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1. Introduction
In the RAN#80 plenary meeting, a study item on Non-Terrestrial Network (NTN) was approved [1]. The objectives of the current SI are to evaluate solutions for the identified key impacts from the preceding SI and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells
Note:
· This new study item does not address regulatory issues.


In this document, we’d like to discuss measurement issues for NTN system.
1. How to start the measurement in NTN system
2.1Background
For idle/inactive UEs, how to start the intra-frequency/inter-frequency/inter-RAT frequency measurements is described in TS38.304 [2]:
[bookmark: _Toc5982280]5.2.4.2	Measurement rules for cell re-selection
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, 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 NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority;
[bookmark: _GoBack]-	Otherwise, the UE shall perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 38.133 [8].
According to the above description, we can find whether idle/inactive UEs will start to perform intra-frequency/inter-frequency/inter-RAT frequency is based on threshold parameters broadcast in system information [3].
cellReselectionServingFreqInfo      SEQUENCE {
        s-NonIntraSearchP                   ReselectionThreshold                            OPTIONAL,       -- Need S
        s-NonIntraSearchQ                   ReselectionThresholdQ                           OPTIONAL,       -- Need S
        threshServingLowP                   ReselectionThreshold,
        threshServingLowQ                   ReselectionThresholdQ                           OPTIONAL,       -- Need R
        cellReselectionPriority             CellReselectionPriority,
        cellReselectionSubPriority          CellReselectionSubPriority                      OPTIONAL,       -- Need R
        ...
    },
    intraFreqCellReselectionInfo        SEQUENCE {
        q-RxLevMin                          Q-RxLevMin,
        q-RxLevMinSUL                       Q-RxLevMin                                      OPTIONAL,       -- Need R
        q-QualMin                           Q-QualMin                                       OPTIONAL,       -- Need S
        s-IntraSearchP                      ReselectionThreshold,
        s-IntraSearchQ                      ReselectionThresholdQ                           OPTIONAL,       -- Need S
        t-ReselectionNR                     T-Reselection,
        frequencyBandList                   MultiFrequencyBandListNR-SIB                    OPTIONAL,       -- Need S
        frequencyBandListSUL                MultiFrequencyBandListNR-SIB                    OPTIONAL,       -- Need R
        p-Max                               P-Max                                           OPTIONAL,       -- Need R
        smtc                                SSB-MTC                                         OPTIONAL,       -- Need R
        ss-RSSI-Measurement                 SS-RSSI-Measurement                             OPTIONAL,       -- Need R
        ssb-ToMeasure                       SSB-ToMeasure                                   OPTIONAL,       -- Need R
        deriveSSB-IndexFromCell             BOOLEAN,
        ...,
        [[
        t-ReselectionNR-SF                  SpeedStateScaleFactors                          OPTIONAL        -- Need N
        ]]
    },

For connected mode UEs, how to start all measurements is described in TS38.331 [3] like the following:
[bookmark: _Toc12718096]5.5.3.1	General
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Omit some content here///
2>	if the reportType for the associated reportConfig is periodical or eventTriggered:
3>	if a measurement gap configuration is setup, or
3>	if the UE does not require measurement gaps to perform the concerned measurements:
4>	if s-MeasureConfig is not configured, or
4>	if s-MeasureConfig is set to ssb-RSRP and the NR SpCell RSRP based on SS/PBCH block, after layer 3 filtering, is lower than ssb-RSRP, or
4>	if s-MeasureConfig is set to csi-RSRP and the NR SpCell RSRP based on CSI-RS, after layer 3 filtering, is lower than csi-RSRP:
5>	if the measObject is associated to NR and the rsType is set to csi-rs:
6>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport for the associated reportConfig are configured:
7>	derive layer 3 filtered beam measurements only based on CSI-RS for each measurement quantity indicated in reportQuantityRS-Indexes, as described in 5.5.3.3a;
6>	derive cell measurement results based on CSI-RS for the trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;
5>	if the measObject is associated to NR and the rsType is set to ssb:
6>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport for the associated reportConfig are configured:
7>	derive layer 3 beam measurements only based on SS/PBCH block for each measurement quantity indicated in reportQuantityRS-Indexes, as described in 5.5.3.3a;
6>	derive cell measurement results based on SS/PBCH block for the trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;
5>	if the measObject is associated to E-UTRA:
6>	perform the corresponding measurements associated to neighbouring cells on the frequencies indicated in the concerned measObject;
Omit some content here///
We can also find the connected UEs will rely on a configured UE specific measurement threshold to decide whether to start the measurements of non-serving cell [3].
MeasConfig ::=                      SEQUENCE {
    measObjectToRemoveList              MeasObjectToRemoveList                                              OPTIONAL,   -- Need N
    measObjectToAddModList              MeasObjectToAddModList                                              OPTIONAL,   -- Need N
    reportConfigToRemoveList            ReportConfigToRemoveList                                            OPTIONAL,   -- Need N
    reportConfigToAddModList            ReportConfigToAddModList                                            OPTIONAL,   -- Need N
    measIdToRemoveList                  MeasIdToRemoveList                                                  OPTIONAL,   -- Need N
    measIdToAddModList                  MeasIdToAddModList                                                  OPTIONAL,   -- Need N
    s-MeasureConfig                     CHOICE {
        ssb-RSRP                            RSRP-Range,
        csi-RSRP                            RSRP-Range
    }                                                                                                       OPTIONAL,   -- Need M
    quantityConfig                      QuantityConfig                                                      OPTIONAL,   -- Need M
    measGapConfig                       MeasGapConfig                                                       OPTIONAL,   -- Need M
    measGapSharingConfig                MeasGapSharingConfig                                                OPTIONAL,   -- Need M
    ...
}

