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Introduction
[bookmark: _Ref118374994]In this contribution, our views on IoT NTN enhancement are provided. 
Clarification on K_satellite
NB-IoT: Scaling factor for multiple NGSO satellites for inter-frequency measurement
In RAN4#108 [1], it has been agreed to introduce the scaling factor for multiple NGSO satellites for inter-frequency measurement.· Agreements
· For NB-IoT inter-frequency measurements in connected mode, introduce a scaling factor Ksatellite as the number of NGSO satellites to be measured on one carrier.


One example is provided below to capture the K_satellite. 
According to 8.14.6.4 Inter-frequency neighbour cell measurements, 36.133, the identification period is 
Tidentify _inter_NB1-NC = Tdetect_inter NB1-NC + Tmeasure _inter NB1-NC
where Tdetect_inter NB1-NC  and Tmeasure _inter NB1-NC can be updated as follows:
 ms
 ms

[bookmark: _Ref134710774][bookmark: _Ref146637939]Proposal 1: For NTN NB-IoT inter-frequency measurement in connected mode, update Tdetect_inter NB1-NC  and Tmeasure _inter NB1-NC as
·  ms
·  ms

General clarification on K_satellite
In the current 36.133, the Kasatellite is captured as below: 
The parameter Ksatellite is the scaling factor for measurements corresponding to multiple NGSO satellites. Ksatellite = 1, if GSO satellite(s) is/are measured on the carrier. Ksatellite equals to the number NGSO satellites to be measured if NGSO satellites are monitored.
It has been discussed the further clarification for it as [1]: FFS how clarify the value of K_satellite.
· Option 1: For each inter-frequency carrier 
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.
· Other options are not precluded.

Before t-ServiceStartNeigh, considering only 1 serving satellite which need to be monitored by UE, the K_satellite can be 1.  FFS how clarify the value of K_satellite.
· Option 1: For each inter-frequency carrier 
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.
· Other options are not precluded.

[bookmark: _Ref146735204]Proposal 2: Before t-ServiceStartNeigh, only exists 1 satellite which need to be monitored by UE and K_satellite = 1. 
NB location-based cell reselection 
In the RAN2 running CR for 36.304 [3], the location based cell reselection is supported, and the UE may not perform intra/inter-frequency measurements if the distance between UE and serving cell reference location is shorter than distanceThresh.  Besides, the current serving cell reference location is derived based on the ephemeris satellite assistance information and referenceLocationInfo by UE implementation. 
[bookmark: _Toc130934837]5.2.4.2a	Measurement rules for cell re-selection for NB-IoT
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP , the UE may choose not to perform intra-frequency measurements.
- If distanceThresh and referenceLocation are broadcasted in SystemInformationBlock31-NB, and if UE supports location-based measurement initiation and has obtained its location:
- If the distance between UE and serving cell reference location is shorter than [distanceThresh] the UE may choose not to perform intra-frequency measurements.
- Else, the UE shall perform intra-frequency measurements.
  - Else, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NB-IoT inter-frequencies which are indicated in system information:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP:, the UE may choose not to perform inter-frequency measurements.
- If distanceThresh and referenceLocation are broadcasted in SystemInformationBlock31-NB, and if UE supports location-based measurement initiation and has obtained its location:
- If the distance between UE and serving cell reference location is shorter than [distanceThresh] the UE may choose not to perform intra-frequency measurements.
- Else, the UE shall perform inter-frequency measurements.
   - Else, the UE may choose not to perform inter-frequency measurements.
-	Otherwise, the UE shall perform inter-frequency measurements.
-	If the UE supports relaxed monitoring and s-SearchDeltaP is present in SystemInformationBlockType3-NB, the UE may further limit the needed measurements, as specified in clause 5.2.4.12.
If t-Service is present in SystemInformationBlockType3-NB of the serving cell, UE shall perform intra-frequency or inter-frequency measurements before the time t-Service regardless whether the serving cell fulfils Srxlev > SIntraSearchP or Srxlev > SnonIntraSearchP. The exact time to start measurements before t-Service is up to UE implementation.

Editor Note: When evaluating the distance-based condition, the current serving cell reference location is derived based on the satellite assistance information and [referenceLocationInfo ] by UE implementation.
Editor Note: FFS Use of new parameter for moving reference location in this section based on new system information parameter and UE capability related to different scenarios.


[bookmark: _Ref146726206]Proposal 3: In IDLE mode, if distanceThresh and referenceLocation are broadcasted, and if UE supports location-based measurement initiation and has obtained its location, the UE may not perform intra/inter-frequency measurements if the distance between UE and serving cell reference location is shorter than distanceThresh.  
Neighbour cell measurements in connected mode 
[bookmark: _Hlk142556998]Time-based triggering
The UE measurement behavior regarding t-Service and t-ServiceStartNeigh are discussed in [1]: · Agreements
· For NB-IoT in quasi-earth fixed cell introduce time-based triggering in core spec according to RAN2’s design. 
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is FFS
· Option 1: left up to UE implementation
· if t-ServiceStartNeigh is present the behavior is FFS
· Option 1: UE implementation can decide to start measurements upon or after t-ServiceStartNeigh;
· FFS whether to apply the same requirements to earth-moving cell.
· FFS on requirements for the case of intra-frequency measurement for LEO case and when neighbor cell belongs to different satellite


Regarding the time-based NB-IoT neighbor cell measurements in connected mode, the UE shall start intra/inter frequency measurement in connected mode before the t-Service if present and the exact time to start measurements in connected mode before t-Service can be left to UE implementation, as in the RAN2 running CR for 36.331 [2]:  
// 5.5.8	Measurements in NB-IoT, TS 36.133

