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Introduction

[bookmark: OLE_LINK18][bookmark: OLE_LINK10][bookmark: OLE_LINK9]The UE measurement issue caused by propagation delay difference between satellites is still controversial.
Agreements:
1. [bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK1]Proposal 1: SMTC and gap configuration in NTN are configured based on the timing of PCell.
1. RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN 
1. UE along with the network in NTN should also have a consistent understanding of the measurement gap to avoid any un-synchronized behavior between UE and the network, just like the way we have in TN 
1. In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of: Its Position & a reference Time & Frequency – RAN1 102e

Agreements (Post 113-e)
1. For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap configuration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).
2. Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.
3. Enhancements of the SMTC configuration is supported for Rel-17 NTN.
4. Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap
Agreements online: 
1. Measurement gaps enhancements should be supported. FFS on the details



Agreements - via email (from offline [106])
1. For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
-	The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
-	The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
FFS the following open questions: 
	(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
	(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
	(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
	(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
	(e) What about the feeder link delay? Is it considered anywhere?
2. The configuration of one or multiple offsets is left up to the network implementation.
3. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.



Remaining Issues (FFS)

[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: _Hlk79084362]Proposal 13 (FFS) To discuss from RAN2 perspective whether to support multiple measurement gap patterns to Rel-17 NTN UEs.
Observation: Configuring multiple yet short Measurement Gaps will improve spectral efficiency. UE may need to measure LEO-600, LEO-1500, Terrestrial and GEO satellites at same time.
Extension of SMTC/GAP period to accommodate all type of NTN and Terrestrial neighbors would result in large GAP period.

Proposal 6 (FFS) If Proposal 5 is agreed, to discuss whether (or how) to combine different offsets and different SMTC periodicities/durations.
Observation: Initially UE will be configured with only single SMTC window, based on the delay requirements for broadcasted neighbor ephemeris data UE can request for additional SMTC Window by reporting the delay parameter to the gNB.
It will be up to gNB to either configure a new window or extend the already configured SMTC window.
Detail mechanism on how to configure additional window based on UE delay measurement in provided in the contribution.

Proposal 8 (FFS) what the new offset represents”.
Observation: Offset for SMTC window OR additional GAP period can be left to network implementation; Both can be implemented based on UE delay measurement feedback.

Proposal 9 (FFS) Whether UE can provide new assistance information to help network when configuring the new offsets.
Observation: There are two ways to determine SMTC/ Measurement GAP requirements, Either UE provide the feedback or eNB get the UE location information.
The second option is a privacy risk as a certain country might forbid the collection of UE Location, hence it is mandatory to have a method which doesn’t rely on UE GPS location reporting.

Proposal 12 (FFS) on the usability (i) sharing a given SMTC configuration per set of neighbor cells and (ii) specifying time validity of SMTC configurations to avoid frequent SIB changes and frequent UE processing.
Observation: The activation and deactivation can be based on UE reported delay measurement, UE at different locations in a cell would require different configuration of SMTC, hence it should be based on UE feedback rather than on fixed time.

Proposal 14 (FFS) Whether to check with RAN4 on the impact of multiple SMTC configuration and measurement gap patterns to Rel-17 NTN UEs.
Observation: RAN2 first finalize the Gap pattern and SMTC methods internally before discussing with RAN4.


Proposal 15 (FFS) whether to define UE’s location related information as part of the new UE assistance (E.g. based on GNSS, RTT measurement, and/or coarse location information represented by the TAC/TAI mapped from the geographical area).
Observation: This may be discussed; however an alternative method is mandatory where UE do not report its location due to security and privacy concerns.

Proposal 16 (FFS) whether to define UE’s propagation delay related information as part of the new UE assistance (E.g. a relative value based on the SFTD, RTT and/or absolute value of its propagation delay difference between serving and neighbor satellites, or its propagation delay to neighbor satellites).
Observation: UE can provide the delay difference with respect to current satellite and configured neighbors.
Detailed procedure is provided in the document.

Proposal : Other issues not captured till Post 113-e
As we discussed in our original proposal [1], there is a need to define a delay reporting periodicity parameter based on the satellite movement speed and neighboring satellite ephemeris.
This parameter can be named Delay report periodicity.

Complete method of SMTC and GAP configuration based on UE feedback
We propose to agree on the following method to determine measurement GAPs for UE without gNB having the UE location information
1. gNB need to transmit the neighbour cells ephemeris to UE in RRC signalling as part of MeasObjectNR RRC.
2. UE can calculate the propagation delays of the neighbour Cell/Satellites based on its location and neighbouring satellite’s ephemeris.
3. If UE detect significant RTD >”Delta RTD”ms between Serving and Neighbouring satellites it would inform gNB via RRC message.
4. gNB would then configure the measurement GAPs for each neighbour or extend the measurement gap based on UE feedback.
5. UE need to calculate RTD’s for neighbours after pre-configured period “Delay report periodicity” indicated by gNB and report the RTD to serving cell via RRC message in case RTD change for neighbour >” Delta RTD Act”.
6. Measurement Gaps are deactivated when UE report Neighbour delay difference threshold < “Delta RTD deAct” 
RTD: Return Trip delay to serving satellite
Delta RTD: Return trip delay between Serving cell and neighbour cell.
Delay A1 (Event): When is Delta RTD > Delta RTD Act 
Delay A2 (Event): is an event Delta RTD < Delta RTD deAct
“Delta RTD Act (ms) ” and “Delta RTD de Act (ms)” value configured by gNB.