In order to limit the UE measurements, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells.
Observation 1: In order to limit the UE measurements for power saving, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells.
2.2 Measurement Initiation Issue
But in NTN system, the situation is not the same as the near-far effect is quite different between NTN and TN system. To simplify the analysis, we illustrate the issue in the following [4]:


Figure 1 A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
In practical deployments for NTN, there are areas of overlap at the beam edge which can be significant when compared to the terrestrial case. In terrestrial systems, a UE can determine it is near the edge of a cell due to the near-far effect – a clear difference in RSRP in the center of a cell as compared to cell edge. But such an effect may not be as pronounced in non-terrestrial deployments as the difference in signal strength between two beams in overlap region may be low.
Due to the low difference of signal strength between two beams in overlap region, it’s really difficult to give a proper threshold to control UEs when to start the measurements of neighbor cells in NTN system.  It’s a common phenomenon that the signal will jitter along the time due to the wireless link interference. But in TN system, the effect caused by signal jitter is limited as signal jitter amplitude in TN is usually lower than the signal difference between the center and the configured measurements threshold, so no frequent measurements will be triggered by mistake. From UE power saving perspective, the desirable UE measurement behavior is that UEs start to measure the neighbor cells when UEs is near the edge of the serving cell. In other words, UEs should start to measure the neighbor cells when the signal of the serving cell is low enough. 
But in NTN system, the signal of the serving cell is still strong enough even if the UE is moving to the overlap region. The issue is that if the network sets a low threshold for measurements initiation, the UE may never start the measurements of neighbor cells during HO, while if the network sets a high threshold for measurements initiation, a small signal jitter may cause UE to perform the measurements of neighbor cells. In the latter case, the UE may frequently start to measure the neighbor cells by mistake.
Observation 2: In NTN system, if the network sets a low threshold for measurements initiation, the UE may never start the measurements of neighbor cells during HO; while if the network sets a high threshold for measurements initiation, a small signal jitter may cause UE to perform the measurements of neighbor cells due to the small difference between the received signal and the configured measurements initiation threshold. In the latter case, the UE may frequently start to measure the neighbor cells by mistake which will cause significant UE power consumption.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: A new measurement initiation method can be studied for NTN system, e.g. Location and Ephemeris based or time based measurement initiation method.
1. The Impact by Propagation Delay Difference on UE Measurements for NTN System
3.1Background
The following deployment scenarios have been described in TR38.821 [5]:
· A: GEO transparent payload
· B: GEO regenerative payload
· C1: LEO transparent payload, steerable beams
· C2: LEO transparent payload, moving beams
· D1: LEO regenerative payload, steerable beams
· D2: LEO regenerative payload, moving beams

RAN2 also agreed to prioritize the above scenarios for NTN system in RAN2#107 meeting [6]:

Agreements 
1. Only cell level mobility is considered in NTN from a RAN2 perspective.
2. When discussing NTN mobility challenges/solutions, RAN2 will prioritize transparent GEO (A) and LEO with moving beam (C2, D2) architectures during the study item phase. Additional scenarios may be considered pending outcome of NTN study in RAN1.

