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Start of Change 1 <R4-2406478>
7.1C	UE transmit timing for Satellite Access
7.1C.1	Introduction
The UE shall have capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. UE initial transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.
7.1C.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in Table 7.1C.2-1. 
Te_NTN is specified in Table 7.1C.2-1 for FR1-NTN.
Te_NTN is specified in Table 7.1C.2-2 and Table 7.1C.2-3 for VSAT UE in FR2-NTN.
This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission..
The UE shall meet the Te_NTN requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus .
The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing is received from the reference cell at the UE antenna. 
NTA for PRACH is defined as 0.  (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. or after the last update in   or .
The value of NTA-offset depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). NTA-offset is defined in Table 7.1.2-2 for FR1-NTN.
NTA-offset is defined in Table 7.1C.2-3 for VSAT UE in FR2-NTN..
 and  are as defined in TS38.211 [6].

Table 7.1C.2-1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1FR1-NTN
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Table 7.1C.2-2: Te_NTN Timing Error Limit for fixed VSAT is served by GSO and fixed VSAT is served by NGSO
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	FR2-NTN
	120
	60
	13*64*Tc

	
	
	120
	7.5*64*Tc

	
	240
	60
	13*64*Tc

	
	
	120
	7.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
Note 2:      For fixed VSAT is served by NGSO, when SCS of uplink signals is 120kHz, the requirements are applicable only if the ephemeris information be refreshed (i.e. update rate of ephemeris information in SIB19) at least every [7] seconds



Table 7.1C.2-3: Te_NTN Timing Error Limit for mobile VSAT is served by GSO
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	FR2-NTN
	120
	60
	13*64*Tc

	
	
	120
	[10]*64*Tc

	
	240
	60
	13*64*Tc

	
	
	120
	[10]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Fixed VSAT and mobile VSAT are defined in TS 38.101-5 


Table 7.1C.2-3: The Value of [image: ]for VSAT in FR2-NTN
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR2-NTN
	0

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as [0] for FR2-NTN band. 




When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH including PUSCH transmissions in Time Domain Window when pusch-DMRS-Bundling is enabled, and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell, the updating of  and the updating of , except when the timing advance in clause 7.3C is applied.
7.1C.2.1	Gradual timing adjustment
When the transmission timing error between the UE and the reference timing exceeds Te_NTN then the UE is required to adjust its timing to within Te_NTN. The reference timing shall be  before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change, apart from a change of  due to satellite position update and  between the previous transmission and the current transmission, in one adjustment shall be Tq_NTN.
2)	The minimum aggregate adjustment rate, apart from a change of  due to satellite position update and  during the last one second, shall be Tp_NTN per second.
3)	The maximum aggregate adjustment rate, apart from a change of  due to satellite position update and  during the last 200ms, shall be Tq_NTN per 200 ms.
Where, the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in Table 7.1C.2.1-1.

Table 7.1C.2.1-1: Tq_NTN Maximum Autonomous Time Adjustment Step and Tp_NTN Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1FR1-NTN
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

	FR2-NTN
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]




End of Change 1


Start of Change 2 <R4-2406478>
7.2C	UE timer accuracy for satellite access
7.2C.1	Introduction
UE timers are used in different protocol entities to control the UE behaviour.
7.2C.2	Requirements
The requirements in this clause are applicable for both UE served by SAN in FR1 and VSAT UE served by SAN in FR2-NTN. 
For UE timers specified in TS 38.331 [2], the UE shall comply with the timer accuracies according to Table 7.2C.2-1.
The requirements are only related to the actual timing measurements internally in the UE. They do not include the following:
-	Inaccuracy in the start and stop conditions of a timer (e.g. UE reaction time to detect that start and stop conditions of a timer is fulfilled), or
-	Inaccuracies due to restrictions in observability of start and stop conditions of a UE timer (e.g. slot alignment when UE sends messages at timer expiry).
Table 7.2C.2-1
	Timer value [s]
	Accuracy