	[bookmark: _Hlk79092749]MeasConfig

	   measObjectToRemoveList
	SEQUENCE (SIZE (1..64)) OF MeasObjectId

	   measObjectToAddModList
	SEQUENCE (SIZE (1..64)) OF MeasObjectToAddMod

	   reportConfigToRemoveList
	SEQUENCE (SIZE (1..64)) OF ReportConfigId

	   reportConfigToAddModList
	SEQUENCE (SIZE (1..64)) OF ReportConfigToAddMod

	   measIdToRemoveList
	SEQUENCE (SIZE (1..64)) OF MeasId

	   measIdToAddModList
	SEQUENCE (SIZE (1..64)) OF MeasIdToAddMod

	   s-MeasureConfig
	

	                      ssb-RSRP
	INTEGER (0..127)

	                      csi-RSRP
	INTEGER (0..127)

	   quantityConfig
	QuantityConfig

	   measGapConfig
	MeasGapConfig
[bookmark: GapConfig]
GapConfig ::= SEQUENCE {
    gapOffset INTEGER (0..159),
    mgl ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp ENUMERATED {ms20, ms40, ms80, ms160},
    mgta ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...
}


	   measGapSharingConfig
	MeasGapSharingConfig

	
	







Table 1 : Example format for new NTN SI parameters to determine Satellite ephermeris()
	Parameters
	Range
	Resolution
	Number of bits

	Satellite Position Px, Py, Pz (ECEF)
	±50000 km
	0.4 m 
	3*28 = 84

	Satellite Velocity Vx, Vy, Vz (ECEF)
	±8 km/s
	0.015 m/s
	3*20 = 60

	Reference Point Position Px, Py, Pz (ECEF)
	±6500 km
	0.4 m
	3*25 = 75

	GW Position LAT: LONG
	-
	
	



MeasObjectNR per Satellite: 
	MeasObjectNR

	ssbFrequency
	ARFCN-ValueNR - INTEGER  (0..3279165) 

	ssbSubcarrierSpacing
	ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240}

	smtc1
	SSB-MTC

	smtc2
	SSB-MTC2

	refFreqCSI-RS
	ARFCN-ValueNR - INTEGER  (0..3279165) 

	referenceSignalConfig
	Reference signal configuration for SSB and CSI-RS

	absThreshSS-BlocksConsolidation
	ThresholdNR -  INTEGER (0..127)

	absThreshCSI-RS-Consolidation
	ThresholdNR -  INTEGER (0..127)

	nrofSS-BlocksToAverage
	INTEGER (2..16)

	nrofCSI-RS-ResourcesToAverage
	INTEGER (2..16)

	quantityConfigIndex
	INTEGER (1..2)

	offsetMO
	SSB and CSI-RS offset values (RSRP, RSRQ and SNR)

	cellsToRemoveList
	A list of PCIs (PCI-List)

	cellsToAddModList
	List of cells to add/modify -> PCI and Cell-individual offsets

	blackCellsToRemoveList
	A list of PCI ranges (PCI-RangeIndexList)

	blackCellsToAddModList
	List of cells to add/modify in the black list of cells

	whiteCellsToRemoveList
	A list of PCI ranges (PCI-RangeIndexList)

	whiteCellsToAddModList
	List of cells to add/modify in the white list of cells

	freqBandIndicatorNR
	INTEGER (1..1024)

	measCycleSCell
	ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}

	Satellite Position Px, Py, Pz (ECEF)
	±50000 km (3*28 = 84 bits)

	Satellite Velocity Vx, Vy, Vz (ECEF)
	±8 km/s (3*20 = 60bits)

	Reference Point Position Px, Py, Pz (ECEF)
	±6500 km ( 3*25 = 75)

	GW Position LAT: LONG
	

	Delay report Periodicity
	{sf80,sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}

	Delta RTD deAct
	1ms-1000ms

	Delta RTD Act
	1ms-1000ms

	Gap Sequence
	Integer (1,5)




Step 2: UE Calculates Neighbor Transmission delay based on Neighbor Satellite ephemeris broadcasted by UE.

