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1	Introduction
In the last RAN4 meeting a WF to specify necessary RRM requirements for the enhancements of IoT NTN operation for eMTC and NB-IoT was approved [1]. In this contribution we further analyze the RRM requirements to support these enhancements based on the open issues identified in this WF. 
[bookmark: _Ref178064866]2	Discussion on core part 
2.1	IDLE mode measurement 
Location-based triggering of neighbour cell measurements
In the last RAN4 meeting the following was agreed regarding the location-based triggering of neighbour cell measurements [1]:
	Issue 2-2: Location-based triggering cell reselection measurements 
Agreement: 
· For IDLE mode neighbour cell measurements for eMTC and NB-IoT, the location-based measurement initiation condition for NR-NTN in R18 (in clause 4.2C.2.3 and 4.2C.2.4 in TS 38.133) can be reused with necessary modifications of parameters names
· Note:
· Requirements apply for quasi-fixed cell and earth-moving cell
· For defining the requirements for earth-moving cell, further discuss based on the agreement from R18 NR NTN.
· margin for distanceThresh is discussed in other issue



Based on the above agreements, the location-based measurement triggering conditions from Rel-18 NR NTN are reused but editorial changes (e.g. parameter names). It is recalled that the NR NTN requirements contain requirements on location accuracy, i.e. the requirements apply provided that the distance between the UE and serving cell reference location exceeds distanceThresh by a margin of 50 ms. It was discussed whether the same accuracy requirements can be reused for IoT NTN. Since the location is determined using similar GNSS modules as NR NTN and GNSS measurements used for the location is similar to those used by NR NTN, it is reasonable to reuse the legacy location accuracy requirements from NR NTN.  
Proposal 1 The location accuracy of 50 meter used for comparing the distanceThresh from NR NTN is reused for IoT NTN (eMTC and NB-IoT).  
2.2	CONNECTED mode measurements 
Conditional handover for eMTC
Conditional handover requirements based on location-based trigger was agreed for eMTC as follows [1]:
	Agreement: 
· Introduce CHO requirements for NTN eMTC with time and location-based trigger conditions. DCHO = TRRC + Tmeasure + TEvent_DU +Tinterrupt + TCHO_execution
Where:
· TRRC is the RRC procedure delay
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
· Tmeasure is the measurements time. Tmeasure=0 if only condEventD1 or condEventT1 is configured.
· TCHO_execution is the conditional execution preparation time
· Tinterrupt is the interruption time.
· FFS Update Tinterrupt to include Tsearch, based on handover interruption requirement as in
· 5.5A.2.1.2	Interruption time for CEMode A
· 5.5A.3.1.2	Interruption time for CEMode A



However, it is noted that the definition of Tinterrupt is unresolved, i.e. the issue is related to whether to include Tsearch time in Tinterrupt. Since it is the conditional handover, our view is that the UE is already prepared for the handover and UE has already knowledge about the target cell. Therefore, there is no need to include additional delay for cell search. This is also aligned with how the conditional handover requirements were previously defined in the specification, see for example clause 5.1.2.6 in TS 38.133 or clause 6.1.4 in TS 38.133.  
Proposal 2 The interruption time in conditional handover requirements shall not include Tsearch.

Neighbour cell measurements for NGSO 
Measurements of neighbour cells managed by NGSO satellites was discussed at last RAN4 meeting which resulted in following two options [1]:
	Issue 3-0 (new): For NGSO, neighbor NGSO satellite measurement in connected mode
Discuss the following options until next meeting:
· Option 1: For NB-IoT, best effort measurement for inter-satellite neighbor NGSO satellite for intra-frequency measurement, similar to inter-frequency.  
· Option 2: other options are not precluded. 


