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1. Introduction
In RAN4#108bis meeting, the NR-NTN RRM requirements in above 10 GHz bands have been discussed and WF was agreed in [1]. Moreover, in last RAN #101 meeting, RAN plenary had agreement on the scope for NTN RRM requirement on Ka band [2].
	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)
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In this contribution, we further discuss the NR-NTN RRM requirements in above 10 GHz bands.
2. UE UL timing requirement
The previous agreement and open issue for UE UL timing requirement over 10GHz is:
	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.


There are three cases to be considered in RRM requirement design:
· RRM requirements shall cover at least the following scenarios
· Case-1: Stationary UE for GSO
· Case-2: Stationary UE for LEO
· Case-3: Mobile UE for GSO

During the previous discussion in R17, we assume basic GNSS accuracy: 50m (not an agreement just assumption during the discussion) and serving-satellite positioning accuracy: 30m (not an agreement just assumption during the discussion). For R18 eNTN, it was stated in the WID that only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands. In our view, for such VSAT UE, the UE side GNSS performance shall be better than the R17 UE. The GNSS performance requirement is specified in TS38.171, 
For UE that support A-GPS L1 C/A only, the nominal accuracy in ideal condition is:
	Success rate
	2-D position error
	Max response time

	95 %
	30 m
	20 s


For UE that support other A-GNSSs than GPS L1 C/A, or multiple A-GNSSs which may or may not include GPS L1 C/A, the nominal accuracy in ideal condition is:
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	15 m
	20 s



In Ka band the directional antenna filters out most of multiple path impacts on the channel and therefore we think the minimum requirement of 30m can be used as an enhancement (we are not sure which GNSS system can be supported by the VSAT, and then we just select worse case for the generic requirement). In previous meeting, Infra vendors commented that UE capability needs to be enhanced otherwise it’s impossible to support such big Te at network side. In order to accommodate the Infra vendor’s concern, we think the stationary VSAT UE in case 1 and case 2 could use the ideal GNSS performance in TS38.171 as baseline, that is, 15 meter, while the mobile VSAT UE in case 3 may need more margin for GNSS accuracy, i.e., 30 meters.

For the serving-satellite position estimation error, same principle from R17 can be assumed here, and that means this error is same as the UE GNSS estimation error. Thus, we think the UE GNSS accuracy for eNTN can be as small as 15 meters and serving-satellite position estimation error is also 15 meters when the satellite is GSO. However, serving-satellite position estimation error for the LEO satellite also needs more margin, and therefore we propose to have 30 meters for it, as same as the mobile UE’s GNSS accuracy (following R17 logic). 

We don’t see any difference of GNSS error for different SCS size, as the GNSS model is independent from the NTN cellular model. Thus, for UL SCS of 60kHz and 120kHz, X=Y. In summary, the following error assumptions are used in our calculation. 

	
	GSO
	LEO

	Stationary UE
	Case 1:
UE GNSS error: 15m
satellite position error: 15m
	Case 2: 
UE GNSS error: 15m
satellite position error: 30m

	Mobile UE
	Case 3:
UE GNSS error: 30m
satellite position error: 15m
	NA



We observed there are big differences among above case 1/2/3 due to the different GNSS performance and satellite position error assumptions. In issue 1-2 companies were discussing if we shall introduce different requirements for case 1/2/3, our view is quite flexible to support either: (1) define different UE timing requirements for different cases, i.e., case 1/2/3, or (2) define single minimum UE timing requirement based on the worst case among case 1/2/3.
Proposal 1: RAN4 to adopt one of following alternatives:
· Alt 1: define different UE timing requirements for different cases, i.e., case 1/2/3, or 
· Alt 2: define single minimum UE timing requirement based on the worst case among case 1/2/3.

Regarding the Te_NTN analysis, RAN4 had following agreements from last meeting:
	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.


 
Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)

In our view there is no clear requirement for DL synchronization error in current spec. Since such DL synchronization is on serving cell and the SNR condition shall be relatively high than other RRM measurement requirement, e.g., SNR=-2 or -3dB, and therefore we propose to use DL time granularity to decide the DL synchronization error as a worst case. The UE implementation on time chip granularity is decided by both SCS, FFT size and oversampling rate, as shown in the following equation.