	timer value < 4
	 0.1s

	timer value  4
	 2.5%



End of Change 2


Start of Change 3 <R4-2406478>
7.3C	Timing advance for satellite access
7.3C.1	Introduction
The timing advance is initiated by UE configured with only PCell served by SAN, upon initiating a validity timer for   and  . The timing advance can be adjusted with MAC message that implies the adjustment of the timing advance, as defined in clause 5.2 of TS 38.321 [7].
7.3C.2	Requirements
7.3C.2.1	Timing Advance adjustment delay
UE shall adjust the timing of its uplink transmission timing from the beginning of uplink time slot n+ k+1+2µ  for a timing advance command received in time slot n, and the value of k, µ and  are defined in clause 4.2 in TS 38.213 [3]. The same requirement applies also when the UE is not able to transmit a configured uplink transmission due to the channel assessment procedure.
7.3C.2.2	Timing Advance adjustment accuracy
The UE shall adjust the timing of its transmissions, apart from a change of  and  between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3C.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].
Table 7.3C.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	N/A



Table 7.3C.2.2-2: UE Timing Advance adjustment accuracy for VSAT UE in FR2-NTN
	UL Sub Carrier Spacing(kHz)
	60
	120

	UE Timing Advance adjustment accuracy
	128 Tc
	32 Tc

	NOTE 1: VSAT UE are defined in TS 38.101-5 



Editor’s Note: it would be further clarified with the additional conditions for TA adjustment accuracy requirement for satellite access

End of Change 3


Start of Change 4 <R4-2405595>
4.2C.1	Introduction
The cell reselection procedure allows the UE to select a more suitable cell and camp on it.
When the UE is in either Camped Normally state or Camped on Any Cell state on a cell, the UE shall attempt to detect, synchronise, and monitor intra-frequency and inter-frequency cells indicated by the serving cell. For intra-frequency and inter-frequency cells the serving cell may provide explicit neighbour list, or only carrier frequency information and bandwidth information. UE measurement activity is also controlled by measurement rules defined in TS 38.304 [1], allowing the UE to limit its measurement activity.
The requirements in this clause shall apply for the quasi-earth fixed cell and the earth moving cell. 
Editor note: FFS on requirements/conditions for time based cell reselection for earth moving cell 
The requirements in clause 4.2C apply to FR1-NTN and FR2-NTN as defined in TS 38.108 [37]. 
The requirements in clause 4.2C apply to FR2-NTN with the following assumption: 
· no inter-satellite measurement is configured; 
· 
· 


End of Change 4


Start of Change 5 <R4-2406482>
9.9C.4.6	Measurement Period Requirements without Measurement Gaps
When physical layer receives last of NR-Multi-RTT-ProvideAssistanceData message and NR-Multi-RTT-RequestLocationInformation message from LMF via LPP [34], UE shall be able to measure multiple (up to the UE capability specified in clause 9.9C.4.3) UE Rx-Tx time difference measurements as defined in TS 38.215 [4] in a single configured positioning frequency layer i within the measurement period  ms.
In the following requirements, a positioning frequency layer i is in Case 1 if UE reports ppw-durationOfPRS-Processing1-r17 for the band containing the positioning frequency layer, and a positioning frequency layer is in Case 2 if UE reports ppw-durationOfPRS-Processing2-r17 for the band containing the positioning frequency layer.	
Measurement period  is defined as
	