Since measurement gaps are not supported for NB-IoT in CONNECTED mode, conditions for when the UE can still perform cell detections and measurements on inter-frequency carriers were identified as follows [2]:
	-	MOdetect_inter_NB1-NC are time occasions containing NPSS/NSSS and fulfil the following conditions:
-	Resources on which the UE is not scheduled for data transmission or reception, 
-	Resources on which the UE is not required to do NPDCCH monitoring, 
-	Resources occurring during the DRX inactive period
-	Length of MOdetect_inter_NB1-NC  is at least 200 ms.
……..
MOmeasure_inter_NB1-NC are time occasion containing at least NRS or NSSS that fulfil the following conditions:
-	Resources on which the UE is not scheduled for data transmission or reception, 
-	Resources on which the UE is not required to do NPDCCH monitoring, 
-	Resources occurring during the DRX inactive period,
-	Length of MOmeasure_inter_NB1-NC  is at least 50 ms.


In our view, the scenario of issue 3-0 in [1] is different from the legacy CONNECTED mode inter-frequency neighbour cell measurement requirements. In legacy, the measured cell is always present and the issue is when the UE is able to measure on those. Therefore, the legacy conditions may not apply for the case when the measured cell belongs to an intra-frequency carrier but managed by satellite different from the current serving satellite. It is recalled that t-ServiceStartNeigh is signaled to the UE which indicates when a neighbour cell will be available for service. Therefore the legacy intra-frequency neighbour cell measurements requirements can be applied provided that the cell is available as indicated by t-ServiceStartNeigh.
Proposal 3 For intra-frequency neighbour cells managed by a satellite different from the serving satellite, the legacy requirements apply provided that cell is available as indicated by t-ServiceStartNeigh.

Time-based neighbour cell measurements 
RAN4 discussed the time-based neighbour cell measurements; more specifically, when to start the neighbour cell measurements before reaching t-Service is reached which resulted in following outcome [1]:
	Issue 3-2-1: Time-based triggering Neighbour cell measurements in connected mode for NB-IoT - requirement
Agreement:
· For NB-IoT, time-based (t-Service) measurement initiation requirements apply to earth fixed cell.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
· For earth moving cell, UE shall initiate the measurement before losing its coverage and this needs to reflected in RAN4 requirements.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
Issue 3-3-1: Time-based triggering Neighbour cell measurements in connected mode for eMTC – applicability 
Agreement: 
· For eMTC, time-based (t-Service) measurement initiation requirements apply to earth fixed cell.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
· For earth moving cell, UE shall initiate the measurement before losing its coverage and this needs to reflected in RAN4 requirements.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
· Further discuss for time-based neighbor cell measurement, requirements apply for the eMTC UE provided the measurement gaps are configured. 



From RAN4 measurement perspective, it is beneficial for the UE to start the measurements at least certain time before start of t-Service in order to have a complete measurement before entering the discontinuous coverage. Otherwise, if the measurements are not started early enough (e.g. very close in time to t-Start) then the UE may not have sufficient time to collect the number of samples needed to perform the averaging and have a complete measurement ready. In this case, the UE may need to discard the already started measurements and collected samples since it failed to complete the measurement before the t-Service. This may have negative impact on the UE power consumption and should be avoided especially given that these are IoT devices designed for long battery life. Hence, it is essential to start the neighbour cell measurements at least time T1 before start of t-Service, where T1 corresponds to number of samples (i.e. measurement period from legacy requirements) needed to perform the measurements 

Proposal 4 For eMTC and NB-IoT, the UE shall start the intra-frequency neighbour cell measurements at least time T1 before t-Service, where T1 is the time required to perform one intra-frequency neighbour cell measurement.
In addition, it is noted that the RAN4 agreements shown above are defined using the terminologies earth-fixed cell and earth-moving cells which are currently not used in the IoT NTN RRM requirements. RRM requirements are differentiated based on satellite types, GSO and NGSO. We propose to maintain this approach of defining requirements which is also in line with how the NR NTN requirements were defined.
Proposal 5 For eMTC and NB-IoT, RAN4 to maintain defining of RRM requirements based on satellite type (GSO, NGSO). 
Regarding the use of gaps for time-based measurements, RAN2 has agreed to introduce t-ServiceStart for neighbour cells which indicates when incoming satellite starts serving the area. This means before reaching t-ServiceStart there will not be any coverage and hence configured measurement gaps cannot be utilized and will be wasted, see Figure 1 where it is shown that the first three measurement gap occasions are wasted since they occur before t-ServiceStart.  


