3GPP TSG-RAN WG4 Meeting # 105															R4-2218232
Toulouse, France, November 14 – November 18, 2022

Agenda item:			9.5.6
Source:	MediaTek Inc.
Title:	RRM requirements for LTE NB-IoT/eMTC over NTN
Document for:	Discussion
[bookmark: _Ref118670256]Introduction
In this contribution, our views are provided on the topics of RRM requirements, as discuss in the WF [1] in the last RAN4 meeting, including the following aspects: 
· General discussion for NTN IoT specific topics, including
· measurement capability on number of NGSO satellites
· IDLE state mobility requirements, including
· transmission using preconfigured uplink resources (PUR)
· CONNECTED state mobility requirements, including
· RRC Re-establishment and RRC release with redirection
· Timing requirements and RLM, including
· R4-2211518 LS on UL Segmented Transmission. 
General discussion for RRM requirements
Measurement capability on number of NGSO satellites
For NGSO deployment, to address the complexity of large Doppler shift of NGSO satellite, the additional limitation on the number of satellites the UE needs to monitor per carrier is agreed as in the WF [1] in the last meeting.· Introduce UE capabilities on number of NGSO satellites that UE can monitor in total in addition to the baseline requirements.
· Minimum (baseline) requirements of UE monitoring multiple NGSO satellites per carrier in total should be discussed.
The following Tentative Agreement can be FFS in next meeting 
· For minimum (baseline) requirements for NB in IDLE and M1 in both IDLE and CONNCTED Proposal 2: For NB in IDLE and M1 in both IDLE and CONNCTED,
· for intra-frequency carrier, the number of target satellites UE needs to monitor is [2] including serving LEO satellite.
· for inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is [2] if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is [1] otherwise


The similar approach as in the existing TS36.133 LTE UE measurement capability as below can be followed, i.e. the baseline requirements per carrier can be captured in bullets and the total number in addition to the baseline requirement can be captured in addition. 4.2.2.9	UE measurement capability
For idle mode cell re-selection purposes, and for UE supporting ca-IdleModeMeasurements-r15 LTE CA or endc-IdleInactiveMeasFR1-r16 and/or endc-IdleInactiveMeasFR2-r16 MR-DC measurements, the UE shall be capable of monitoring at least:
-	Intra-frequency carrier, and
-	Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and
-	Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and
-	Depending on UE capability, 3 FDD UTRA carriers, and
-	Depending on UE capability, 3 TDD UTRA carriers, and
-	Depending on UE capability, 32 GSM carriers, and
-	Depending on UE capability, 3 cdma2000 1x carriers, and
-	Depending on UE capability, 3 HRPD carriers.
-	Depending on UE capability, 8 NR inter-RAT carriers.
-    ….
In addition to the requirements defined above, a UE supporting E-UTRA measurements and any of the above inter-RAT measurements excluding NR measurements in RRC_IDLE state shall be capable of monitoring a total of at least 8 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 cells), cdma2000 1x and HRPD layers.
…. 