Where
 is the periodicity of the UE Rx-Tx time difference measurement in positioning frequency layer i as defined further in this clause.
 is the time duration of available PRS resources in the positioning frequency layer i, to be measured during , and is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214 [26].  For calculation of ,
		only the unmuted PRS resources that meet the applicability conditions and fully or partially overlapped with PRS processing window are considered, if positioning frequency layer i is in Case 1, or 
	only the PRS resources unmuted and fully or partially overlapped with the first (PPWL-T2) ms of PPW are considered, if positioning frequency layer i is in Case 2, where PPWL is the PPW length and T2 corresponds to ppw-durationOfPRS-ProcessingSymbolsT2.
 is the maximum number of DL PRS resources of positioning frequency layer i configured in a slot,
 is UE capability combination per band where N is a duration of DL PRS symbols in ms corresponding to ppw-durationOfPRS-ProcessingSymbolsN  in TS 37.355 [34] if positioning frequency layer i is in Case 1, or corresponding to ppw-durationOfPRS-ProcessingSymbolsN2 in TS 37.355 [34] if positioning frequency layer i is in Case 2,
 is UE capability for number of DL PRS resources that it can process in a slot corresponding to ppw-maxNumOfDL-PRS-ResProcessedPerSlot as specified in clause 6.4.3 of TS 37.355 [34],
 is the number of UE Rx-Tx time difference measurement samples, and 
 is the measurement duration for the last UE Rx-Tx time difference measurement sample in the positioning layer i, including the sampling time and processing time.
	If positioning frequency layer i is in Case 1 and all of the PRS resources to be measured are available in the same PPW occasion during Tavailable, then  =  +PPWL, else
	if positioning frequency layer i is in Case 2 and all of the PRS resources to be measured are available in the same PPW occasion during Tavailable, then   = PPWL; 
	otherwise,  =  + .
 is periodicity of UE Rx-Tx time difference measurement in positioning frequency layer i: 
	
where
		corresponds to ppw-durationOfPRS-ProcessingSymbolsT  in TS 37.355 [34] if positioning frequency layer i is in Case 1, or corresponds to the sum of ppw-durationOfPRS-ProcessingSymbolsT2 and ppw-durationOfPRS-ProcessingSymbolsN2 in TS 37.355 [34] if positioning frequency layer i is in Case 2,
	, the least common multiple between  and  	 
	 is the PRS processing window repetition periodicity in positioning frequency layer i.
	 is the PRS resource periodicity in positioning frequency layer i. If the positioning frequency layer i has more than one DL PRS resource sets with different PRS periodicities with muting,  , the least common multiple of  among DL PRS resource sets is used to derive , where
	 is the periodicity of PRS resource sets given by the higher-layer parameter DL-PRS-Periodicity.
	 is the scaling factor considering PRS resource muting. , where  is the muting repetition factor given by the higher-layer parameter DL-PRS-MutingBitRepetitionFactor, and  is the size of the bitmap 
Note:	For the purpose of calculating TPRS,i, only the PRS resources that meet the applicability conditions and fully or partially covered by the PRS processing window are considered. 
The time  starts from the first PRS processing window instance aligned with DL PRS resources in the assistance data after both the NR-Multi-RTT-RequestLocationInformation message and NR-Multi-RTT-ProvideAssistanceData message from LMF via LPP [34] are delivered to the physical layer of UE.
The UE Rx-Tx time difference measurement period is restarted if HO occurs during the measurement period and after SRS reconfiguration on the target cell is complete. 
The measurement requirements do not apply for a PRS resource:
-	if the PRS resource is across two sampling duration of N within duration  or 
-	if time span of the PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than UE reported capability N.
If during the measurement period of one or more positioning frequency layers, the PRS processing window is reconfigured or reactivated either per UE request or not per UE request, the measurement period can be longer.
The requirements in this section apply, provided no PRS symbols are dropped during the measurement period  within PRS processing window due to collisions with other signals; otherwise, a longer measurement period may be used.
When PRS-RSRP is configured for multi-RTT, the UE Rx-Tx time difference measurements and PRS-RSRP measurements are performed over the same measurement period. 
The requirements in clause 9.9C.4.6 do not apply if the PRS configuration given by higher layer paramters NR-DL-PRS-AssistanceData exceeds any of the UE measurement capabilities given by NR-DL-PRS-ResourcesCapability in NR-Multi-RTT-ProvideCapabilities, and it is up to UE implementation which PRS resources are measured, subject to UE measurement capabilities.
When SRS is reconfigured without cell change during the measurement period, UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.
If UE uplink transmission timing changes due to the network-configured Timing Advance command during the UE Rx-Tx measurement period, then the UE Rx-Tx time difference measurement period is restarted after uplink transmission timing changes, and the UE Rx-Tx time difference measurement period requirements in this clause shall not apply.
If UE uplink transmission timing changes due to the change in the NTA_offset defined in Table 7.1C.2-2 during the UE Rx-Tx measurement period, then the UE Rx-Tx time difference measurement period is restarted after uplink transmission timing changes, and the UE Rx-Tx time difference measurement period requirements in this clause shall not apply.
If UE uplink transmission timing changes due to the UE autonomous timing adjustment defined in clause 7.1C.2 during the UE Rx-Tx measurement period, then:
-	UE Rx-Tx measurement period requirements in this clause shall apply for a cell, which is also the downlink reference cell (defined in section 7.1C.1) for SRS transmission.
-	UE Rx-Tx measurement period requirements in this clause shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1C.1) for SRS transmission. The UE Rx-Tx time difference measurement period may be restarted in such case.
If any positioning frequency layer is in Case 2, the requirements in this clause apply provided that the PPWL corresponding to the positioning frequency layer is larger than (T2+X) ms.
The requirements in this clause apply provided that a single positioning frequency layer is configured for measurement in each PPW.