Where  denotes SCS size and  denotes FFT size. The smallest FFT size (without oversampling) for NR system could be derived from the BW and SCS (look up the tables 5.3.2-1 in TS38.101-1 and TS38.101-2 for the RB number).
	DL SSB/PBCH-DMRS SCS
	PBCH-DMRS/SSB measurement BW (PRBs) 
	Smallest FFT size
	Basic time chip granularity without oversampling

	120kHz
	20
	256
	1*Ts

	240kHz
	20
	256
	0.5*Ts



So, Td= 1*Ts for 120kHz SSB and Td=0.5*Ts for 240kHz SSB.

Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors

In last RAN4 WF, it was agreed that,
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
Based on our analysis in proposal 1, the following Tp values are observed:
	Case
	Tp = Tp,ue + Tp,sat

	Case-1: Stationary UE for GSO
	0.2us=6.14*64*Tc=6.1*Ts

	Case-2: Stationary UE for LEO
	0.3us=9.22*64*Tc=9.2*Ts

	Case-3: Mobile UE for GSO
	0.3us=9.22*64*Tc=9.2*Ts



Tr: TAC resolution error (from TS38.213)

In TS38.213, the Tr is defined as 16*64*Tc/2u=4Ts(60kHz), 2Ts(120kHz).

Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
[image: A table with numbers and symbols

Description automatically generated]
So, Ta = 2*Ts for 60kHz and 0.5*Ts for 120kHz

Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm

Based on calculation, Tf= 0.016us=0.5 Ts

Tm: a margin needed at gNB receiver to accommodate any additional impairments if needed.

We may need inputs from infra vendor on this Tm.

Based on the above analysis, the calculation for above values are summarized as in following table:
	UL SCS
	SSB SCS
	Td
	Tp
	Tr
	Ta
	Tf
	Tm
	Tcp
	Tg

	60kHz
	120kHz
	1Ts
	6.1Ts for case 1

9.2Ts for case 2/3

	4Ts
	2Ts
	0.5Ts
	TBD from Infra vendor
	36Ts
	4.4Ts-Tm>0 for case 1

1.3Ts-Tm>0 for case 2/3

	
	240kHz
	0.5Ts
	
	
	
	
	TBD from Infra vendor
	
	4.9Ts-Tm>0 for case 1

1.8Ts-Tm>0 for case 2/3

	120kHz
	120kHz
	1Ts
	
	2Ts
	0.5Ts
	
	TBD from Infra vendor
	18Ts
	<0 for case ½/3

	
	240kHz
	0.5Ts
	
	
	
	
	TBD from Infra vendor
	
	



Proposal 2: the Tg analysis is proposed as following:
	UL SCS
	SSB SCS
	Td
	Tp
	Tr
	Ta
	Tf
	Tm
	Tcp
	Tg

	60kHz
	120kHz
	1Ts
	6.1Ts for case 1

9.2Ts for case 2/3

	4Ts
	2Ts
	0.5Ts
	TBD from Infra vendor
	36Ts
	4.4Ts-Tm>0 for case 1

1.3Ts-Tm>0 for case 2/3

	
	240kHz
	0.5Ts
	
	
	
	
	TBD from Infra vendor
	
	4.9Ts-Tm>0 for case 1

1.8Ts-Tm>0 for case 2/3

	120kHz
	120kHz
	1Ts
	
	2Ts
	0.5Ts
	
	TBD from Infra vendor
	18Ts
	<0 for case 1/2/3



In our view, we still need to consider the Te_NTN requirement based on the legacy Te in TN, since that was an agreed methodology we used to derive the Rel-17 NTN timing requirement. In the components for Tg calculation, some of them are double counted or related, like Tr and Ta. We still think it’s more reasonable to check the difference between FR2 TN and Ka band NTN, and then we can decide the NTN timing requirement in Ka band. For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Tp.
· Te is the legacy timing error

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te for TN
	Te_NTN
	Te_NTN in terms of percentage of CP length

	2-1
	120
	60
	3.5*64*Tc
	Case 1: 9.64*64*Tc
Case 2/3: 12.72*64*Tc
	Case 1: 26.82% of CP length
Case 2/3: 35.39% of CP length

	
	
	120
	3.5*64*Tc
	Case 1: 9.64*64*Tc
Case 2/3: 12.72*64*Tc
	Case 1: 53.19% of CP length
Case 2/3: 70.18% of CP length

