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1. Introduction
In RAN4#104-e meeting, the discussion on LTE IoT NTN RRM requirements was initiated, a WF was approved [1]. In this contribution, we further discuss the FFS issues.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk70326378]General
Measurement capability on number of NGSO satellites
· FFS For both NB and M1 in NGSO, the number of target satellites UE needs to monitor [per carrier] is 2 including serving LEO satellite.
· FFS whether to introduce UE capability for the number of target satellites the UE can monitor per carrier including serving LEO satellite, which can be up to 4
Due to the large Doppler differences between satellites, the number of satellite that UE could monitor is limited. The basic requirement from R17 NTN WI could be reused in LTE IoT-NTN, that for both NB and M1 in NGSO, the number of target satellites UE needs to monitor per carrier is 2 including serving LEO satellite. However, we are negative about introducing UE capability of monitoring more than 2 LEO satellites per carrier. On one hand, the power capability, memory capability, computing and processing capability of IoT terminals are very limited, especially for NB. It is not very possible for IoT UE to implement such UE capability. On the other hand, the commercial demand of such UE capability is not strong, since the IoT-NTN satellites more sparsely deployed compared with NTN. 
Proposal 1: For both NB and M1 in NGSO, the number of target satellites UE needs to monitor per carrier is 2 including serving LEO satellite. 
Proposal 2: For both NB and M1 in NGSO, no need to define requirements and UE capability of monitoring more than 2 LEO satellites per carrier. 
UE capability introduced in R17 NR NTN
· FFS whether to introduce the following UE capability, for LTE IoT NTN in Rel-18
· Enhanced RRM requirements for measurements in IDLE and INACTIVE modes
· Relaxed cell reselection on GEO 
· [bookmark: _Hlk115080191][bookmark: _Hlk115079968]Parallel measurements on multiple LEO satellites
For the first sub-bullet, there is no enhanced RRM measurement requirements in current spec for NB and M1 in IDLE and INACTIVE modes. Therefore, if such UE capability is introduced, the enhanced requirements should also be defined. The workload is quite large, we don’t support to introduce such UE capability due to limited TU for this WI.
For the second sub-bullet, we are fine to introduce UE capability of relaxed cell reselection on GEO, considering of power saving is one of key demands for IoT terminals.
For the third sub-bullet, we are also negative about introducing UE capability of parallel measurements on multiple LEO satellites, considering of limited capability of IoT terminal, power saving demand and sparse satellites deployment.
Proposal 3: Do not define requirements and UE capability of ‘Enhanced RRM requirements for measurements in IDLE and INACTIVE modes’ and ‘Parallel measurements on multiple LEO satellites’.
Proposal 4: Support to introduce UE capability of relaxed cell reselection on GEO.
3. IDLE state mobility requirements
NGSO, cell re-selection
· RAN4 to discuss which eDRX/DRX cycles to exclude due to the impact of Tservice (cell stop time) for serving cell and neighbour cell measurements in LEO. 
· [bookmark: _Hlk115080810]FFS whether to scaled up the existing TN delay requirements by KSatellite, where KSatellite is the number NGSO satellites.
· FFS: In NGSO, the cat-M/NB UE in IDLE mode is allowed to meet the relaxed neighbour cell measurement requirements provided that the UE has met the relaxed monitoring criterion and the serving cell is not going to stop serving the area in the next L1 number of DRX cycles; L1 is FFS.
· FFS: In NGSO, the cat-M/NB UE in IDLE mode is allowed to meet the relaxed serving cell measurement requirements provided that the UE has met the relaxed monitoring criterion and the serving cell is not going to stop serving the area in the next L2 number of DRX cycles; L2 is FFS.
In NR R17 NTN, UE is not required to fulfil the requirements for 2.56s DRX cycle length for earth-moving LEO deployment. We think similar rule can be reused for IoT NTN when DRX/eDRX cycle is larger than 2.56s.
Proposal 5: UE is not required to fulfil the requirements for earth-moving LEO deployment when DRX/eDRX cycle is longer than 2.56s.
When the case of cell stop time is broadcasted and applicable, the requirement applicability should be considered. Generally, we can follow the agreements in R17 NTN, when the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than cell-reselection monitoring time, the cell re-selection requirements should not be applied.