End of Change 5


Start of Change 6 <R4-2406485>
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]6.1C.3	NR SAN Satellite switching with re-synchronization
6.1C.3.1	Introduction
The purpose of NR SAN Satellite switching with re-synchronization is to switch satellite in the same SSB frequency and same gNB without PCI changing. The requirements in this clause are applicable to SA NR SAN.
6.1C.3.2	NR SAN FR1 – NR SAN FR1 Satellite switching with re-synchronization
The requirements in this clause are applicable to both hard and soft switch over in quasi-earth fixed scenario from NR SAN FR1 cell to NR SAN FR1 cell. The requirements in this clause apply provided that UE has the valid and applicable parameters of ephemeris information, common TA, DL and UL Polarization information, Koffset, and Kmac for target NR SAN cell during Dswitch_unchangedPCI, otherwise interruption time may be longer than the requirements in clause 6.1C.3.2.2 for hard satellite switch and clause 6.1C.3.2.3 for soft satellite switch respectively.
6.1C.3.2.1	Satellite switching delay
When the UE receives a broadcast message implyingsatellite switching within re-synchronization, the UE shall be ready to start the transmission of the new uplink PRACH channel or transmission of the new uplink PUSCH channel] within Dswitch_unchangedPCI msec.
Where:
[bookmark: _Hlk159165208]-	Dswitch_unchangedPCI equals the interruption time stated in clause 6.1C.3.2.2 and clause 6.1C.3.2.3 for hard satellite switch and soft satellite switch respectively.
End of Change 6



Start of Change 7 <R4-2406480>
6.1C.3.2.2	Interruption time for hard satellite switch with re-sync
The interruption time is the time between t-service and the time the UE starts transmission of the new PRACH for RACH-based case or first UL transmission on PUSCH for RACH-less case if the UE only supports the feature for hard satellite switch and the hardSatelliteSwitch-Resync-NTN-r18 is enabled.
When intra-frequency hard switch to NR SAN cell is commanded, 
the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
-	Tsearch is the time required to search the target NR SAN cell assuming the target cell is not already known when UE starts synchronizing with target satellite. If the target cell Es/Iot ≥ -2 dB, then Tsearch = [Tfirst_SSB] ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	T∆ is same as the one defined in section 6.1C.2.2.2.1.
-	Tprocessing is time for UE processing. Tprocessing can be up to 10 ms.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	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 TA timer is not running and there is no PUCCH SR.
[bookmark: _Hlk164355419]-	Tfirst_SSB is the time to the end of the first complete SSB burst of target satellite indicated by 
[bookmark: _Hlk164355583]-	SSB of the source satellite serving cell + ssb-TimeOffset + propagation delay difference, where the propagation delay difference is the difference between the propagation delays of the serving satellite and the target satellite.