	
	240
	60
	3*64*Tc
	Case 1: 9.14*64*Tc
Case 2/3: 12.22*64*Tc
	Case 1: 25.43% of CP length
Case 2/3: 34% of CP length

	
	
	120
	3*64*Tc
	Case 1: 9.14*64*Tc
Case 2/3: 12.22*64*Tc
	Case 1: 50.43% of CP length
Case 2/3: 67.42% of CP length


In TR38.811, the NTN channel delay spread has been discussed as below,
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Here we do not need delay spread for above 10GHz case(Ka band). We didn’t see the justification to relax the RACH channel compared with other channels, because if the network is able to monitor RACH in a big time search window, the same complexity will apply for other channels.

Proposal 3: RAN4 to determine the Te_NTN requirement for eNTN above 10GHz based on the following, regardless of the UL channel type:
· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Tp
· Te is the legacy timing error for FR2-1 TN.
· The Te_NTN requirement for eNTN above 10GHz is specified as:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	Case 1: 9.64*64*Tc
Case 2/3: 12.72*64*Tc

	
	
	120
	Case 1: 9.64*64*Tc
Case 2/3: 12.72*64*Tc

	
	240
	60
	Case 1: 9.14*64*Tc
Case 2/3: 12.22*64*Tc

	
	
	120
	Case 1: 9.14*64*Tc
Case 2/3: 12.22*64*Tc



If infra vendor cannot accept the Te requirement of 120kHz UL as in proposal 3, we think following two alternatives could be considered:

Alt 1: no timing requirement is defined for NTN with 120kHz UL SCS in above 10GHz band in Rel-18.
Alt 2: Rel-18 UE capability is used to indicate whether UE can support Te requirement as low as 0.5*CP in 120kHz UL case.

We are fine with either one above, and therefore we propose:

Proposal 4: If infra vendor cannot accept the Te requirement greater than 0.5*CP for 120kHz UL SCS, RAN4 to adopt one of following alternatives:
· Alt 1: no timing requirement is defined for NTN with 120kHz UL SCS in above 10GHz band in Rel-18.
· Alt 2: Rel-18 UE capability is used to indicate whether UE can support Te requirement as low as 0.5*CP in 120kHz UL case.
3. RRM requirements for type 1/2 UE
In RANP #101 discussion, the scope for type 1/2 UE is summarized as:

	RRM requirements to be defined as part of Rel-18 NR-NTN-enh WID
	Electronic steering antenna
	Mechanical steering antenna
(inter-sat)
	Mechanical steering antenna
(intra-sat)

	
	Terminal Type 1
	Terminal Type 2

	UE uplink timing accuracy
	Y
	Y
	Reuse FR1 NTN requirement, except UL uplink timing accuracy

	RRC IDLE and INACTIVE mobility 
	L
	N
	

	(Conditional/blind) Handover 
	Y
	Y
	

	RRC Re-establishment 
	L
	L
	

	RRC Connection Release with Redirection 
	N
	N
	

	Radio Link Monitoring 
	Y
	Y
	

	Link Recovery procedure (BFD/CBD)
	N
	N
	

	Active TCI switching
	N
	N
	

	Measurement Procedure
(L1/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies) 
	Y
	N
	

	Measurement Performance
	Y
	N
	

	UL spatial relation switching
	N
	N
	



Note:
	Y
	Yes (shall to be defined)

	N
	No (No need to define in Rel-18)

	L
	Low priority (may be defined if time allows)



The following assumptions (applicable to Type 1 and Type 2 terminals) are used for R18 RRM requirements
· single SAN Tx beam per radio cell in DL
· For inter satellite HO, only blind HO and no neighbor cell measurement
· Blind HO assumption for type 1 UE can be revisited if issue is identified in RAN4 
· Intra-sat neighbor cell measurement is needed
· Same UE Rx beam is used for both serving and neighboring cells which belong to the same sat. (i.e. no Rx beam sweeping)

Issue 2-4: RRC Re-establishment

	[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.



RAN4 agreed that no inter-satellite L3 measurements is specified based on the endorsed RP-232694, and means the inter-satellite measurement is not considered or specified in Rel-18 for both type 1 and type 2 UEs. In RRC re-establishment, UE is required to perform the cell identification and measurement to find a new cell to recover the RRC connection. Thus, if no L3 cell identification and measurement requirement is defined for inter-satellite case, we shall not specify any RRC Re-establishment for inter-satellite scenario either.