Proposal 6: When the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than cell-reselection monitoring time, the cell re-selection requirements should not be applied.
For the second bullet, whether the requirements should be scaled depends on UE capability. In our view, IoT terminals are not capable of parallel measurements on multiple LEO satellites, therefore the scaling factor KSatellite is needed, where KSatellite is the number of NGSO satellites that need to be measured by UE.
Proposal 7: Scaled up the existing TN delay requirements by KSatellite, where KSatellite is the number of NGSO satellites that need to be measured by UE.
4. CONNECTED state mobility requirements
RRC Re-establishment and RRC release with redirection
· Continue discussion the following aspect in the next meeting
· Whether the requirements of RRC Re-establishment and RRC release with redirection of TN can apply to IoT NTN not not.
· the impact of sharing factor regarding to number of NGSO satellites
· FFS on impact of serving cell coverage (Tservice) on RRC re-establishment and RRC connection release with redirection.
The general legacy TN requirement of RRC Re-establishment delay for NB and M1 UEs is Tre-establish_delay = TUL_grant + TUE_re-establish_delay. The TUE_re-establish_delay contains Tsearch, which is the time required by the UE to search the target cell.
If the target cell is unknown by UE, and UE is not capable of parallel measurements on multiple LEO satellites, the Tsearch should be scaled by NGSO satellites which is needed to be measured by UE. Therefore, we propose to introduce the scaling factor Ksatellite, and the TUE-re-establish_delay for different UE types should be modified as follows:
For NB-IoT UEs in normal coverage, 

For NB-IoT UEs in enhanced coverage, 

For Cat-M1 UEs in CEModeA, 

For Cat-M1 UEs in CEModeB, 

In above formulas, 
· Ksatellite,i = 1, if target cell is known or GSO satellites are measured on the carrier i;
· Ksatellite,i = number of LEO satellites to be measured, if NGSO satellites are measured on the carrier i.
Proposal 8: For RRC Re-establishment requirement, if UE is not capable of parallel measurements on multiple LEO satellites, the Tsearch should be scaled by Ksatellite. For each frequency,
· Ksatellite,i = 1, if target cell is known or GSO satellites are measured on the carrier i;
· Ksatellite,i = number of LEO satellites to be measured, if NGSO satellites are measured on the carrier i
Regarding the legacy TN requirement of RRC Connection Release with Redirection for M1 UE, which is Tconnection_release_redirect_E-UTRA cat-M1 = TRRC_procedure_delay + Tidentify-E-UTRA cat-M1 + TSI-E-UTRA cat-M1 + TRA cat-M1. Among the parameters, Tidentify-E-UTRA cat-M1 is the time required to identify the target E-UTRA cell, it shall be less than 960 ms for legacy. 
In our view, If UE is not capable of parallel measurements on multiple LEO satellites, the Tidentify-E-UTRA cat-M1 should be scaled by NGSO satellites which is needed to be measured by UE. Therefore, we propose to introduce the scaling factor Ksatellite. 
· Ksatellite = 1, if GSO satellites are measured on the carrier
· Ksatellite = number of LEO satellites to be measured, if NGSO satellites are measured on the carrier
Proposal 9: For RRC release with redirection requirement of M1 UE, if UE is not capable of parallel measurements on multiple LEO satellites, the Tidentify-E-UTRA cat-M1 should be scaled by Ksatellite. 
· Ksatellite = 1, if GSO satellites are measured on the carrier
· Ksatellite = number of LEO satellites to be measured, if NGSO satellites are measured on the carrier
Regarding the legacy TN requirement of RRC Connection Release with Redirection for NB UE, we think the legacy TN requirements can be directly applied.
Proposal 10: For RRC release with redirection requirement of NB UE, the legacy TN requirements can be applied. 
5. Timing requirements and RLM
UE transmit timing (Te) requirement
· The reference time point for Te_NTN
· Option 1: The reference point for Te_NTN should be the downlink timing of the reference cell minus (NTA + NTA-offset + NTA,common + NTA,UE-specific)×Ts
· Option 2: The reference point for Te should be the downlink timing of the reference cell minus the UE UL timing. FFS the UE UL timing. 