Measurement is one of the key features in TN system no matter for LTE or NR, as measurement is a precondition to control UE mobility. UE needs to measure the neighbour cells in all RRC states during mobility. To reduce UE power consumption on measurements, the network will configure the frequency as well as the SMTC configuration of the neighbour cell to UE by RRC dedicated signalling or system information.
Observation3: In TN system, the network will configure the frequency as well as the SMTC configuration of the neighbor cell to UE by RRC dedicated signalling or system information to assist UE to find the reference signal of the neighbor cell.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4]The propagation delay difference of the service link between the serving cell to UE and the neighbour cells to UE is usually quite small, as the TN cell coverage is usually only several hundreds of meters and the measurement is doing in the overlapping area between cells. The situation is illustrated in Figure2:


Figure2 UE service link in the overlapping area in TN system
In Figure2, we define that the service link between cell A and UE is represented by AC, while the service link between cell B and UE is represented by BC. The length difference between AC and BC is quite small, so the impact on measurements caused by the service link difference between the serving cell to UE and the neighbour cells to UE can be ignored.
Observation4: The impact on measurements caused by the service link difference between the serving cell to UE and the neighbor cells to UE can be ignored in TN system.
3.2 Issues Cause by Propagation Delay Difference on UE Measurements and Solutions
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The situation on propagation delay difference in NTN system is quite different than that in TN system. To simplify the analysis, we illustrate the issue in Figure 3:


Figure 3 Two different service links for transparent payloads scenario (C2) in NTN system
In Figure 3, G represents the location of NTN gateway and the location of satellites is marked by S1 and S2, while U represents the location of UE. Assume UE is in the coverage overlapping area between satellite S1 and satellite S2, the current serving satellite is S1. Due to the moving of satellite, UE should do measurement of the neighbour cell to control its mobility, e.g. cell reselection or HO. LUS1G represents the length of service link 1 which consists of user link LUS1 and feeder link LS1G, while LUS2G represents the length of service link 2 which consists of user link LUS2 and feeder link LS2G. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The length difference between LUS1G and LUS2G may be quite huge, e.g. about 0~serval hundreds of kilometres for LEO and 0~serval thousands of kilometres for GEO. 
For connected mode UEs, even if the SMTC configurations of the neighbour cells covered by satellite S2 are configured to UE, UE may still miss the SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between tUS1G and tUS2G. To simplify the analysis, we give the time sequence diagram from gateway side and UE side which can directly reflect the issue in Figure 4:
[image: C:\Users\fanjiangsheng\Desktop\16 中国重庆\会前输入\自己文稿\NTN\捕获1.PNG]
Figure 4 Time sequence diagram from gateway side and UE side
In Figure 4, signal delay 1 is tUS1G and signal delay 2 is tUS2G.  From the view of gateway, UE can measure the whole SSB window of gNB2 within the measurement window configured by gNB1. But from the view of UE, due to the time difference between delay 1 and delay 2, the SSB window of gNB2 can’t be wholly covered by the measurement window configured by gNB1, which means the UE may miss the reference signal of gNB2 even if using the whole measurement window configured by gNB1.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Observation5: For connected mode UEs in NTN system, UE may miss the network configured SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between two different satellite service links serving the same UE.
More addition, the propagation delay difference between tUS1G and tUS2G is changing along with the moving of satellites. Even if the gateway sometimes knows the location of UEs and may compensate the propagation delay difference between tUS1G and tUS2G when configuring the measurement window to UE, but the measurement window configured by gNB1 is not changed along with the moving of satellites. As time goes by, the configured measurement window may still miss the actual SSB window of gNB2 as the actual SSB window is moving.
For idle/inactive mode UEs, the gateway usually doesn’t have the UE location info. In this case, it’s hard to compensate the propagation delay difference between tUS1G and tUS2G per UE. So if we don’t solve the propagation delay difference issue, idle/inactive mode UEs may spend more time to search for the reference signal of the neighbour cells, which is not desirable from UE power saving perspective.
Observation6: For idle/inactive mode UEs in NTN system, due to the propagation delay difference between two different satellite service links serving the same UE, UE may spend more time to search for the reference signal of the neighbour cells, which is not desirable from UE power saving perspective.
For regenerative payloads scenario, the situation is almost the same. Maybe the propagation delay difference between cells is not bigger than that in transparent payloads scenario, but the impact is still serious than TN system.
To solve this issue, we give two solutions:
Solution1: The network should compensate UE measurement window per UE considering the propagation delay difference between cells by dedicated signalling, the details are FFS.
[bookmark: OLE_LINK13][bookmark: OLE_LINK17]Solution2: The network should compensate measurement window considering the propagation delay difference between cells by system information, the details are FFS.
Proposal 2: The network should compensate UE measurement window considering the propagation delay difference between two different satellite service links serving the same UE. The details are FFS, e.g. whether to use dedicated signaling and/or system information.
Proposal 3: RAN2 is kindly asked to agree the draft TP.
1. Conclusion
In conclusion, we propose the followings:
Observation 1: In order to limit the UE measurements for power saving, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells.
Observation 2: In NTN system, if the network sets a low threshold for measurements initiation, the UE may never start the measurements of neighbor cells during HO; while if the network sets a high threshold for measurements initiation, a small signal jitter may cause UE to perform the measurements of neighbor cells due to the small difference between the received signal and the configured measurements initiation threshold. In the latter case, the UE may frequently start to measure the neighbor cells by mistake which will cause significant UE power consumption.
Proposal 1: A new measurement initiation method can be studied for NTN system, e.g. Location and Ephemeris based or time based measurement initiation method.
Observation3: In TN system, the network will configure the frequency as well as the SMTC configuration of the neighbor cell to UE by RRC dedicated signalling or system information to assist UE to find the reference signal of the neighbor cell.
Observation4: The impact on measurements caused by the service link difference between the serving cell to UE and the neighbor cells to UE can be ignored in TN system.
Observation5: For connected mode UEs in NTN system, UE may miss the network configured SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between two different satellite service links serving the same UE.
Observation6: For idle/inactive mode UEs in NTN system, due to the propagation delay difference between two different satellite service links serving the same UE, UE may spend more time to search for the reference signal of the neighbour cells, which is not desirable from UE power saving perspective.
Proposal 2: The network should compensate UE measurement window considering the propagation delay difference between two different satellite service links serving the same UE. The details are FFS, e.g. whether to use dedicated signaling and/or system information.
Proposal 3: RAN2 is kindly asked to agree the draft TP.
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7.3.2.2 	The Impact by Propagation Delay Difference on UE Measurements for NTN System
The situation on propagation delay difference in NTN system is quite different than that in TN system. To simplify the analysis, we illustrate the issue in Figure 2:


Figure x Two different service links for transparent payloads scenario (C2) in NTN system
In Figure 2, G represents the location of NTN gateway and the location of satellites is marked by S1 and S2, while U represents the location of UE. Assume UE is in the coverage overlapping area between satellite S1 and satellite S2, the current serving satellite is S1. Due to the moving of satellite, UE should do measurement of the neighbour cell to control its mobility, e.g. cell reselection or HO. LUS1G represents the length of service link 1 which consists of user link LUS1 and feeder link LS1G, while LUS2G represents the length of service link 2 which consists of user link LUS2 and feeder link LS2G. 
The length difference between LUS1G and LUS2G may be quite huge, e.g. about 0~serval hundreds of kilometres for LEO and 0~serval thousands of kilometres for GEO. 
For connected mode UEs, even if the SMTC configurations of the neighbour cells covered by satellite S2 are configured to UE, UE may still miss the SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between tUS1G and tUS2G. To simplify the analysis, we give the time sequence diagram from gateway side and UE side which can directly reflect the issue in Figure 3:
[image: C:\Users\fanjiangsheng\Desktop\16 中国重庆\会前输入\自己文稿\NTN\捕获1.PNG]
Figure x Time sequence diagram from gateway side and UE side
In Figure x, signal delay 1 is tUS1G and signal delay 2 is tUS2G.  From the view of gateway, UE can measure the whole SSB window of gNB2 within the measurement window configured by gNB1. But from the view of UE, due to the time difference between delay 1 and delay 2, the SSB window of gNB2 can’t be wholly covered by the measurement window configured by gNB1, which means the UE may miss the reference signal of gNB2 even if using the whole measurement window configured by gNB1.
More addition, the propagation delay difference between tUS1G and tUS2G is changing along with the moving of satellites. Even if the gateway sometimes knows the location of UEs and may compensate the propagation delay difference between tUS1G and tUS2G when configuring the measurement window to UE, but the measurement window configured by gNB1 is not changed along with the moving of satellites. As time goes by, the configured measurement window may still miss the actual SSB window of gNB2 as the actual SSB window is moving.
For idle/inactive mode UEs, the gateway usually doesn’t have the UE location info. In this case, it’s hard to compensate the propagation delay difference between tUS1G and tUS2G per UE. So if we don’t solve the propagation delay difference issue, idle/inactive mode UEs may spend more time to search for the reference signal of the neighbour cells, which is not desirable from UE power saving perspective.
For regenerative payloads scenario, the situation is almost the same. Maybe the propagation delay difference between cells is not bigger than that in transparent payloads scenario, but the impact is still serious than TN system.
The network should compensate UE measurement window considering the propagation delay difference between two different satellite service links serving the same UE. The details are FFS, e.g. whether to use dedicated signaling and/or system information.
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