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1. Introduction
This contribution revises a workplan for the Rel-18 NR-NTN-enh work item for RAN4 based on the WI exception [1]. 
2. RAN4 workplan
In this section, the RAN4 workplan for NR-NTN-enh WI is provided. Following workplan is based on the remaining issues and additional TU request:
Coverage enhancement
Core part
	Meetings
	Objectives

	October 2022, RAN4#104-bis
	RF:
· Discuss RF related topic if necessary.

	November 2022, RAN4#105
	RF:
· Discuss RF related topic if necessary.

	February 2023, RAN4#106
	RF:
· Discuss RF related topic if necessary.

RRM/Demod (0.06TU):
Starting time depends on RAN1 study progress.
· Discuss demoduration requirements and assumptions based on RAN1 study conclusion
· Discuss RRM related topic if necessary.

	April 2023, RAN4#106-bis
	RF:
· Discuss RF related topic if necessary.

RRM/Demod (0.09TU):
· Further discuss demoduration requirements and assumptions
· Further discuss values for physical layer parameters for Demod
· Discuss RRM related topic if necessary.

	May 2023, RAN4#107
	RF:
· Start drafting of CRs if necessary.

RRM/Demod (0.09TU):
· Further discuss demoduration requirements and assumptions and align on simulation results
· Identify values for physical layer parameters for Demod
· Start drafting of CRs

	August 2023, RAN4#108
	RF:
· Further drafting of CRs if necessary.

RRM/Demod (0.09TU):
· Further discuss demoduration requirements and assumptions
· Further drafting of CRs

	October 2023, RAN4#108-bis
	RF:
· Further drafting of CRs if necessary.

RRM/Demod (0.09TU):
· Further discuss demoduration requirements and assumptions
· Further drafting of CRs

	November 2023, RAN4#109
	RF:
· Endorse CRs if necessary.

RRM/Demod (0.09TU):
· Finalize demodulation requirements and assumptions
· Endorse CRs

	February 2024, RAN4#110
	RRM/Demod (0.1TU):
· Update the applicability of the timing requirements
· Endorse CRs



Performance part
	Meetings
	Objectives

	October 2023, RAN4#108-bis
	· Discuss RRM test cases and related parameters if necessary
· Discuss measurement accuracy if necessary
· Discuss satellite access node demodulation requirements
· Discuss satellite access node conformance tests

	November 2023, RAN4#109
	· Further discuss and decide RRM test cases and related parameters if necessary
· Further discuss and specify measurement accuracy if necessary
· Further discuss and specify satellite access node demodulation requirements
· Further discuss and specify satellite access node conformance tests

	February 2024, RAN4#110
	· Further discuss and decide RRM test cases and related parameters if necessary
· Further discuss and specify measurement accuracy if necessary
· Further discuss and specify satellite access node demodulation requirements
· Further discuss and specify satellite access node conformance tests

	April 2024, RAN4#110-bis
	Provide draft CRs

	May 2024, RAN4#111
	Endorse CRs



NR-NTN deployment in above 10 GHz bands
Core part
	Meetings
	Objectives

	October 2022, RAN4#104-bis
	RF (0.5TU):
· Discuss example band for NTN enhancement study according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations.
· Study implications of FDD operation in FR2 and derive requirements for the to be identified example band appropriately.
· Discuss coexistence study scenarios to be considered and related simulations assumptions.

	November 2022, RAN4#105
	RF (0.5TU):
· Further discuss example band for NTN enhancement study according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations.
· Further study implications of FDD operation in FR2 and derive requirements for the to be identified example band appropriately.
· Further discuss coexistence study scenarios to be considered and related simulations assumptions.

	February 2023, RAN4#106
	RF (1TU):
· Define example band for NTN enhancement study according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations.
· Define requirements of FDD operation in FR2 for the identified example band appropriately.
· Agree on coexistence study scenarios to be considered and related simulations assumptions.
· Early discussion on calibration of simulations for coexistence study scenarios
· Discuss Rx/Tx requirements for satellite access node and different VSAT UE class.
· Discuss values for physical layer parameters for RF

RRM/Demod (0.1TU):
· Discuss demoduration requirements and assumptions
· Discuss RRM core requirements
· Discuss values for physical layer parameters for RRM/Demod
· Discuss if there is any specific requirement associated to the exemplary bands agreed by RF group as well as the necessary simulations if any.