While in RRC_CONNECTED mode, the UE shall:
1>	if t-Service is present in SystemInformationBlockType3-NB:
2>	perform intra-frequency measurements or inter-frequency measurements before t-Service, the exact time to start measurements is left to UE implementation;
2>	if t-ServiceStartNeigh is present in SystemInformationBlockType3-NB, UE implementation can decide to start measurements upon or after t-ServiceStartNeigh;
t-Service
Time information on when a NTN quasi-Earth fixed cell is going to stop serving the area it is currently covering, as specified in TS 36.304 [4].
t-ServiceStartNeigh
Time information on when an NTN quasi-Earth fixed neighbour cell is going to start serving the area covered by the current serving cell.



Besides, the quasi-Earth fixed cell and earth-moving cell could be transparent in 36.133, as t-Service and t-ServiceStartNeigh have been clearly stated in 36.331.
[bookmark: _Ref146637839]Proposal 4: For NB-IoT NTN, introduce time-based triggering in core spec
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is left up to UE implementation.
· if t-ServiceStartNeigh is present, UE implementation can decide to start measurements upon or after t-ServiceStartNeigh.

Location-based triggering
Regarding the location-based triggering cell measurements in connected mode, if referenceLocation and distanceThresh, as in the RAN2 running CR for 36.331 [2], are present in SystemInformationBlockType31(-NB), the UE is required to perform intra/inter-frequency measurements the distance between UE and serving cell reference location is above distanceThresh. 

 
	SystemInformationBlockType31-NB field descriptions

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE (as specified in TS 36.304 [4]) and RRC_CONNECTED. Each step represents 50m.

	referenceLocation
Reference location of the NTN quasi-earth fixed cell or earth moving cell, used in location-based measurement initiation in RRC_IDLE (as specified in TS 36.304 [4]) and RRC_CONNECTED. If configured by an earth moving cell, the broadcast reference location corresponds to the epoch time, and the UE derives the real-time reference location based on the serving satellite ephemeris.





It can be observed that the UE is not required to update the GNSS location for Location-based connected mode measurement initiation. Besides, a margin should be considered for the distanceThresh of serving for detecting when to trigger connected mode measurements. The legacy value of 50 m can be considered as a starting point. However, extra margin also needs to be considered as the UE is not required to update the GNSS location for Location-based connected mode measurement initiation, as agreed in Agreements in RAN2#121[4]. 

[bookmark: _Ref124344551][bookmark: _Ref126232029][bookmark: _Ref134710780]Observation 1: UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
[bookmark: _Ref146637843][bookmark: _Hlk142993526]Proposal 5: For location-based triggering neighbour cell measurements in connected mode, the requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 + X m, where X = [50], as the UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
GNSS re-acquisition
The RRM requirement impact due to GNSS re-acquisition has been discussed [1], and the RLM monitoring is suspended during GNSS-MG. The GNSS MG length can be ranged from 1 to 31 secs, and the UE is not expected to perform RRM measurement and GNSS measurement simultaneously. Thus, in general, the RRM measurement is also suspended when a UE is measuring the GNSS in a GNSS-MG until the UE has required the GNSS successfully. 
Besides, how to capture the deterministic period or only capture a generic description have been discussed. To keep the simplicity and readability of specification, we think to add generic description is sufficient.  · Further discuss the impact on RRM requirements, including CONNECTED mode mobility.
· RAN4 to discuss the impact of GNSS re-acquisition on the measurement gaps configured for mobility measurements for eMTC in CONNECTED mode
· Option 1: Measurement gaps configured for mobility measurements are suspended.
· Option 2: GNSS measurement gaps are suspended.
· Further discuss the following proposals on how to capture in RRM specification:
· Option 1: add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.
· Option 2: Wait for further progress from other WGs.

[bookmark: _Ref146637880]Proposal 6: (Option 1) add generic description that the measurement delay could be longer if GNSS fix happens during measurement period. 

For eMTC, another discussion is when the GNSS MG is overlapping with legacy MG, which one should be suspended. In our understanding, the UE position is the presumption of measurement, thus the GNSS should have the higher priority. 
[bookmark: _Ref142684912][bookmark: _Hlk142993546]Proposal 7: When the GNSS MG is overlapping with legacy MG, the latter one is suspended.  
Summary
The observations and proposals in this contribution are summarized:
Proposal 1: For NTN NB-IoT inter-frequency measurement in connected mode, update Tdetect_inter NB1-NC  and Tmeasure _inter NB1-NC as
·  ms
·  ms
Proposal 2: Before t-ServiceStartNeigh, only exists 1 satellite which need to be monitored by UE and K_satellite = 1.
Proposal 3: In IDLE mode, if distanceThresh and referenceLocation are broadcasted, and if UE supports location-based measurement initiation and has obtained its location, the UE may not perform intra/inter-frequency measurements if the distance between UE and serving cell reference location is shorter than distanceThresh.
Proposal 4: For NB-IoT NTN, introduce time-based triggering in core spec
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is left up to UE implementation.
· if t-ServiceStartNeigh is present, UE implementation can decide to start measurements upon or after t-ServiceStartNeigh.
Observation 1: UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
Proposal 5: For location-based triggering neighbour cell measurements in connected mode, the requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 + X m, where X = [50], as the UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
Proposal 6: (Option 1) add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.
Proposal 7: When the GNSS MG is overlapping with legacy MG
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