· Whether to relaxed Te by considering GNSS estimation accuracy
· Option 1: no
· Option 2: yes
· FSS whether and how to relax the GNSS estimation accuracy
According to the agreement in RAN1#106-e, UE perform UL timing pre-compensation is supported.
	Agreement:
The following agreement from NR NTN are re-used for IoT NTN as working assumption
a) In Rel-17 IoT-NTN, at least support UE which can compute timing advance and frequency adjustment for serving link based on its GNSS position and serving satellite ephemeris signalled by the network and apply corresponding timing advance and frequency adjustment in RRC_IDLE and RRC_CONNECTED modes
Agreement:
The following agreements from NR NTN are re-used for IoT NTN as working assumption.
a) Timing Advance formula can be transposed to IoT-NTN with Ts used instead of Tc 
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 


Based on the agreement from RAN1, the reference point for UE transmit timing requirement shall be revised. Generally, we support Option 1 here, with a minor modification of parameters’ name.
Proposal 11: The reference point for Te_NTN should be the downlink timing of the reference cell minus 
Similar as R17 NTN, the additional error due to GNSS error and satellite position calculation error should be introduced to Te_NTN. We think the extended value can reuse NTN assumption in 15kHz SCS case, which is 17Ts.
Therefore, 
· For NB, Te_NTN = 80+17 = 97 Ts
· For M1 CE Mode A, Te_NTN: 24+17 = 41 Ts
· For M1 CE Mode B, Te_NTN: 48+17 = 65 Ts 
Proposal 12: Compared with the Te in each case, Te_NTN should be extended by 17Ts.
Gradual timing adjustment
· FFS For gradual timing adjustment, the reference timing shall be (NTA + NTA-offset + NTA,common + NTA,UE-specific)×Ts before the downlink timing of the reference cell. Clarify the adjustment with “apart from a change of NTA,UE-specific and NTA,common”
· FFS the gradual timing adjustment figures (max step size, max, min rate etc)
· FFS the impact of “segmented UL transmission
For gradual timing adjustment, the adjustment should be clarified with “apart from a change of  and ” to avoid the conflict between open-loop TA and close-loop TA as we discussed in R17 NTN. Since the variations from  and  are not accounted to gradual timing adjustment, the legacy minimum/maximum aggregate adjustment rate and maximum adjustment step size can be reused.
Proposal 13: For gradual timing adjustment, the adjustment requirement should be clarified with “apart from a change of  and ”
Proposal 14: For gradual timing adjustment, the legacy minimum/maximum aggregate adjustment rate and maximum adjustment step size can be reused.
Here, we discuss the influence for timing related requirements by segmented UL transmission. Refer to 36.321 Subclause 4.2.3, the RAN1 design about segmented UL transmission is as follows:
	For a BL/CE UE communicating over NTN, time and frequency pre-compensation is adjusted per uplink segment with a transmission duration of  time units, where the quantity  is provided by system information, as specified in 3GPP TS 36.331.


Based on our understanding about RAN1’s design, UE is allowed to perform the timing pre-compensation in the beginning of each segment within a repetition period. Therefore, the Te_NTN requirement applies when it is the first transmission in each segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC in a repetition period. For gradual timing adjustment, the UE is capable of adjusting the uplink transmission timing autonomously in the beginning of each transmission segment boundary.
[bookmark: _Hlk115373468]Proposal 15: The Te_NTN requirement applies when it is the first transmission in each segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC in a repetition period.
Proposal 16: For gradual timing adjustment, the UE is capable of adjusting the uplink transmission timing autonomously in the beginning of each transmission segment boundary.
6. Measurement requirements
M1, Measurement requirement
· eMTC over NTN, re-use the TN measurement delay requirements for NTN as baseline, and the scaling factor for measurement of multiple LEO satellites should also apply
· FFS the following proposals
· For M1 in GEO, the existing M1 TN intra frequency measurement requirements apply, as in 8.13.2.1 for CE mode A and 8.13.3.1 for CE mode B
· For M1 in GEO, the existing M1 TN inter frequency requirements apply, as in 8.13.2.6 for CE mode A and 8.13.3.5 for CE mode B.
· For M1 in NGSO, the delay requirements are scaled up by the number NGSO satellites.
