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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #108bis, the issues in the objective of ‘NR-NTN deployment in above 10 GHz’ were collected in WF [1].
In this contribution, we herein present our views and proposals on the remaining issues.
Discussion
Recap agreements in [2] in the below:
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	Proposal 1: As part of the NR-NTN-enh WID, RAN4 shall work on the definition of RRM requirements considering the following
· cases: Case-1: Stationary UE for GSO; Case-2: Stationary UE for LEO; Case-3: Mobile UE for GSO
· UE architectures: Fully electronically-steered beam UEs (Type 1); Fully mechanically-steered beam UEs (Type 2)



Regarding the agreements, Case-1: Stationary UE for GSO, Case-2: Stationary UE for LEO and Case-3: Mobile UE for GSO shall be taken into account. Given such cases, there’s a concern that whether measurements by the mobile UE could be impacted by the mobility, e.g., moving or rotating, of the UE itself.

Proposal 1: RAN4 shall check if a mobile type 2 UE for GSO can continually steer the antenna direction to the serving satellite and no extra delay requirements due to the UE’s mobility, such as moving or rotating. 

[bookmark: _Hlk147926214]Issue 2-4: RRC Re-establishment
	FFS:
· For Type 1 UE, whether to specify RRC Re-establishment for inter-satellite scenario.
· For Type 2 UE, whether to specify RRC Re-establishment for inter-satellite scenario.
· FFS: RRC Re-establishment requirements for intra-satellite scenario are the same as the existing FR1 NTN requirements with Ksatellite = 1.



RRC connection re-establishment procedure is initiated when a UE in RRC_CONNECTED state loses RRC connection due to any of failure cases, including radio link failure, handover failure, and RRC connection reconfiguration failure which requires the UE to perform the cell selection on the carriers configured or monitored for RRC re-establishment. In inter-satellite scenario, since at the least one company raised the issue that the type 1 UE needs measuring more reference signal (e.g., SSB) samples other than one-shot SSB sample to detect and refine the antenna direction to the target satellite in (blind) handover. On the basis of the UE beam refinement behavior, if valid, it implies the UE may also need to spend amount of time on identifying target NR cell for RRC connection re-establishment. One of the concerns is that the ephemeris data of target NR cell for RRC connection re-establishment may expires in case of too long ﻿UE Re-establishment delay; another concern is that the SSB samples for refining the antenna direction may be different for (blind) handover and RRC connection re-establishment due to the fact that different ﻿ Ês/Iot condition and different requirement to refinement accuracy (i.e., the misalignment of the beam direction to a satellite).
Proposal 2: Deprioritize defining RRC Re-establishment requirement to Type 1 UE for inter-satellite scenario in Rel-18. 

In RRC connected mode, the type 2 UE may have to steer its antenna to detect/measure neighbor satellites e.g. for performing mobility measurements, blind handover, conditional/blind handover etc., refraining from steering antenna direction to the serving satellite. During such procedures the type 2 UE will have to continuously evaluate the serving satellite’s signal quality for OOS and IS detections as part of the RLM procedure as a result of not preventing RLM. Due to prolong antenna steering time (e.g. 6-8 seconds), which is inevitable, the type 2 UE will trigger unnecessary OOS detections which in turn will cause radio link failure (RLF) upon the expiry of T310. The RLF will eventually lead to RRC connection re-establishment procedure, which requires the type 2 UE to perform the cell selection on the carriers configured for RRC re-establishment. The unnecessary triggering of the RLF and RRC connection re-establishment procedure due to the prolonged delay in steering the beam towards the neighboring satellite should be avoided to prevent for example handover failure. Such that, we suggest that the type 2 UE suspends or cancels any RLF triggered while performing the antenna steering operation during the handover to a neighboring satellite. 
Observation 1: During handover to a neigboring satellite, due to the antenna steering time (e.g. 6-8 seconds) the type 2 UE will trigger unnecessary OOS detections which in turn will cause radio link failure (RLF) upon the expiry of T310.
Proposal 3: The type 2 UE shall suspend or cancel any RLF triggered during handover to a neigboring satellite. 
Proposal 4: The type 2 UE shall suspend or cancel any RRC connection re-establishment triggered during handover to a neigboring satellite. 