Proposal 5: Not to specify RRC Re-establishment for inter-satellite scenario in Rel-18 for both type 1 and type 2 UEs.

Issue 2-5: L3 measurements

	Issue 2-5: L3 measurements
[bookmark: _Hlk147841552]Agreement:
· For Type 1 UE and Type 2 UE, intra-satellite L3 measurements are the same as the existing FR1 NTN requirements defined in 9.2C and 9.3C without inter-satellite measurement configuration. 
· Existing UE capabilities need further clarification if these capabilities are expanded to NTN UE in Ka band, e.g.,
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17 and 
· parallelMeasurementWithoutRestriction-r17
· Note: no inter-satellite L3 measurements based on the endorsed RP-232694.



For other RRM impacts of eNTN above 10GHz, some existing UE capabilities may need clarification for NTN UE in Ka band: 
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17 and 
· parallelMeasurementWithoutRestriction-r17,
[image: Graphical user interface, text, application

Description automatically generated]
In maxNumber-NGSO-SatellitesWithinOneSMTC-r17, it’s only for FR1 and no Rx beam related measurement collision has been considered, that means, in FR1 UE can indicate to support multiple NGSO within SMTC for parallel measurement, however, in 10GHz NTN, the beam condition shall also be considered, and therefore UE may not be able to support parallel measurement.

Since the inter-satellite measurement has no requirement in Rel-18, if this capability is expanded to NTN UE in Ka band, the n1 shall be assumed for Rel-18 NTN UE.
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In parallelMeasurementWithoutRestriction-r17, it’s only for FR1 and no Rx beam related measurement collision has been considered, e.g., if the serving cell belongs to GSO satellite, no scheduling restriction is applied. However, when beam is considered, the measurement restriction may need to be re-considered in this capability design.

Same as maxNumber-NGSO-SatellitesWithinOneSMTC-r17, since the inter-satellite measurement has no requirement in Rel-18, if this capability is expanded to NTN UE in Ka band, the scheduling restriction shall be always applied for Rel-18 NTN UE.

We support following alternatives to move forward.
 
Proposal 6: RAN4 to adopt one of following alternatives:
· Alt 1: Existing UE capabilities of “maxNumber-NGSO-SatellitesWithinOneSMTC-r17” and “parallelMeasurementWithoutRestriction-r17” shall not be expanded to NTN UE in Ka band.
· Alt 2: If Existing UE capabilities of “maxNumber-NGSO-SatellitesWithinOneSMTC-r17” and “parallelMeasurementWithoutRestriction-r17”are expanded to NTN UE in Ka band,
· n1 shall be assumed in maxNumber-NGSO-SatellitesWithinOneSMTC-r17 for Rel-18 NTN UE
· scheduling restriction shall be always applied in parallelMeasurementWithoutRestriction-r17” for Rel-18 NTN UE

Inter-satellite Handover

	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.

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).



For inter-SAT handover, only blind HO shall be considered, and no neighbor cell measurement is needed before HO command. However, type 2 UE needs to switch the mechanical beam steering from serving satellite to neighbor satellite during the HO, and such switch needs an extra time delay margin comparing with the Rel-17 NTN HO. In following Rel-17 HO requirement, the interruption time has no time delay margin for beam steering switch, and therefore it shall be modified for type 2 UE.
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Figure 1. Inter-SAT HO for type 2 UE
As shown in figure 1, the extra time delay margin is used for UE to switch its mechanical beam steering from serving satellite (SAT1) to target satellite (SAT2), and this extra time delay margin is (angle difference between SAT1 and SAT2)/(mechanical beam steering speed). Since the ephemeris information of SAT1 and SAT2 are known to the UE, it’s feasible to derive such time delay for UE to switch the mechanical beam steering from SAT1 to SAT2.

In RF session discussion of RAN4#108bis meeting, some UE architectures have been agreed in WF R4-2317648[2], as followings:

	Issue 2-5: Beam switching requirement 
Agreement/WF:
Take following information as working assumption for beam switching time:
Ø  For mechanical steering: the typical values can be 22 degree/second, 6~8 seconds (if 120 degrees steering is assumed) for inter-satellite beam switching.
Ø  For electronic steering: A typical value is FFS for beam steering.