	April 2023, RAN4#106-bis
	RF (1TU):
· Discussion on simulation results for coexistence study scenarios
· Further discuss Rx/Tx requirements for satellite access node and different VSAT UE class.
· Further discuss values for physical layer parameters for RF

RRM/Demod (0.3TU):
· Further discuss demoduration requirements and assumptions
· Further discuss RRM core requirements
· Further discuss values for physical layer parameters for RRM/Demod
· Further discuss if there is any specific requirement associated to the exemplary bands agreed by RF group as well as the necessary simulations if any.

	May 2023, RAN4#107
	RF (1TU):
· Align on simulation results for coexistence study scenarios
· Further discuss Rx/Tx requirements for satellite access node and different VSAT UE class and align on simulation results
· Start drafting of CRs

RRM/Demod (0.3TU):
· Further discuss demoduration requirements and assumptions and align on simulation results
· Further discuss RRM core requirements
· Identify values for physical layer parameters for RRM/Demod
· Further discuss if there is any specific requirement associated to the exemplary bands agreed by RF group as well as the necessary simulations if any.
· Start drafting of CRs

	August 2023, RAN4#108
	RF (1TU):
· Further discuss Rx/Tx requirements for satellite access node and different VSAT UE class
· Further drafting of CRs

RRM/Demod (0.3TU):
· Further discuss demoduration requirements and assumptions
· Further discuss RRM core requirements
· Further drafting of CRs

	October 2023, RAN4#108-bis
	RF (1TU):
· Further discuss Rx/Tx requirements for satellite access node and different VSAT UE class
· Further drafting of CRs

RRM/Demod (0.3TU):
· Further discuss demoduration requirements and assumptions
· Further discuss RRM core requirements
· Further drafting of CRs

	November 2023, RAN4#109
	RF (1TU):
· Agree on Rx/Tx requirements for satellite access node and different VSAT UE class
· Endorse CRs

RRM/Demod (0.3TU):
· Agree on RRM core requirement
· Finalize demodulation requirements and assumptions
· Endorse CRs

	February 2024, RAN4#110
	RF (0.5TU):
· Rx/Tx for the selected VSAT UE class/types for the Ka band (i.e. Off axis, spurious, EIS, EIRP, ACS)
· Rx/Tx for SAN node for the Ka band (i.e. ICS)
· Endorse CRs

RRM/Demod (0.2TU):
· RRM for electronically-steered beam UEs (Type 1) and mechanically-steered beam UEs (Type 2) (e.g. additional interruption time during inter satellite HO, non-zero beam switching delay)
· Endorse CRs



Performance part
	Meetings
	Objectives

	October 2023, RAN4#108-bis
	· Discuss RRM test cases and related parameters
· Discuss measurement accuracy
· Discuss UE demodulation and CSI reporting requirements
· Discuss satellite access node demodulation requirements
· Discuss satellite access node conformance tests

	November 2023, RAN4#109
	· Further discuss and decide RRM test cases and related parameters
· Further discuss and specify measurement accuracy
· Further discuss and specify UE demodulation and CSI reporting requirements
· Further discuss and specify satellite access node demodulation requirements
· Further discuss and specify satellite access node conformance tests

	February 2024, RAN4#110
	· Further discuss and specify UE demodulation and CSI reporting requirements
· Further discuss and specify satellite access node demodulation requirements
· Further discuss and specify satellite access node conformance tests

	April 2024, RAN4#110-bis
	Provide draft CRs

	May 2024, RAN4#111
	Endorse CRs



Network verified UE location
Core part
	Meetings
	Objectives

	February 2023, RAN4#106
	RF:
· Discuss RF related topic if necessary.

RRM/Demod (0.03TU):
· Discuss demoduration requirements and assumptions based on RAN1 study conclusion
· Discuss RRM requirements and assumptions based on RAN1 study conclusion

	April 2023, RAN4#106-bis
	RF:
· Discuss RF related topic if necessary.

RRM/Demod (0.02TU):
· Further discuss demoduration requirements and assumptions
· Further discuss values for physical layer parameters for Demod
· Further discuss RRM requirements

	May 2023, RAN4#107
	RF:
· Start drafting of CRs if necessary.

RRM/Demod (0.02TU):
· Further discuss demoduration requirements and assumptions and align on simulation results
· Identify values for physical layer parameters for Demod
· Start drafting of CRs

	August 2023, RAN4#108
	RF:
· Further drafting of CRs if necessary.