I. If any of the broadcasted neighbor lies outside SMTC Window of Measurement Configuration:
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Step 3: Ue Trigger Event “Delay A1” Neighbor Measured Delay Delta > “Delta RTD Act”
Step 4: gNB configure additional MeasGap via RRC Reconfiguration 

	MeasConfig

	   measObjectToRemoveList
	SEQUENCE (SIZE (1..64)) OF MeasObjectId

	   measObjectToAddModList
	SEQUENCE (SIZE (1..64)) OF MeasObjectToAddMod

	   reportConfigToRemoveList
	SEQUENCE (SIZE (1..64)) OF ReportConfigId

	   reportConfigToAddModList
	SEQUENCE (SIZE (1..64)) OF ReportConfigToAddMod

	   measIdToRemoveList
	SEQUENCE (SIZE (1..64)) OF MeasId

	   measIdToAddModList
	SEQUENCE (SIZE (1..64)) OF MeasIdToAddMod

	   measGapConfig
	MeasGapConfig

GapConfig ::= SEQUENCE {
GapSequence integer (1..5)
    gapOffset INTEGER (0..159),
    mgl ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp ENUMERATED {ms20, ms40, ms80, ms160},
    mgta ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...
}

GapConfig ::= SEQUENCE {
GapSequence integer (1..5)
    gapOffset INTEGER (0..159),
    mgl ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp ENUMERATED {ms20, ms40, ms80, ms160},
    mgta ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...
}




Note: gnb will only configure additional GAP measurements if Neighbor cells SSB cannot be detected by modifying mgl, mgrp, mgta or SMTC window size / offset.

Step 5: UE configure additional GAP Measurement  
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Step 6: If UE Measure delay difference between Neighbor cell and Serving cell < “Delta RTD deAct”
 Ue Trigger Event “Delay A2” Neighbor Measured Delay Delta < “Delta RTD deAct”


In this method, we can observe a lot of advantages of SMTC and Measurement Gaps management via UE reported delay.
1. UE location at network is not required (Some countries might forbid NTN network to collect UE Location)
1. SMTC measurement window doesn’t have to be extended unnecessarily ( Long SMTC window will degrade spectral efficiency)
1. Scheme can work for any time of Neighboring Satellite Type LEO 600-LEO1500-GEO-Terrestrial
1. gNB have delay information of neighbor satellites hence Gap configuration can be minimized.
1. Gives gnB flexibility to choose between “Gap period implementation complexity” vs “optimal resource utilization”.
1. gNB can set the periodicity based on known ephemeris information.


Conclusion
Observation (P13): Configuring multiple yet short Measurement Gaps will improve spectral efficiency. UE may need to measure LEO-600, LEO-1500, Terrestrial and GEO satellites at same time.
Extension of SMTC/GAP period to accommodate all type of NTN and Terrestrial neighbors would result in large GAP period.

Observation(P6): Initially UE will be configuring with only single SMTC window, based on the delay requirements for broadcasted neighbor ephemeris data UE can request for additional SMTC Window by reporting the delay parameter to the gNB.
It will be upto gNB to either configure a new window or extend the already configured SMTC window.
Detail mechanism on how to configure additional window based on UE delay measurement in provided in the contribution.

Observation (P8): Offset for SMTC window OR additional GAP period can be left to network implementation; Both can be implemented based on UE delay measurement feedback.

Observation (P9): There are two ways to determine SMTC/ Measurement GAP requirements, Either UE provide the feedback or eNB get the UE location information.
The second option is a privacy risk as a certain country might forbid the collection of UE Location, hence it is mandatory to have a method which doesn’t rely on UE GPS location reporting.
Observation (P11): As mentioned in “Observation (P9)” it should be mandatory for UE to aid Network for proper SMTC configuration management.

Observation (P12): The activation and deactivation can be based on UE reported delay measurement, UE at different locations in a cell would require different configuration of SMTC, hence it should be based on UE feedback rather than on fixed time.

Observation (P14): RAN2 first finalize the Gap pattern and SMTC methods internally before discussing with RAN4.

Observation (P15): This may be discussed, however an alternative method is mandatory where UE do not report its location due to security and privacy concerns.

Observation(P16):UE can provide the delay difference with respect to current satellite and configured neighbors.
Detailed procedure is provided in the document.

Other issues not captured till Post 113-e
As we discussed in our original proposal [1], there is a need to define a delay reporting periodicity parameter based on the satellite movement speed and neighboring satellite ephemeris.
This parameter can be named Delay report periodicity.



Proposal: RAN2 to agree on the following method to determine measurement GAPs for UE without gNB having the UE location information
1. gNB need to transmit the neighbor cells ephemeris to UE in RRC signaling as part of MeasObjectNR RRC.
2. UE can calculate the propagation delays of the neighbor Cell/Satellites based on its location and neighboring satellite ephemeris.
3. If UE detect significant RTD >”Delta RTD”ms between Serving and Neighboring satellites it would inform gNB via RRC message.
4. gNB would then configure the measurement GAPs for each neighbor or extend the measurement gap based on UE feedback.
5. UE need to calculate RTD’s for neighbors after pre-configured period “Delay report periodicity” indicated by gNB and report the RTD to serving cell via RRC message in case RTD change for neighbor >” Delta RTD Act”.
6. Measurement Gaps are deactivated when UE report Neighbor delay difference threshold < “Delta RTD deAct” 
RTD: Return Trip delay to serving satellite
Delta RTD: Return trip delay between Serving cell and neighbor cell.
Delay A1 (Event): When is Delta RTD > Delta RTD Act 
Delay A2 (Event): is an event Delta RTD < Delta RTD deAct
“Delta RTD Act (ms) ” and “Delta RTD de Act (ms)” value configured by gNB.
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