[bookmark: _Hlk164355851]UE is allowed to skip measurements for other cells and satellites than the target satellite and source satellite from T-service until the satellite switch completion.

End of Change 7


Start of Change 8 <R4-2406481>
6.1C.1	NR SAN Handover
6.1C.1.1	Introduction
The purpose of NR SAN handover is to change the NR SAN PCell to another NR SAN cell. The requirements in this clause are applicable to SA NR SAN.
6.1C.1.2	NR SAN FR1 – NR SAN FR1 Handover
The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers from NR SAN FR1 cell to NR SAN FR1 cell. The requirements in this clause apply provided that UE has the valid and applicable parameters of ephemeris information, common TA, DL and UL Polarization information, Koffset, and Kmac for target NR SAN cell during Dhandover, otherwise interruption time may be longer than the requirements in clause 6.1C.1.2.2.1 or clause 6.1C.1.2.2.2.
6.1C.1.2.1	Handover delay
When the UE receives a RRC message implying handover to NR SAN cell, the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover msec from the end of the last TTI containing the RRC command when UE is configured with RACH-based handover.
When the UE receives a RRC message implying handover to NR SAN cell, the UE shall be ready to start the transmission of the new uplink PUSCH channel or PRACH channel within Dhandover msec from the end of the last TTI containing the RRC command when UE is configured with RACH-less handover.
Where:
-	Dhandover equals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time stated in clause 6.1C.1.2.2.1 when UE is configured with RACH-based handover.
-	Dhandover equals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time stated in clause 6.1C.1.2.2.2 when UE is configured with RACH-less handover.
6.1C.1.2.2	Interruption time
The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH or PUSCH, excluding the RRC procedure delay. 
In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds 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.
6.1C.1.2.2.1	Interruption time for RACH-based handover
When intra-frequency or inter-frequency handover to NR SAN cell is commanded, 
the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Otherwise, no interruption time requirement is applied.
Where:
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
-	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and [10] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
-	Trs is the SMTC periodicity of the target NR SAN cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
6.1C.1.2.2.2	Interruption time for RACH-less handover
When intra-frequency or inter-frequency RACH-less handover to NR SAN cell is commanded, 
the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Otherwise, no interruption time requirement is applied.
Where:
-	Tsearch is same as the one defined in section 6.1C.1.2.2.1.
-	T∆ is is same as the one defined in section 6.1C.1.2.2.1.
-	Tprocessing is same as the one defined in section 6.1C.1.2.2.1.
-	Tmargin is same as the one defined in section 6.1C.1.2.2.1.
-	TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, according to NW configuration and scheduling, or PRACH if no valid configured grant based PUSCH is selected. TIU can be up to the summation of SSB to PRACH occasion association period and [10] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].


