the UE with the dedicated UL resource (e.g., PUCCH or PRACH resource) in the measurement gap configuration. 
Conclusion
In this paper, an observation is made with regard to the issues on the measurement gap configuration for RRC_CONNECTED UEs in NTN. 
Observation 1	The measurement gap configuration in NTN could be only valid for a short period of time due to the fast movement of the concerned satellite, and updating the measurement gap configuration in a frequent manner would result in considerable signaling overheads.
Based on the observation, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	The network can configure up to two measurement gaps (i.e., two gap patterns) in GapConfig, and the duration of each measurement gap can be up to 24ms.
Proposal 2	The network associates each gap pattern in the measurement gap configuration with a drifting rate parameter, which can assist the RRC_CONNECTED UE to adjust/shift the gap offset as the time goes on.
Proposal 3	The network associates each gap pattern in the measurement gap configuration with a validity timer or a pair of the start/end time, which can assist the RRC_CONNECTED UE to determine when to apply and when to discard the gap pattern.
Proposal 4	The UE is allowed to signal the network via the dedicated UL resource in the middle of a measurement gap, to inform of the termination of the current measurement gap.
Proposal 5	The network can configure the UE with the dedicated UL resource (e.g., PUCCH or PRACH resource) in the measurement gap configuration.
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