Figure 1 Period measurement gaps occurring before t-ServiceStart 
Observation 1: If t-ServiceStart is provided for a neighbour cell, the configured measurement gaps occurring until t-ServiceStart will be wasted due to no coverage. 
One straightforward action is to suspend the measurement gap pattern configured for performing measurements until time indicated by the parameter t-ServiceStart is reached. This would allow the NW to schedule the UE during this time period since the UE anyways won’t be able to perform any neighbour cell measurements. 
Proposal 6 [bookmark: _Toc142645351]If t-ServiceStart is provided, measurement gap pattern(s) configured for neighbour cell measurements are suspended until time t-ServiceStart.

Use of gaps was discussed for location-based triggering of neighbour cell measurements since gaps are typically used for CONNECTED mode eMTC neighbour cell measurements. It is our understanding that eMTC neighbour cell measurement using location-based trigger are performed during inactive time period similar to those defined in clause 8.14.6 in TS 36.133 for NB-IoT in Rel-17. Therefore no gaps are expected to be configured; however, the conditions for when the neighbour cell measurements can be performed without gaps may need modifications. This problem does not apply to NB-IoT since those measurements are performed without gaps. 
Proposal 7 For eMTC location-based triggering of neighbour cell measurements, RAN4 to discuss the conditions on when the neighbour cell measurements can be performed without gaps. The NB-IoT conditions defined in clause 8.14.6 in TS 36.33 is used as baseline. 

Specification impact of GNSS measurements in CONNECTED mode was discussed with following outcome [1]:
	Issue 5-1&5-2: GNSS gap, spec impact
Discuss the following options until next meeting.
· Option 1: add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.
· Option 2: The measurement delay requirements are extended by the duration of the GNSS-MG. 
· When the UE triggers an early termination of the GNSS-MG, the measurement delay requirements are extended by the duration of the early-terminated GNSS-MG.
· Option 3: The measurement delay requirements are suspended until the termination of the GNSS-MG.



It needs to be clarified what requirements are affected by this issue. Our understanding is that RLM evaluation period requirements as well as RRM measurement requirements including serving and neighbour cell measurements can be impacted due to the 1 receive branch and use of gaps. It is recalled that the gaps used for GNSS reacquisition can be considerably long (e.g. up to 31 seconds) compared to the classical measurement gaps (6 ms) used for RRM measurements. Therefore, following option 1 results in ambiguous requirements and the delay requirements become variable over a long period. In our view, option 2 is not a viable option since the usefulness of such measurements performed e.g. 30 seconds later in time due to collision with GNSS gaps can be questionable. We support option 3 which introduces more concrete requirements and is also aligned with RAN4 agreement that if gaps configured for reacquiring GNSS and gaps configured for mobility measurements at least partially overlap in time with each other, then UE shall suspend the gaps configured for the mobility measurements and instead prioritize the use of GNSS gaps [1].  

Proposal 8 Measurements that occur during GNSS reacquisition time period using gaps are suspended. 

Enhancements to discontinuous coverage
RAN2 has agreed to signal the carrier frequency information of the neighbour cells in SIB32 to enable the UE to determine similarities between the cells before and after a NTN coverage gap, see the agreement [RAN2#123bis]:
Agreements:
1. Provide carrier frequency for the existing satellite list in SIB32 to facilitate cell selection and reduce service interruption after an NTN coverage gap (FFS if the information can be considered as valid after the validity of SI)

The signaled information is shown below from the running CR [Running CR of 36.331 for Introduction of IoT NTN enhancements]: 
	SystemInformationBlockType32 field descriptions

	carrierFreqList
Includes a list of E-UTRA frequencies. Each entry identifies the carrier frequency of a satellite, which corresponds to one SatelliteInfo entry in the SatelliteInfoList.