It can be observed the total number could be less than the summation of all sub-bullets in the legacy, e.g. 1 intra + 3 FDD E-UTRA +  3 TDD E-UTRA + 3 FDD UTRA > 8 carrier frequency layers, and it is up to UE to select which one for measurement, depending on UE capability.
[bookmark: _Ref115465940]Proposal 1: In LEO deployments, for NB in IDLE and M1 in both IDLE and CONNCTED, the UE shall be capable of monitoring: 
· for intra-frequency carrier, the number of target satellites UE needs to monitor is  at least [2] including serving LEO satellite.
· for inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is at least [2] if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is at least [1] otherwise
· In addition to the requirements defined above, the UE which operates in LEO deployment shall be capable of monitoring a total of at least [the UE capabilities on number of NGSO satellites that UE can monitor in total] satellites including the serving satellite. 
Regarding the agreed UE capabilities on number of NGSO satellites that UE can monitor in total, the candidate values can be [2,3,4]. 
[bookmark: _Ref118731583]Proposal 2: In LEO deployments, the candidate values of the UE capabilities on number of NGSO satellites that UE can monitor in total can be [2,3,4].
IDLE state mobility requirements
Transmission using preconfigured uplink resources (PUR) 
The requirement regarding PUR has been discussed, as the lagacy RSRP based TA validation would not be necessary in NTN because the valid TA can be ensured during the UE pre-compensation. However, companies also pointed out the legacy procudre is not only for the TA validation but also for the channel condition checking. As it has not been found the critical issue on the legacy PUR requirement and it seems no harm to reuse the legacy requirement, although it would not be the most efficient way for NTN. 
Besides, timing used by PUR can refer to the UL timing requirement for the initial transmission as below, so the further clarification specific for PUR is not necessary. 7.20.2    Requirements  // for NB-IoT
The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value Te is specified in Table 7.20.2-1. This requirement applies when it is the first transmission in a DRX cycle or the first transmission in a repetition period (R>1) for NPUSCH and NPRACH, the first transmission after an uplink transmission gap in a repetition period (R>1) for NPUSCH and NPRACH transmission, or it is the transmission on PUR. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the serving NB-IoT cell minus 
…
7.24.2    Requirements // for M1
The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value Te is specified in Table 7.24.2-1. This requirement applies when it is the first transmission in a DRX cycle, eDRX_CONN cycle, or the first transmission in a repetition period (R>1) for PUCCH, PUSCH, and SRS, or the first transmission after an uplink transmission gap in a repetition period (R>1) for PUCCH or PUSCH, or it is the PRACH transmission, or it is the transmission on PUR. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the serving cell minus 

[bookmark: _Ref115466295]Proposal 3: The legacy RSRP-based TA validation is applicable for PUR in IoT NTN as baseline, for both GEO and LEO. 
[bookmark: _Ref118723151]Proposal 4: The UE is allowed to transmit PUR using the timing as specified in subclause 7.20A for NB-IoT and 7.24A for Cat-M1.
CONNECTED state mobility requirements
RRC Re-establishment and RRC release with redirection
In the last meeting, it discussed whether to introduce addition time, , as the waiting time for the epoch time indicated in the target cell’s Ephemeris after the UE acquiring the SIB, i.e. the UE would acquire SIB before the epoch time. In our understanding, it is a valid case as UE may acquire SIB before the epoch time and the residual error of timing pre-compensation would increase when the time is apart from the epoch time. In general, we are fine to consider , and it is zero if the epoch time is before the time that UE acquires NTN SIB. However, it also noted that the similar discussion also takes place in HO and in NR NTN, and it is preferred to have the same approach if any conclusion has reached.
[bookmark: _Ref118723154]Proposal 5: For RRC Re-establishment, RRC release with redirection, and HO, additional   can be considered for the time between the UE acquires the NTN SIB and the epoch time carried in the NTN SIB.  is zero if the epoch time is before the time that UE acquires NTN SIB. 
On other discussion whether to trigger RRC re-establishment before the expiry of serving cell coverage (‘t-Service’). In our understanding, the UE shall perform intra-frequency or inter-frequency measurements before the time t-Service but it is not necessary to trigger the RRC re-establishment right away, as the corresponding procedure should be specified in RAN2 first. 
[bookmark: _Ref118731328]Proposal 6: UE is not required to trigger RRC Re-establishment before t-Service. 
Timing requirements and RLM
[bookmark: _Ref118670312]UL Segmented Transmission   
[bookmark: _Hlk111149770]In the last timing, the timing requirement considering UL Segmented Transmission was agreed as in [1].
Issue 6-3: Time pre-compensation during a segment 
· Keep the legacy TN restriction and adopt the following text proposal for TS36.133
· For satellite access, when a repetition is configured on the uplink for which R > 1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission or at the start of a transmission segment boundary, as defined above