End of Change 8


Start of Change 9 <R4-2406481>
6.1C.2	NR SAN Conditional Handover
6.1C.2.1	Introduction
The requirements in this clause are applicable to conditional handover to change the NR SAN PCell to another NR SAN cell.
6.1C.2.2	NR SAN FR1 – NR SAN FR1 conditional handover
The requirements in this clause are applicable to both intra-frequency and inter-frequency conditional handover from NR SAN FR1 cell to NR SAN FR1 cell. The requirements in this clause apply provided that UE has the valid and applicable parameters of ephemeris information, common TA, DL and UL Polarization information, Koffset, and Kmac for target NR SAN cell during DCHO, otherwise the measurement time, preparation time and interruption time may be longer than the requirements in clause 6.1C.2.2.2, 6.1C.2.2.3 and 6.1C.2.2.4.
6.1C.2.2.1	Handover delay
Procedure delays for all procedures that can command a conditional handover are specified in TS 38.331 [2]. UE shall start RRM measurement before the time or distance condition is met, the time/distance condition is defined in clause 5.5.4 in TS 38.331[2]
When the UE receives a RRC message implying conditional handover the UE shall be ready to start the transmission of the new uplink PRACH channel or PUSCH channel within DCHO seconds from the end of the last TTI containing the RRC command.
	DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
Where:
-	TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [2].
-	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover 
-	Tmeasure is the measurements time stated in clause 6.1C.4.2.2.
-	TCHO_execution is the UE conditional execution preparation time for conditional handover in clause 6.1C.2.2.3.
-	Tinterrupt is the interruption time stated in clause 6.1C.2.2.4.
The conditional handover delay requirements are applied if condition T1-2 is later than the end of Tmeasure for time based CHO, or both condition D1-1 and condition D1-2 are fulfilled before the end of Tmeasure for location-based CHO, otherwise no CHO requirement is applied.

6.1C.2.2.2	Measurement time
The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
For intra-frequency handover, the measurement time delaythe requirements for identifying a new detectable intra frequency cell measured without Time To Trigger (TTT) and L3 filtering shall be less than , Tidentify_intra_with_index or Tidentify_intra_without_index, defined in clause 9.2C.5.1 and clause 9.2C.6.1 are used.
For time-based conditional intra-frequency handover:
-	If condition T1-1 occurs earlier than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index assuming UE only performs the measurements within SMTC window of the target cell.
-	If condition T1-1 occurs later than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equals to the time from the end of Tevent_DU until condition T1-1.
For location-based conditional intra-frequency handover:
[bookmark: _Hlk159164680][-	If both source cell and target cell are quasi-Earth fixed cells, ]
-	if both condition D1-1 and condition D1-2 are fulfilled earlier than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index assuming UE only performs measurements within SMTC window of the target cell.
-	if both condition D1-1 and condition D1-2 are fulfilled is later than the time at the end of TEvent_DU plus + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index for intra-frequency handover, then the measurement time delay equal to the time from the end of Tevent_DU until time when both condition D1-1 and condition D1-2 are fulfilled.
[-	if both source cell and target cell are earth moving cells, 
-	if both condition D2-1 and condition D2-2 are fulfilled earlier than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index assuming UE only performs measurements within SMTC window of the target cell.
-	if both condition D2-1 and condition D2-2 are fulfilled is later than the time at the end of TEvent_DU plus Tidentify_intra_with_index or Tidentify_intra_without_index for intra-frequency handover, then the measurement time delay equal to the time from the end of TEvent_DU until time when both condition D21-1 and condition D21-2 are fulfilled.
Editor’s note: FFS on whether location-based conditional handover applies to a combination of moving and quasi-Earth fixed cells for the choice of source and target cells. ]
For inter-frequency handover, the measurement time delay the requirements for identifying a new detectable inter frequency cell measured without Time To Trigger (TTT) and L3 filtering shall be less than , Tidentify_inter_with_index or Tidentify_inter_without_index, defined in clause 9.3C.7.1 are used.
For time-based conditional inter-frequency handover:
-	If condition T1-1 occurs earlier than the time at the end of TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to Tidentify_inter_with_index or Tidentify_inter_without_index assuming that the UE uses only the SMTC window of the target inter-frequency carrier for performing the measurements. In this case Ksatellite=1, CSSFinter=1.
-	If condition T1-1 occurs later than the time at the end of TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equals to the time from the end of Tevent_DU until condition T1-1.