We think it’s worthwhile to introduce a UE capability to indicate the mechanical steering speed, and 22 degree/sec could be one of the candidate values.

Proposal 7: for inter-SAT blind HO for type 2 UE on Ka band, the Tmechanical_beam_steering shall be added on top of Rel-17 FR1 NTN blind HO interruption time, 
Where, 
Tmechanical_beam_steering = , which is the extra time delay margin for UE to switch its mechanical beam steering from serving satellite to target satellite.
Proposal 8: introduce a new UE capability of mechanical beam steering speed for type 2 UE, and 22 degree/sec could be one of the candidate values.
For type 1 UE, the “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” can be covered by RF session discussion of a typical value for electronic beam steering. We can put it as FFS and replace it once RF has conclusions.
 
Proposal 9: for type 1 UE, the “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” can be decided once RF session has conclusion on this typical value for electronic beam steering.
4. UE capability
Based on the above analysis, we propose the UE capability of eNTN from RRM perspective in annex.
Proposal 10: introduce new UE capability for Rel-18 eNTN as in Annex, including:
· UE architectures for beam steering for band above 10GHz
· Beam steering speed for fully mechanically-steered beam UEs (Type 2 UE)
· NTN communication with SCS of 120kHz for band above 10GHz
5. Conclusion
In this contribution we discuss the impact on RRM for the eNTN UE.

Proposal 1: RAN4 to adopt one of following alternatives:
· Alt 1: define different UE timing requirements for different cases, i.e., case 1/2/3, or 
· Alt 2: define single minimum UE timing requirement based on the worst case among case 1/2/3.

Proposal 2: the Tg analysis is proposed as following:
	UL SCS
	SSB SCS
	Td
	Tp
	Tr
	Ta
	Tf
	Tm
	Tcp
	Tg

	60kHz
	120kHz
	1Ts
	6.1Ts for case 1

9.2Ts for case 2/3

	4Ts
	2Ts
	0.5Ts
	TBD from Infra vendor
	36Ts
	4.4Ts-Tm>0 for case 1

1.3Ts-Tm>0 for case 2/3

	
	240kHz
	0.5Ts
	
	
	
	
	TBD from Infra vendor
	
	4.9Ts-Tm>0 for case 1

1.8Ts-Tm>0 for case 2/3

	120kHz
	120kHz
	1Ts
	
	2Ts
	0.5Ts
	
	TBD from Infra vendor
	18Ts
	<0 for case 1/2/3



Proposal 3: RAN4 to determine the Te_NTN requirement for eNTN above 10GHz based on the following, regardless of the UL channel type:
· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Tp
· Te is the legacy timing error for FR2-1 TN.
· The Te_NTN requirement for eNTN above 10GHz is specified as:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	Case 1: 9.64*64*Tc
Case 2/3: 12.72*64*Tc

	
	
	120
	Case 1: 9.64*64*Tc
Case 2/3: 12.72*64*Tc

	
	240
	60
	Case 1: 9.14*64*Tc
Case 2/3: 12.22*64*Tc

	
	
	120
	Case 1: 9.14*64*Tc
Case 2/3: 12.22*64*Tc



Proposal 4: If infra vendor cannot accept the Te requirement greater than 0.5*CP for 120kHz UL SCS, RAN4 to adopt one of following alternatives:
· Alt 1: no timing requirement is defined for NTN with 120kHz UL SCS in above 10GHz band in Rel-18.
· Alt 2: Rel-18 UE capability is used to indicate whether UE can support Te requirement as low as 0.5*CP in 120kHz UL case.

Proposal 5: Not to specify RRC Re-establishment for inter-satellite scenario in Rel-18 for both type 1 and type 2 UEs.

Proposal 6: RAN4 to adopt one of following alternatives:
· Alt 1: Existing UE capabilities of “maxNumber-NGSO-SatellitesWithinOneSMTC-r17” and “parallelMeasurementWithoutRestriction-r17” shall not be expanded to NTN UE in Ka band.
· Alt 2: If Existing UE capabilities of “maxNumber-NGSO-SatellitesWithinOneSMTC-r17” and “parallelMeasurementWithoutRestriction-r17”are expanded to NTN UE in Ka band,
· n1 shall be assumed in maxNumber-NGSO-SatellitesWithinOneSMTC-r17 for Rel-18 NTN UE
· scheduling restriction shall be always applied in parallelMeasurementWithoutRestriction-r17” for Rel-18 NTN UE

Proposal 7: for inter-SAT blind HO for type 2 UE on Ka band, the Tmechanical_beam_steering shall be added on top of Rel-17 FR1 NTN blind HO interruption time, 
Where, 
Tmechanical_beam_steering = , which is the extra time delay margin for UE to switch its mechanical beam steering from serving satellite to target satellite.
Proposal 8: introduce a new UE capability of mechanical beam steering speed for type 2 UE, and 22 degree/sec could be one of the candidate values.