RRM/Demod (0.02TU):
· Further discuss demoduration requirements and assumptions
· Further drafting of CRs

	October 2023, RAN4#108-bis
	RF:
· Further drafting of CRs if necessary.

RRM/Demod (0.02TU):
· Further discuss demoduration requirements and assumptions
· Further drafting of CRs

	November 2023, RAN4#109
	RF:
· Endorse CRs if necessary.

RRM/Demod (0.02TU):
· Finalize demodulation requirements and assumptions
· Endorse CRs

	February 2024, RAN4#110
	RRM/Demod (0.1TU):
· Specify measurement related requirements
· Endorse CRs



Performance part
	Meetings
	Objectives

	October 2023, RAN4#108-bis
	· Discuss RRM test cases and related parameters
· Discuss measurement accuracy
· Discuss satellite access node conformance tests

	November 2023, RAN4#109
	· Further discuss and decide RRM test cases and related parameters
· Further discuss and specify measurement accuracy
· Further discuss and specify satellite access node conformance tests

	February 2024, RAN4#110
	· Further discuss and decide RRM test cases and related parameters
· Further discuss and specify measurement accuracy
· Further discuss and specify satellite access node conformance tests

	April 2024, RAN4#110-bis
	Provide draft CRs

	May 2024, RAN4#111
	Endorse CRs



NTN-TN and NTN-NTN mobility and service continuity enhancements
Core part
	Meetings
	Objectives

	October 2022, RAN4#104-bis
	RF:
· Discuss RF related topic if necessary.

	November 2022, RAN4#105
	RF:
· Discuss RF related topic if necessary.

	February 2023, RAN4#106
	RF:
· Discuss RF related topic if necessary.

RRM/Demod (0.06TU):
· Discuss RRM core requirements based on Rel-17 specification.

	April 2023, RAN4#106-bis
	RF:
· Discuss RF related topic if necessary.

RRM/Demod (0.09TU):
· Further discuss RRM core requirements
· Discuss values for physical layer parameters for RRM.

	May 2023, RAN4#107
	RF:
· Start drafting of CRs if necessary.

RRM/Demod (0.09TU):
· Further discuss RRM core requirements
· Identify values for physical layer parameters for RRM
· Start drafting of CRs

	August 2023, RAN4#108
	RF:
· Further drafting of CRs if necessary.

RRM/Demod (0.09TU):
· Further discuss RRM core requirements
· Further drafting of CRs

	October 2023, RAN4#108-bis
	RF:
· Further drafting of CRs if necessary.

RRM/Demod (0.09TU):
· Further discuss RRM core requirements
· Further drafting of CRs

	November 2023, RAN4#109
	RF:
· Endorse CRs if necessary.

RRM/Demod (0.09TU):
· Agree on RRM core requirement
· Endorse CRs

	February 2024, RAN4#110
	RRM/Demod (0.1TU):
· Specify IDLE/INACTIVE/CONNECTED mode mobility requirements for NTN to NTN
· Endorse CRs



Performance part
	Meetings
	Objectives

	October 2023, RAN4#108-bis
	· Discuss RRM test cases and related parameters
· Discuss measurement accuracy

	November 2023, RAN4#109
	· Further discuss and decide RRM test cases and related parameters
· Further discuss and specify measurement accuracy

	February 2024, RAN4#110
	· Further discuss and decide RRM test cases and related parameters
· Further discuss and specify measurement accuracy

	April 2024, RAN4#110-bis
	Provide draft CRs

	May 2024, RAN4#111
	Endorse CRs



3. Annex: Remaining core part issues after RAN4#109
UE RF requirements
Issue 2-9 SEM requirement
Agreement:
Option 1: 
· Proposal 1:
· for the out-of-band emission requirement, propose to use the ITU-R SM.1541-6, Annex 5 OoB domain emission limits for space services (earth and space stations) as starting point and further discuss any modification if necessary (e.g. to keep consistency with other regional out-of-band emission requirement). [ZTE,R4-2320332]
Option 2:  
Table 9.5.2.2-1: General NR spectrum emission mask for FR2-NTN.
	