For location-based conditional inter-frequency handover,
[-	if both source cell and target cell are quasi-Earth fixed cells, ]
-	If both condition D1-1 and condition D1-2 are fulfilled earlier than the time at the end of TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to Tidentify_inter_with_index or Tidentify_inter_without_index, assuming that the UE uses only the SMTC window of the target inter-frequency carrier for performing the measurements. In this case Ksatellite=1, CSSFinter=1.
-	If both condition D1-1 and condition D1-2 are fulfilled later than the time at the end of TEvent_DU plus + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to the time from the end of Tevent_DU until time of both condition D1-1 and condition D1-2 are fulfilled.
[-	if both source cell and target cell are earth moving cells, 
-	if both condition D2-1 and condition D2-2 are fulfilled earlier than the time at the end of TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to Tidentify_inter_with_index or Tidentify_inter_without_index, assuming that the UE uses only the SMTC window of the target inter-frequency carrier for performing the measurements. In this case Ksatellite=1, CSSFinter=1.
-	if both condition D2-1 and condition D21-2 are fulfilled later than the time at the end of TEvent_DU plus + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to the time from the end of TEvent_DU until time of both condition D2-1 and condition D2-2 are fulfilled.
Editor’s note: FFS on whether location-based conditional handover applies to a combination of moving and quasi-Earth fixed cells for the choice of source and target cells. ]
When TTT or L3 filtering is used an additional delay can be expected.
A cell is detectable only if at least one SSB measured from the cell being configured remains detectable during the time period [Tidentify_intra_without_index] or [Tidentify_intra_with_index] for intra-frequency handover or [Tidentify_inter_without_index] for inter-frequency handover.

End of Change 9


Start of Change 10 <R4-2406481>
6.1C.2.2.3	Preparation time
TCHO_execution is the UE execution preparation time for conditional handover, and starts after UE realizes the condition of CHO is met and identity of the target cell is determined. TCHO_execution can be up to 10ms.
6.1C.2.2.4	Interruption time
The interruption time is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH or PUSCH.
For intra-frequency or inter-frequency conditional conditional handover, the measurment time shall be less than
	Tinterrupt = Tprocessing + TIU + T∆ + Tmargin ms
Where:
-	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
-	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and [10] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3]. [For combination of RACH-less handover with time-based conditional handover, TIU can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if no valid configured grant based PUSCH isselected.PRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running.]
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. TΔ = Trs.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	Trs is the SMTC periodicity of the target NR SAN cell if the UE has been provided with an SMTC configuration for the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
NOTE 1:	The actual value of TIU shall depend upon the PRACH configuration used in the target cell [for RACH-based conditional handover.]