However, it may need to clarify the “initial transmission” in the above context should also include the first transmission in a repetition period (R>1) for NPUSCH and NPRACH, although“segmented UL transmission” are not applicable to NB GEO [2]. In other words, UE is allowed to adjust timing for the first transmission after an uplink transmission gap in a repetition period (R>1).  According to the UE transmit timing requirement as below, it can be observed the “initial transmission” include the following:
· the first transmission in a DRX cycle or the first transmission in a repetition period (R>1) (for NPUSCH and NPRACH), 
· the first transmission after an uplink transmission gap in a repetition period (R>1) (for NPUSCH and NPRACH transmission), 
· the transmission on PUR.
7.20.2    Requirements  // for NB-IoT
The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value Te is specified in Table 7.20.2-1. This requirement applies when it is the first transmission in a DRX cycle or the first transmission in a repetition period (R>1) for NPUSCH and NPRACH, the first transmission after an uplink transmission gap in a repetition period (R>1) for NPUSCH and NPRACH transmission, or it is the transmission on PUR. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the serving NB-IoT cell minus 
…
7.24.2    Requirements // for M1
The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value Te is specified in Table 7.24.2-1. This requirement applies when it is the first transmission in a DRX cycle, eDRX_CONN cycle, or the first transmission in a repetition period (R>1) for PUCCH, PUSCH, and SRS, or the first transmission after an uplink transmission gap in a repetition period (R>1) for PUCCH or PUSCH, or it is the PRACH transmission, or it is the transmission on PUR. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the serving cell minus 

[bookmark: _Ref118723159][bookmark: _Ref115466586]Proposal 7: RAN4 to confirm NB-IoT UE is allowed to adjust timing for the first transmission after an uplink transmission gap in a repetition period (R>1) for NPUSCH and NPRACH. 
[bookmark: _Ref118723161]Proposal 8: RAN4 to confirm Cat-M1 UE is allowed to adjust timing for the first transmission after an uplink transmission gap in a repetition period (R>1) for PUCCH or PUSCH. 

NGSO, impact of t-Service on RLM    
It has been discussed in the last meeting on whether to apply non-DRX requirements for a certain period before t-Service-r17, regardless the DRX configuration [1]. However, in our understanding, the same approach regardless t-Service can be reused and it is not necessary to always apply non-DRX requirements for a certain period before t-Service, as it can be up to UE implementation to perform RLM faster.  
[bookmark: _Ref118733503]Proposal 9: For NGSO and t-Service is provided, the RLM requirements for DRX is used is still applicable when the time is approaching to t-Service.
Summary
In this contribution, the RRM requirements for NB-IoT/eMTC over NTN has been discussed and views on the open issues are provided. The observations and proposals are summarized below: 
Proposal 1: In LEO deployments, for NB in IDLE and M1 in both IDLE and CONNCTED, the UE shall be capable of monitoring:
· for intra-frequency carrier, the number of target satellites UE needs to monitor is  at least [2] including serving LEO satellite.
· for inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is at least [2] if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is at least [1] otherwise
· In addition to the requirements defined above, the UE which operates in LEO deployment shall be capable of monitoring a total of at least [the UE capabilities on number of NGSO satellites that UE can monitor in total] satellites including the serving satellite. 
Proposal 2: In LEO deployments, the candidate values of the UE capabilities on number of NGSO satellites that UE can monitor in total can be [2,3,4].
Proposal 3: The legacy RSRP-based TA validation is applicable for PUR in IoT NTN as baseline, for both GEO and LEO.
Proposal 4: The UE is allowed to transmit PUR using the timing as specified in subclause 7.20A for NB-IoT and 7.24A for Cat-M1.
Proposal 5: For RRC Re-establishment, RRC release with redirection, and HO, additional   can be considered for the time between the UE acquires the NTN SIB and the epoch time carried in the NTN SIB.  is zero if the epoch time is before the time that UE acquires NTN SIB. 

Proposal 6: UE is not required to trigger RRC Re-establishment before t-Service.
Proposal 7: RAN4 to confirm NB-IoT UE is allowed to adjust timing for the first transmission after an uplink transmission gap in a repetition period (R>1) for NPUSCH and NPRACH. 
Proposal 8: RAN4 to confirm Cat-M1 UE is allowed to adjust timing for the first transmission after an uplink transmission gap in a repetition period (R>1) for PUCCH or PUSCH. 
Proposal 9: For NGSO and t-Service is provided, the RLM requirements for DRX is used is still applicable when the time is approaching to t-Service.
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