	Spectrum emission limit (dBm) / Channel bandwidth

	ΔfOOB
(MHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz
	Measurement bandwidth


	 0-5
	-5 
	-5
	-5
	-5
	1 MHz  

	 5-10
	-13
	-5
	-5
	-5 
	1 MHz

	 10-20
	-13
	-13
	-5
	-5 
	1 MHz

	 20-40
	-13
	-13
	-13
	-5
	1 MHz

	 40-80
	-13
	-13
	-13
	-13
	1 MHz

	 80-100
	-13
	-13
	-13 
	-13 
	1 MHz

	 100-160
	
	-13
	-13
	-13
	1 MHz

	 160-200
	
	-13
	-13
	-13
	1 MHz

	 200-400
	
	
	-13 
	-13 
	1 MHz

	 400-800
	
	
	
	-13 
	1 MHz

	± 800-1600
	
	
	
	
	1 MHz

	± 1600-3200
	
	
	
	
	1 MHz

	± 3200-4000
	
	
	
	
	1 MHz

	NOTE 1:	Void



Option 3:  other options are not precluded.  

RRM
Topic #1: UL timing requirements in bands above 10 GHz
Issue 1-3: Further relaxation of Te_NTN for PRACH
No agreement

Issue 1-11: Additional enhancements
FFS:
· Ask RAN1 to introduce a mechanism to allow the NW to inform the UE that the UE pre compensation is below the required level. UEs in this situation shall not be capable of transmitting, until they fix their time pre-compensation.
· If the UE updates its GNSS position, and difference between the TA calculated using UE new and old positions is above the UL Transmit Timing inaccuracy, UE shall perform a new RACH.

Issue 1-12: Applicability of UL timing requirements for PUSCH DMRS bundling
FFS:
· For NTN-specific PUSCH DMRS bundling, update the applicability of the timing requirements such that the requirements apply only for the first slot within the TDW.
Topic #2: RRM requirements in bands above 10 GHz
[bookmark: _Hlk147841552]Issue 2-13: UE capability
FFS
· The following UE capabilities introduced in Rel-17 NR NTN are not applicable for NR NTN band above 10GHz:
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17
· Note: Support of simultaneously measurements on target cells belonging to different NGSO satellites within a SMTC
· parallelMeasurementWithoutRestriction-r17 are not applicable
· Note: Support of measurements on cells belonging to different satellite as the serving cell in parallel with normal operation (i.e. data/control transmission and/or reception, and L1 measurements) of serving cell without scheduling restrictions. The feature is applicable only when the serving satellite is NGSO. If the serving cell belongs to GSO satellite, the scheduling restriction is not applied on the premise that a mixed type of satellites on the same frequency layer is not supported in this release (Rel-17).
· parallelSMTC-r17
· Note: Support of measurements on target cells belonging to 4 SMTC-s on a single frequency carrier
· Note: As per RP-232694 approved in RAN#101, inter-satellite measurements are not assumed in Rel-18.
· maxNumber-LEO-SatellitesPerCarrier-r17
· Note: On serving carrier, it indicates the number of target LEO satellites the UE can monitor per carrier including serving satellite
· Note: On non-serving carrier, it indicates the number of target LEO satellites the UE can monitor per carrier.
· Note: As per RP-232694 approved in RAN#101, inter-satellite measurements are not assumed in Rel-18.
· TBD on [parallelMeasurementGap-r17]
· Note: Support of 2 measurement gaps
· Note: the capability directly means neither ‘parallel/simultaneous measurement’ nor ‘inter-satellite measurement.’
Topic #3: Network verified UE location
Issue 3-3: Measurement period and accuracy requirements on DL timing drift
FFS:
· No UE requirement on DL timing drift measurement/calculation.

Issue 3-4: Measurement accuracy requirements on UL timing drift
[bookmark: _Hlk151026944]FFS:
· No new applicability condition for UE Rx-Tx measurement requirements related to amount of variation in the applied TA during measurement period.
· If the UE autonomous adjustments in the service link component, , are inferior to Tq_NTN the UE is not required to send the reporting of the service link delay variation. 
· When the total autonomous variation applied by the UE in the timing advance during a measurement period (variation of  + ) exceeds [5]*Tp  the accuracy requirements might be further relaxed.