We support the proposals above. First, in our view, UE is not capable of parallel measurements on multiple LEO satellites. Therefore, for M1 in NGSO scenario, the measurement requirements should be scaled by Ksatellite. Ksatellite = number of LEO satellites to be measured.
Proposal 17: 
· For M1 in GEO, the existing M1 TN intra frequency measurement requirements apply, as in 8.13.2.1 for CE mode A and 8.13.3.1 for CE mode B
· For M1 in GEO, the existing M1 TN inter frequency requirements apply, as in 8.13.2.6 for CE mode A and 8.13.3.5 for CE mode B.
· For M1 in NGSO, the delay requirements are scaled up by the number NGSO satellites to be measured.
M1, Measurement Gap
· For M1 over NTN, a single MG is considered as baseline for RRM measurement. 
· FFS whether to consider 2 MGs. 
With limited IoT terminal capability and sparse IoT satellite deployment, we think a single MG is more suitable for IoT-NTN RRM measurement.
Proposal 18: For M1 over NTN, consider one single MG for RRM measurement.
7. Conclusion
In this contribution, we discuss the IoT-NTN impact on RRM requirements. The proposals are:
Proposal 1: For both NB and M1 in NGSO, the number of target satellites UE needs to monitor per carrier is 2 including serving LEO satellite. 
Proposal 2: For both NB and M1 in NGSO, no need to define requirements and UE capability of monitoring more than 2 LEO satellites per carrier. 
Proposal 3: Do not define requirements and UE capability of ‘Enhanced RRM requirements for measurements in IDLE and INACTIVE modes’ and ‘Parallel measurements on multiple LEO satellites’.
Proposal 4: Support to introduce UE capability of relaxed cell reselection on GEO.
Proposal 5: UE is not required to fulfil the requirements for earth-moving LEO deployment when DRX/eDRX cycle is longer than 2.56s.
Proposal 6: When the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than cell-reselection monitoring time, the cell re-selection requirements should not be applied.
Proposal 7: Scaled up the existing TN delay requirements by KSatellite, where KSatellite is the number of NGSO satellites that need to be measured by UE.
Proposal 8: For RRC Re-establishment requirement, if UE is not capable of parallel measurements on multiple LEO satellites, the Tsearch should be scaled by Ksatellite. For each frequency,
· Ksatellite,i = 1, if target cell is known or GSO satellites are measured on the carrier i;
· Ksatellite,i = number of LEO satellites to be measured, if NGSO satellites are measured on the carrier i
Proposal 9: For RRC release with redirection requirement of M1 UE, if UE is not capable of parallel measurements on multiple LEO satellites, the Tidentify-E-UTRA cat-M1 should be scaled by Ksatellite. 
· Ksatellite = 1, if GSO satellites are measured on the carrier
· Ksatellite = number of LEO satellites to be measured, if NGSO satellites are measured on the carrier
Proposal 10: For RRC release with redirection requirement of NB UE, the legacy TN requirements can be applied. 
Proposal 11: The reference point for Te_NTN should be the downlink timing of the reference cell minus 
Proposal 12: Compared with the Te in each case, Te_NTN should be extended by 17Ts.
Proposal 13: For gradual timing adjustment, the adjustment requirement should be clarified with “apart from a change of  and ”
Proposal 14: For gradual timing adjustment, the legacy minimum/maximum aggregate adjustment rate and maximum adjustment step size can be reused.
Proposal 15: The Te_NTN requirement applies when it is the first transmission in each segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC in a repetition period.
Proposal 16: For gradual timing adjustment, the UE is capable of adjusting the uplink transmission timing autonomously in the beginning of each transmission segment boundary.
Proposal 17: 
· For M1 in GEO, the existing M1 TN intra frequency measurement requirements apply, as in 8.13.2.1 for CE mode A and 8.13.3.1 for CE mode B
· For M1 in GEO, the existing M1 TN inter frequency requirements apply, as in 8.13.2.6 for CE mode A and 8.13.3.5 for CE mode B.
· For M1 in NGSO, the delay requirements are scaled up by the number NGSO satellites to be measured.
Proposal 18: For M1 over NTN, consider one single MG for RRM measurement.
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