The motivation is to assist the UE in accelerating the measurements and regaining the synchronization more efficiently after a coverage gap, this way the total interruption time between cell changes can be reduced. One specific type of procedure which can be enhanced based on the signaled information is the RRC re-establishment as exemplified below.
With the additional information provided in SIB32 [2], the UE has knowledge about the carrier frequency and satellite information such as ephemeris, satellite ID of the neighbour cell. The RRC re-establishment delay requirements can be defined based on the whether the current and target cells are associated with the same or different carrier frequency. 
The legacy RRC re-establishment delay is defined as follows [2]:
	6.5A.2.1	UE Re-establishment delay requirement in normal coverage
The UE re-establishment delay (TUE_re-establish_delay_NB-IoT) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 36.331 [2] is detected by the UE to the time when the UE sends PRACH preamble to the target cell. The UE re-establishment delay (TUE_re-establish_delay_NB-IoT) requirement shall be less than:

-	Tsearch_NB1-NC,i: It is the time required by the UE to search the target cell:
-	If the target cell is known, then Tsearch_NB1-NC,i = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch_NB1-NC,i = Ksatellite *80 ms. Otherwise, Tsearch_NB1-NC,i = Ksatellite,i *1400 ms. Where Ksatellite,i is defined as the number NGSO satellites to be measured on i-th frequency for RRC re-establishment. Ksatellite,i = 1, if GSO satellite(s) is/are measured on the carrier. Ksatellite,i equals to the number NGSO satellites to be measured on the carrier if NGSO satellites are monitored.
……




It is observed that the cell search time is function of Ksatellite,i which equals to the number NGSO satellites to be monitored. If the carrier information in carrierFreqList indicates that the target cell is belongs to the same carrier as serving cell, then Ksatellite,I can be set to 1 since UE can exclude search on that carrier. Otherwise, Ksatellite,I shall correspond to the number of NGSO satellites the UE shall monitor. This will reduce the cell change time and reduce the serving interruption time which is why carrierFreqList is introduced. 

Proposal 9 If the carrierFreqList in SIB32 indicates that current and target cells belong to the same carrier, then Ksatellite,I can be set to 1. Otherwise, Ksatellite,I shall correspond to the number of NGSO satellites the UE shall monitor.

Similar changes can be adopted for RRC connection release with redirection requirements which can be discussed based on outcome of proposal 9. A companion CR is provided to capture the above change. 
Conclusion
In this contribution we have discussed and provided our view on the remaining RRM issues related to the core requirements for IoT NTN enhancements based on the way forward document agreed at last meeting. Based on the discussions, we have made following proposals:

Proposal 1 The location accuracy of 50 meter used for comparing the distanceThresh from NR NTN is reused for IoT NTN (eMTC and NB-IoT).  
Proposal 2 The interruption time in conditional handover requirements shall not include Tsearch.
Proposal 3 For intra-frequency neighbour cells managed by a satellite different from the serving satellite, the legacy requirements apply provided that cell is available as indicated by t-ServiceStartNeigh.
Proposal 4 For eMTC and NB-IoT, the UE shall start the intra-frequency neighbour cell measurements at least time T1 before t-Service, where T1 is the time required to perform one intra-frequency neighbour cell measurement.
Proposal 5 For eMTC and NB-IoT, RAN4 to maintain defining of RRM requirements based on satellite type (GSO, NGSO). 
Proposal 6 If t-ServiceStart is provided, measurement gap pattern(s) configured for neighbour cell measurements are suspended until time t-ServiceStart.
Proposal 7 For eMTC location-based triggering of neighbour cell measurements, RAN4 to discuss the conditions on when the neighbour cell measurements can be performed without gaps. The NB-IoT conditions defined in clause 8.14.6 in TS 36.33 is used as baseline. 
Proposal 8 Measurements that occur during GNSS reacquisition time period using gaps are suspended. 

Proposal 9 If the carrierFreqList in SIB32 indicates that current and target cells belong to the same carrier, then Ksatellite,I can be set to 1. Otherwise, Ksatellite,I shall correspond to the number of NGSO satellites the UE shall monitor.
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