Issue 3-5: Other impact on RRM
FFS:
· For the satellite switch case with same PCI, the UE shall consider the measurements collected prior to the satellite switch invalid and restart the UE Rx-Tx time difference measurement after the switch is complete.
· Discuss how to handle UE measurements across both satellites when there is a soft satellite switch. 
Topic #4: Idle/Inactive mode mobility enhancements
Issue 4-3: NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
FFS:
· For time-based NTN to NTN cell reselection in earth-moving cell, the existing RRC idle/inactive mode requirements (4.2C and 5.1C) referring to ‘t-service’ can be reused. 
· FFS any necessary modification can be considered for the earth moving scenario. Opiton for consideration:
· Option A: remove the following condition:
· UE shall start measurement of the neigbhor cells indicated by the serving cell before t-Service is reached according to the requirements
· UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area regardless of whether the distance condition based on serving cell reference location or the legacy Srxlev/Squal condition are met.

Issue 4-4: NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
FFS:
· Introduce a margin for beam footprint location, [20] meters.
Topic #5: Connected mode mobility enhancements
Issue 5-1: NTN to NTN RACH-less (C)HO
[bookmark: _Hlk151027226]FFS:
· Update TIU as below:
· TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running.
· Define a new requirement for combination of RACH-less HO with time-based CHO. The requirement is the same as time-based CHO with the adoption of TIU defined for RACH-less HO.

Issue 5-2: NTN to NTN Satellite switching without PCI change
FFS:
· For soft and hard satellite switch without PCI change, Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin (i.e. same formula as hard satellite switch). The following are the same for both cases:
· Tprocessing = 5 ms
· TIU, T∆ and Tmargin are same as existing requirements.
· Ending point of the interruption time: PRACH transmission for PRACH-based case and [first UL transmission excepting PRACH for without RACH performed solution, if supported by RAN2]
· For soft satellite switch without PCI change,
· Starting point of the interruption time:
· Option 1: between t-Start and t-Service, and the exact starting time is up to UE implementation.
· Option 2: t-Service
· Tsearch
· Decide whether to consider the following known condition.
· In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before UE starts synchronizing with target satellite otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover.
· If agreed to not consider known vs. unknown condition,
· Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite.
· Otherwise,
· Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite for unknown target cell [and the target cell Es/Iot ≥ -2 dB], and 0 for known target cell.
· For hard satellite switch without PCI change,
· Starting point of the interruption time: t-Service
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite.
· Note: The SMTC configuration details need to be updated as RAN2 makes further progress.

FFS:
· During satellite switching without PCI change, UE is not required to monitor other cells than the target cell:
· For soft satellite switch without PCI change, UE [may or shall] skip measurements on other cells than the target cell after t-Start
· For hard satellite switch without PCI change, UE is not required to monitor other cells than the target cell after t-Service

FFS:
· For hard satellite switch without PCI change, further discuss the following:
· A scheduling restriction applies to UEs that do not support parallelMeasurementWithoutRestriction-r17 starting at the UL slot to be transmitted at tue_ul_switch = t-service – common delay
· Include in the interruption time a component associated to the DL transmission gap

FFS:
· Decide whether/how to define requirements resulting from separate link switch time instances for UL and DL
· Option 1: Do not define separate starting points for UL and DL for hard switch
· Option 2: Define separate starting points for UL and DL for hard switch

Issue 5-3: NTN to NTN time and location-based trigger CHO enhancements
FFS:
· The existing conditional CHO requirement defined in 6.1C.2.2 (DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, Tinterrupt = Tprocessing + TIU + T∆ + Tmargin) is reused with the following updates:
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time or location condition is fulfilled.
· Remove Tmeasure
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tseach is the same as the existing one defined in 6.1C.2.2.
BS RF/Demod
Issue 2-5: ACLR & ACS
Agreement:
For SAN ACLR: [12] dBc for both GEO and LEO
For VSAT UE ACLR: [14] dBc for both fixed VSAT and mobile VSAT
For SAN ACS: For GEO: [18] dBc, and LEO: [24] dBc.

For VSAT ACS: 
· Considering below candidate values as starting point for VSAT ACS
· Option 1: 23 dBc
· Option 2: 30 dBc
· Option 3: 35 dBc
· FFS for the additional means to address the co-existence issue, candidate options for further discussion 
· Option 1: Limit the elevation angles on DL side for VSAT UE 
· Option 2: Configure additional guard-band 
· Option 3: Consider different channel model (e.g. UMa instead of free space loss) between VSAT UE and TN BS.
· Other options not precluded 
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