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Introduction
[bookmark: _Hlk66110521]In RAN2#115-e meeting [1], RAN2 agreed that the NW-based solution is supported for the SMTC configuration in NTN, with the understanding that the NW-based solution is generally applicable for the UE in RRC_CONNECTED. In RAN2#116-e meeting [2], RAN2 further agreed that by default the network can configure up to two SMTCs in parallel and may configure up to four SMTCs in case the UE optionally indicates its support for four SMTCs. 
	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.
· 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.
Agreement in RAN2#116-e:
· 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).


In the RRC running CR R2-2201895 [3], although a new IE ‘SSB-MTC4List-r17’ for supporting multiple SMTCs has been created, some details within the IE are still pending and the rapporteur of the running CR considered these details as open issues to be addressed directly in the running CR. 
In this paper, we focus on some possible enhancements that can be added into the IE, with the motivation to reduce the signaling overheads caused by the rapid satellite movement. A clarification regarding UE’s behavior is also proposed in this paper, with the intention to align the new IE better with the agreements.

Discussion
When configuring a UE with an SMTC, it should be noted that there could be slight timing difference between the timing of the PCell and the timing of the measurement target, contributed by the propagation delay difference experienced by the UE. Such a slight timing difference can be neglected in the TN case as the propagation delay difference is very small and hence is not required to be reflected in the timing offset setting. Therefore, only one timing offset is configurable among the up to two SMTCs configured in a frequency band, according to 3GPP TS 38.331 (v16.7.0) [3]. However, for the NTN NGSO (Non-Geosynchronous Orbit) case, since the propagation delay between a satellite and a UE could be up to 25.77 ms and the variation for different satellites could be significant (e.g., from 8 ms to 25.77 ms, according to TR 38.821, v16.1.0, section 7.1.1 [4]), there might be a need to have an individual timing offset associated to every measurement target (i.e., a satellite) configured in the same frequency band. As a result, it could end up having multiple timing offsets or even multiple SMTCs configured in one frequency band. The relevant discussions have been concluded in previous RAN2 meetings, with the agreements being implemented in the RRC running CR [3] as follows.
	MeasObjectNR ::=                    SEQUENCE {
--- non-relevant skipped ---
  [[
  smtc4List-r17               SSB-MTC4List-r17                                           OPTIONAL    -- Cond SSBorAssociatedSSB              
  ]]
}
SSB-MTC4List-r17 ::=    SEQUENCE (SIZE(1..4)) OF SSB-MTC4-r17
SSB-MTC4-r17 ::=          SEQUENCE {
  pci-List-r17                   SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId  OPTIONAL,   -- Need R
  offset-r17                     INTEGER (0..1279)
}


The new IE ‘SSB-MTC4List-r17’ can contain up to four SSB-MTC4-r17, which makes it possible for a UE to have at most 5 SMTCs in parallel (including smtc1). Therefore, UE’s behavior needs to be clarified if the number of SMTCs listed in SSB-MTC4List-r17 plus smtc1 exceeds UE’s maximum capability. Please note that according to RAN2 agreements, a UE may be configured up to two or up to four SMTCs in parallel, depending on UE’s capability. We think when the number of SMTCs listed in SSB-MTC4List-r17 is equal to UE’s maximum capability, the configured smtc1 shall be superseded by the SMTCs listed in SSB-MTC4List-r17. In other words, smtc1 is not applied to the UE directly, but the periodicity and duration values configured in smtc1 are applied to the SMTCs listed in SSB-MTC4List-r17 (since the SMTC listed in SSB-MTC4List-r17 does not have a periodicity nor a duration value). 
[bookmark: _Toc95747681]When the number of SMTCs listed in SSB-MTC4List-r17 is equal to UE’s maximum capability, the configured smtc1 shall be superseded by the SMTCs listed in SSB-MTC4List-r17.
Even if the network is able to configure accurate offsets for different measurement targets using multiple SMTCs, each SMTC 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 offset change due to the fast satellite movement, the network may need to provide the up-to-date SMTC configuration to the UE very frequently, as the UE is not allowed to apply by itself the shift to the configured SMTCs arbitrarily without network’s consent. Such frequent SMTC updates may result in considerable signaling overheads, which should be avoided by all means.
[bookmark: _Ref95317406][bookmark: _Toc95747499][bookmark: _Toc95747527]The SMTC associated to the Earth-moving or the quasi-Earth-fixed cells could be only valid for a short period of time due to the fast movement of the satellite.
[bookmark: _Toc95747500][bookmark: _Toc95747528]Updating SMTC in a frequent manner would result in considerable signaling overheads.
Due to the above observations, it is more desirable if the network can provide in each SMTC the parameter(s)/configuration(s) on how to adjust/shift the SMTC setting as time goes on, to save UE’s burden and to avoid frequently updating the SMTC. It is also desirable that the UE is provided with the information regarding when the SMTC is still valid, together with the SMTC. With such validity information, UE is able to discard the SMTC and stop performing the measurement when the configuration is no longer valid, which helps in preventing the unnecessary UE power consumption. Therefore, additional parameter(s) to be included in ‘SSB-MTC4-r17’ can be a drifting rate parameter indicating the amount of offset shifted per time unit regarding the SMTC, a validity timer associated with the SMTC, or a start and end time pair (UTC time) associated with the SMTC. 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. If a validity timer is provided, UE shall start the timer immediately upon receiving the measurement configuration, and shall discard the associated SMTC once the timer expires. The network may also provide a list of SMTCs that the UE shall apply one by one sequentially from the first SMTC to the last SMTC in the list, with each SMTC being associated with a start and end time pair.
[bookmark: _Toc95747682]The network associates each SMTC with a drifting rate parameter that can assist the RRC_CONNECTED UE to adjust/shift the SMTC offset as the time goes on.
[bookmark: _Toc95747683]The network associates each SMTC with a validity timer or a pair of the start/end time that can assist the RRC_CONNECTED UE to determine when to apply and when to discard the SMTC.
If Proposal 2 and Proposal 3 can be agreed, the drafted CR provided in the following section (i.e., Section 3) can be incorporated into the RRC running CR R2-2201895. 
[bookmark: _Toc95747684]Incorporate the amendments provided in Section 3 into the RRC running CR.