Issue 2-10: Inter-satellite Handover
	Agreement:
· For Type 1 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknown cell condition plus an additional interruption component for UE beam refinement to address a concern about beam mis-alignment at the handover period due to the target satellite position error and/or UE beam steering error. TBD on the additional interruption length. 
· For Type 2 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknow cell condition plus an additional interruption component for the retuning of the mechanical beam direction. TBD on the additional interruption length.
· Postpone the discussion on inter-satellite CHO requirements on above 10GHz bands in future releases.



It is agreed that for Type 1 UE, inter-satellite HO delay shall be extended by an additional interruption component for UE beam refinement. Truly, the intuitionistic observation is that adding beam refinement delay is straightforward. However, how to define the exact time of the beam refinement delay is ambiguous. It is known that every measurement delay in RRM requirements in essence is defined with respect to the agreed and explicit side condition, probability of successful detection/measurement, etc. In the same way, to the beam refinement delay to be defined, the beam refinement procedure/condition/target shall be exploited and clarified but the fact is that none of them have been studied.
Proposal 5: For type 1 UE, the beam refinement procedure for handover which is raised in last meeting, together with side condition and refinement target shall be exploited and clarified before directly going to determine the exact time of the beam refinement. 

The legacy interruption time for FR2 -FR2 handover is reproduced from TS 38.133 as follows:
	6.1.1.4.2	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, excluding the RRC procedure delay.
When intra-frequency or inter-frequency handover 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 cell when the handover command is received by the UE. If the target cell is a known cell, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = N* Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = N*3* Trs  ms. N = 8 when the target cell is in FR2-1, and N = 12 when the target cell is in FR2-2. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
	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.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ =  Trs for both known and unknown target cell.
	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 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 such measObjectNRs configured by MN and SN have different SMTC, Trs is the periodicity of one of the SMTC which is up to UE implementation. 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.
In FR2, the target cell is known if it has been meeting the following conditions:
-	During the last 5 seconds before the reception of the handover command:
-	the UE has sent a valid measurement report for the target cell and
-	One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.3,
-	One of the SSBs measured from the target cell also remains detectable during the handover delay according to the cell identification conditions specified in clause 9.3.
otherwise it is unknown.



In last meeting, majority of companies agreed that an extra the interruption time for redirecting antenna orientation to the candidate target satellite(s) shall be captured by interruption time of inter-satellite handover. However, the exact interruption time for redirecting antenna isn’t apparent. A straightforward approach is to define exact interruption time for redirecting antenna as a typical time delay for redirecting the maximal angular range (from UE perspective) with a typical steering speed, e.g., redirecting 120 degrees may take up to 6-8 seconds. However, the definition isn’t fair and friendly to some or most of cases that the angular distance between the target satellite and the source satellite is short or the UE is able to steer with higher speed, as a result, the handover procedure is severely but unnecessarily delayed by the fixed interruption time for redirecting antenna in such cases. 
Proposal 6: For type 2 UE, introduce Tsteering (interruption time for redirecting antenna orientation) in inter-satellite handover, which is scaled with the practically needed time for redirecting antenna orientation, i.e., Tsteering = the angular distance (between the sourcing satellite and target satellite in handover) / the sweeping speed (indicated by the UE capability).
In handover/blind handover for type 2 UE, different from a legacy handover, one of the concerns is that the time when the UE executes detection to the target satellite is several seconds later than the time when the UE receives handover command. One of the problematic consequences is that the risk of handover failure is agnostic because of no measurements to the target satellite. For the type 2 UE, if failing to detect the target satellite, it’s not an efficient way to wait expiry of T304 then declare handover failure, since T304 for the type 2 UE may be configured as a larger number to cope with various time for redirecting antenna orientation for sake of simplification. One approach to mitigate the long handover failure waiting time is declaring limit the time for detecting the target satellite for the purpose of avoiding too long handover time.
Proposal 7: In blind handover for type 2 UE, the UE may spend plenty of time but fail to detect (including redirecting and refining the antenna orientation to the target satellite with respect to the ephemeris data) the target satellite. RAN4 shall check the necessity to limit the maximal time delay for detecting the target satellite. 