End of Change 10


Start of Change 11 <R4-2406481>
6.1C.2.3	NR SAN FR1 – NR SAN FR1 conditional handover without L3 measurement criteria
The requirements in this clause are applicable to both intra-frequency and inter-frequency conditional handover from NR SAN FR1 cell to NR SAN FR1 cell without L3 measurement criteria. The requirements in this clause apply provided that UE has the valid and applicable parameters of ephemeris information, common TA, DL and UL Polarization information, Koffset, and Kmac for target NR SAN cell during DCHO, otherwise preparation time and interruption time may be longer than the requirements in clause 6.1C.2.3.2, 6.1C.2.3.3.
6.1C.2.3.1	Handover delay
Procedure delays for all procedures that can command a conditional handover are specified in TS 38.331 [2]. UE is allowed to execute time-based and location-based conditional handover without RRM measurement once the time or distance condition is met, the time/distance condition is defined in clause 5.5.4 in TS 38.331[2]
When the UE receives a RRC message implying conditional handover the UE shall be ready to start the transmission of the new uplink PRACH channel or PUSCH channel within DCHO seconds from the end of the last TTI containing the RRC command.
	DCHO = TRRC + TEvent_DU + Tinterrupt + TCHO_execution
Where:
-	TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [2].
For time-based conditional handover:
-	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until condition T1-1 is fulfilled which will trigger the conditional handover 
For location-based conditional handover:
-	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until both entering conditions are fulfilled which will trigger the conditional handover. [If both source cell and target cell are quasi-Earth fixed cells, entering conditions correspond to condition D1-1 and condition D1-2. If both source cell and target cell are moving cells, entering conditions correspond to condition D2-1 and condition D2-2.
Editor’s note: FFS on whether location-based conditional handover without L3 measurement criteria applies to a combination of moving and quasi-Earth fixed cells for the choice of source and target cells. ]
-	TCHO_execution is the UE conditional execution preparation time for conditional handover in clause 6.1C.2.3.2.
-	Tinterrupt is the interruption time stated in clause 6.1C.2.3.3.
6.1C.2.3.2	Preparation time
TCHO_execution is the UE execution preparation time for conditional handover, and starts after UE realizes the condition of CHO is met and identity of the target cell is determined. TCHO_execution can be up to 10ms.
6.1C.2.3.3	Interruption time
The interruption time is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH or PUSCH.
For intra-frequency or inter-frequency conditional handover, the measurment time shall be less than
	Tinterrupt = Tprocessing + Tsearch + TIU + T∆ + Tmargin ms
Where:
-	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
-	Tsearch is the time required to search the target cell when the target cell is not already known when the conditional handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs ms.
-	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and [10] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3]. For combination of RACH-less handover with time-based conditional handover, TIU can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if no valid configured grant based PUSCH is selectedPRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running.
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. TΔ = Trs.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	Trs is the SMTC periodicity of the target NR SAN cell if the UE has been provided with an SMTC configuration for the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
NOTE 1:	The actual value of TIU shall depend upon the PRACH configuration used in the target cell for RACH-based conditional handover.

End of Change 11


Start of Change 12 <R4-2406483 and R4-2406485>
6.1C.3.2.3	Satellite switch delay for soft satellite switch with re-sync

The Satellite switch delay is from t-serviceStart to the time instance for the first UL transmissionon of the new PRACH for RACH-based case if TA timer is not running and there is no PUCCH SR or configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH for RACH-less based case, if the UE supports the feature for soft satellite switch and the softSatelliteSwitch-Resync-NTN-r18 is enabled. 
When intra-frequency soft switch to NR SAN cell is commanded, 
the satellite switch time shall be less than Tsoft_switch
	Tsoft_switch = max(t-service-t-seviceStart, Tsearch + T∆ + Tmargin) + TIU + Tprocessing  ms

Where:
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the handover command is received by the UE. [If the target cell is known, then Tsearch = 0 ms.] If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Tfirst_SSB ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	T∆ is same as the one defined in section 6.1C.2.2.2.1.
-	Tprocessing is same as the one defined in section 6.1C.2.2.2.1.
-	Tmargin is same as the one defined in section 6.1C.2.2.2.1.
-	
-	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 TA timer is not running and there is no PUCCH SR
-	Tfirst_SSB is is the time to the end of the first complete SSB burst of target satellite indicated by
-	SSB of the source satellite serving cell + ssb-TimeOffset + propagation delay difference, where the propagation delay difference is the difference between the propagation delays of the serving satellite and the target satellite.
[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 9.2C.5 for intra-frequency handover.]
During the time period from t-seviceStart to t-service, scheduling restriction as defined in clause 9.2C.5.3 is allowed, with the exception that the locations of SSB symbols of target satellite where scheduling restriction applies are determined by the SSB of the source satellite serving cell + ssb-TimeOffset + propagation difference.
UE is allowed to skip measurements for other cells and satellites than the target satellite and source satellite from t-seviceStart to the satellite switch completion.
The requirement in this clause applies and UE is required to keep the connection (DL and UL) with the source NGSO satellite, under the following conditions:
· SSBs from the two satellites are spaced apart from each other at least by 1 OFDM symbol in the time domain at UE Rx side.


End of Change 12
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