Draft CR to the RRC running CR R2-2201895
-------------------------------------------------------- Draft CR Begins --------------------------------------------------------
[bookmark: _Toc90651030][bookmark: _Toc60777158][bookmark: _Hlk54206873]6.3.2	Radio resource control information elements
Alternative#1 (if the validity timer in Proposal 3 is taken)
· [bookmark: _Toc95317301][bookmark: _Toc95469066]SSB-MTC
The IE SSB-MTC is used to configure measurement timing configurations, i.e., timing occasions at which the UE measures SSBs.
	--- non-relevant skipped ---
SSB-MTC4-r17 ::=          SEQUENCE {
  pci-List-r17                   SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId  OPTIONAL,   -- Need R
  offset-r17                     INTEGER (0..1279),
  drifting-offset-r17       INTEGER (-10000..10000)                                                           OPTIONAL, --Need R
  validity-timer-r17        INTEGER (1..3600)                                                                       OPTIONAL   --Need S
}



	SSB-MTC field descriptions

	drifting-offset-r17
The amount of time shift per hour regarding the offset-r17. It is given in milliseconds, which ranges from -10,000 ms to 10,000 ms.

	validity-timer-r17
The timer counting the valid duration of the associated SSB-MTC4-r17. Value in seconds. The absence of the timer means the associated SSB-MTC4-r17 is valid until being configured otherwise.




Alternative#2 (if the pair of the start/end time in Proposal 3 is taken)
· [bookmark: _Toc95317302][bookmark: _Toc95469067]SSB-MTC
The IE SSB-MTC is used to configure measurement timing configurations, i.e., timing occasions at which the UE measures SSBs.
	--- non-relevant skipped ---
SSB-MTC4-r17 ::=          SEQUENCE {
  pci-List-r17                   SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId  OPTIONAL,   -- Need R
  offset-r17                     INTEGER (0..1279),
  drifting-offset-r17       INTEGER (-10000..10000)                                                          OPTIONAL, --Need R
  start-time-r17              INTEGER (0..549755813887)                                                     OPTIONAL, --Need S
  end-time-r17                INTEGER (0..549755813887)                                                     OPTIONAL  --Need S
}



	SSB-MTC field descriptions

	drifting-offset-r17
The amount of time shift per hour regarding the offset-r17. It is given in milliseconds, which ranges from -10,000 ms to 10,000 ms.

	start-time-r17
Coordinated Universal Time corresponding to when the associated SSB-MTC4-r17 becomes applicable. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900).

	end-time-r17
Coordinated Universal Time corresponding to when the associated SSB-MTC4-r17 becomes invalid. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900).


-------------------------------------------------------- Draft CR Ends --------------------------------------------------------

Conclusion
In this paper, several observations are made with regard to the issues on the SMTC configuration for RRC_CONNECTED UEs in NTN. 
Observation 1	The SMTC associated to the Earth-moving or the quasi-Earth-fixed cells could be only valid for a short period of time due to the fast movement of the satellite.
Observation 2	Updating SMTC in a frequent manner would result in considerable signaling overheads.
Based on the observations, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	When the number of SMTCs listed in SSB-MTC4List-r17 is equal to UE’s maximum capability, the configured smtc1 shall be superseded by the SMTCs listed in SSB-MTC4List-r17.
Proposal 2	The network associates each SMTC with a drifting rate parameter that can assist the RRC_CONNECTED UE to adjust/shift the SMTC offset as the time goes on.
Proposal 3	The network associates each SMTC with a validity timer or a pair of the start/end time that can assist the RRC_CONNECTED UE to determine when to apply and when to discard the SMTC.
Proposal 4	Incorporate the amendments provided in Section 3 into the RRC running CR.
[bookmark: _GoBack]
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