Issue 2-11: Mechanical beam steering for Type 2 UE
	Agreement:
· For Type 2 UE, in RAN4#109, discuss and decide whether/how to resolve issues due to non-zero beam switching delay from one satellite to another. 
· The beam switching delay can be an implicit or explicit UE capability. 
· The capability can be static or semi-static one. RAN4 to aim to decide the details (including any procedure modification, which may be needed in RAN1/2/, to accommodate Type 2 UE beam switching latency).



To avoid unnecessary handover delay caused by adding a fixed time for redirecting the antenna orientation to satisfy all handover cases with all types of type 2 UEs, it is suggested to introduce a UE capability indicating the sweeping speed. As a result, the handover interruption time can be abbreviated with respect to the real demand (angular distance between the satellites in CHO) and the UE capability. 
Proposal 8: Introduce UE capability indicating the sweeping speed, it can be an exact sweeping speed (x degree/second) or index of a sweeping speed range (Index1: (x1 degree/second, y1 degree/second); Index2: (x2 degree/second, y2 degree/second )).

[bookmark: _Hlk149296762]Issue 1-6: Te_NTN for 60kHz and 120kHz
In WF [1] it was agreed to further analyze the accuracy assumptions of UE GNSS for NTN evolution and UL SCS = 60 kHz and 120 kHz:
	…
Topic #1: UL timing requirements in bands above 10 GHz
Issue 1-1: Common vs. Different UE uplink timing requirements for different UE types
Agreement:
· A common set of UE uplink timing requirements is defined for both UE types.

Issue 1-2: Common vs. Different UE uplink timing accuracy requirements for different cases (Case-1/2/3)
Agreement:
· Further discuss achievable UE performance under different cases, FFS whether separate requirements needed or not.

Issue 1-3: Further relaxation of Te_NTN for PRACH
Agreement:
· Define Te_NTN requirements for uplink signals/channels except for PRACH first, and come back to the issue to decide whether to introduce a different set of requirements for PRACH.

Issue 1-4: Other issues on PRACH
No agreement:

Issue 1-5: Te_NTN for 120kHz
Agreement:
· FFS whether different set of Te_NTN requirements needed for UL SCS 120kHz.

Issue 1-6: Te_NTN for 60kHz and 120kHz
Agreement:
Companies should provide ‘the exact value of Te_NTN and values assumed for X and Y’ and ‘the analysis result based on the following criterion.’ Otherwise, the values/proposals won’t be captured in the list of options.
Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm): an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm
· Tm: a margin needed at gNB receiver to accommodate any additional impairments if needed.
· If a non-zero value is assumed in the proposal for Tm, the source of the impairments shall be provided too.
Technical analysis is required if any number will be provided for each of the components in the next meeting.
Whether the same or different values for different channels is contribution driven.
…



In this contribution we analyze issue 1-6, Te_NTN for 60kHz and 120kHz
We use the equation from issue 1-6
Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm): an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm
· Tm: a margin needed at gNB receiver to accommodate any additional impairments if needed.
· If a non-zero value is assumed in the proposal for Tm, the source of the impairments shall be provided too.
We want Tg > 0. This means that we get:
0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm) > 0

To start the analysis, we allocate all the UL time uncertainty budget to the UE side to maximize the allowed UE position uncertainties, Tp. We get:
Tp < 0.5*Tcp – (Td + Tr + Ta + Tf + Tm) 

For SSB SCS  kHz and UL SCS   kHz we get:
	120/60
	
	
	
	
	
	
	
	

	Tcp
	Td
	Tr
	Ta
	Tf
	Tm
	Tp
	
	Te

	36,00
	0,53
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	0,00
	13,24
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	Tcp
	Td
	Tr
	Ta
	Tf
	Tm
	Tp
	
	Te

	18,00
	0,27
	1,00
	0,50
	0,49
	0,00
	6,74
	
	7,50



where we put: Te = Td + Tf + Tp.
Observation 2: For UL SCS = 120 kHz, a UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 6.5 to 6.7 Ts, which corresponds to a total position error of 32 to 33 m to distribute among satellite and UE. The Te value = 7.5 Ts. 
Observation 3: For UL SCS = 60 kHz, a UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 13 Ts, which corresponds to a total position error of 63 m to distribute among satellite and UE. The Te value = 14 Ts.
To summarize in a table of the same format as TS 38.133 section 7 we get:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	14*64*Tc

	
	
	120
	7.5*64*Tc

	
	240
	60
	14*64*Tc

	
	
	120
	7.5*64*Tc



Proposal 9: Te_NTN Timing Error Limit 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	14*64*Tc

	
	
	120
	7.5*64*Tc

	
	240
	60
	14*64*Tc

	
	
	120
	7.5*64*Tc




Conclusion
Observation 1: During handover to a neigboring satellite, due to the antenna steering time (e.g. 6-8 seconds) the type 2 UE will trigger unnecessary OOS detections which in turn will cause radio link failure (RLF) upon the expiry of T310.
Proposal 1: RAN4 shall check if a mobile type 2 UE for GSO can continually steer the antenna direction to the serving satellite and no extra delay requirements due to the UE’s mobility, such as moving or rotating. 
Proposal 2: Deprioritize defining RRC Re-establishment requirement to Type 1 UE for inter-satellite scenario in Rel-18. 
Proposal 3: The type 2 UE shall suspend or cancel any RLF triggered during handover to a neigboring satellite. 
Proposal 4: The type 2 UE shall suspend or cancel any RRC connection re-establishment triggered during handover to a neigboring satellite. 
Proposal 5: For type 1 UE, the beam refinement procedure for handover which is raised in last meeting, together with side condition and refinement target shall be exploited and clarified before directly going to determine the exact time of the beam refinement. 
Proposal 6: For type 2 UE, introduce Tsteering (interruption time for redirecting antenna orientation) in inter-satellite handover, which is scaled with the practically needed time for redirecting antenna orientation, i.e., Tsteering = the angular distance (between the sourcing satellite and target satellite in handover) / the sweeping speed (indicated by the UE capability).
Proposal 7: In blind handover for type 2 UE, the UE may spend plenty of time but fail to detect (including redirecting and refining the antenna orientation to the target satellite with respect to the ephemeris data) the target satellite. RAN4 shall check the necessity to limit the maximal time delay for detecting the target satellite. 
Proposal 8: Introduce UE capability indicating the sweeping speed, it can be an exact sweeping speed (x degree/second) or index of a sweeping speed range (Index1: (x1 degree/second, y1 degree/second); Index2: (x2 degree/second, y2 degree/second )).
Observation 2: For UL SCS = 120 kHz, a UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 6.5 to 6.7 Ts, which corresponds to a total position error of 32 to 33 m to distribute among satellite and UE. The Te value = 7.5 Ts. 
Observation 3: For UL SCS = 60 kHz, a UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 13 Ts, which corresponds to a total position error of 63 m to distribute among satellite and UE. The Te value = 14 Ts.
Proposal 9: Te_NTN Timing Error Limit 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	14*64*Tc

	
	
	120
	7.5*64*Tc

	
	240
	60
	14*64*Tc

	
	
	120
	7.5*64*Tc
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