Proposal 9: for type 1 UE, the “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” can be decided once RF session has conclusion on this typical value for electronic beam steering.
Proposal 10: introduce new UE capability for Rel-18 eNTN as in Annex, including:
· UE architectures for beam steering for band above 10GHz
· Beam steering speed for fully mechanically-steered beam UEs (Type 2 UE)
· NTN communication with SCS of 120kHz for band above 10GHz
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Annex
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	40.
NR_NTN_enh
	40-1
	UE architectures for beam steering for band above 10GHz
	Support of UE architectures for beam steering in above 10 GHz bands, either fully electronically-steered beam UEs (Type 1 UE) or fully mechanically-steered beam UEs (Type 2 UE)
	
	Yes
	N/A
	UE does not support NTN communication on above 10GHz bands.
	Per band
	FDD only
	[FR2 only]
	N/A
	UE to indicate which architecture is used to support NTN above 10GHz:
(1)Type 1: fully electronically-steered beam UE, or
(2)Type 2: fully mechanically-steered beam UE.

[Agreed in R4-2314447]
	Optional with capability signaling

	40.
NR_NTN_enh
	40-2
	[Beam steering speed for fully mechanically-steered beam UEs (Type 2 UE)]
	Support of indicating the beam steering adjustment speed during mobility based measurement in inter-satellite Handover.
	40-x (Type 2 UE)
	Yes
	N/A
	Type 2 UE cannot complete the inter-satellite handover within a time delay requirement in TS38.133 [section 6.x.y]
	Per band
	FDD only
	FR2 only
	N/A
	UE to indicate which the beam steering adjustment speed during mobility based measurement in inter-satellite Handover, i.e., X degrees/sec. 

The candidate values for X can be {22, etc}
	Optional with capability signaling

	40.
NR_NTN_enh
	[40-3]
	[NTN communication with SCS of 120kHz for band above 10GHz]
	[Support of NTN communication with SCS of 120kHz for band above 10GHz.]
	
	[Yes]
	[N/A]
	[UE does not support NTN communication with SCS of 120kHz for band above 10GHz.]
	[Per band]
	FDD only
	[FR2 only]
	N/A
	[UE is required to meet the Tx timing requirement for SCS=120kHz in TS38.133 [section 7.x.y].]
	[Optional with capability signaling]
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7.35.22 Assessment of conditions for NR operation in Non-Terrestrial networks
Delay spread in satellite propagation channels

Signal echoes are associated to the presence of indirect rays that reach the receiver antenna and carry a significant
energy with respect to the energy of the direct ray.

ITU-R recommendation [34] defines for the 2 GHz band three parameter sets of wideband models, including LOS and
NLOS cases, applicable for an elevation range from 15 to 55° and for urban, suburban and rural environments. The
delay spread of these three parameter sets ranges between 180 ns to 250 ns, whereas the 250 ns are stated to cover 90%
of the cases.

For higher elevations than 55°, we assume that the delay spread of the satellite channel will be in the same range or
even lower due to the traveling distances of the echoes arriving at a receiver.

Few papers are available on delay spread measurements in Ka-Band. Reference [35] is stating the coherence bandwidth
to be 30 MHz at 40 GHz with omnidirectional antennas. According to [36], the coherence bandwidth (A f)c of a channel
with maximum delay spread Tm is

(Afe=1/(5T)

For the stated coherence bandwidth in [35], this results in a maximum delay spread of Tm = 25 ns for omni-directional
antennas. For directional antennas, echoes with significant delay are normally filtered out by the antenna radiation
pattern, so flat fading can be assumed for Ka-band signals.
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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, excluding the RRC procedure delay.

When intra-frequency or inter-frequency handover to NR SAN cell is commanded, the interruption time shall be less
than Tinlerrupl

Tinterrupt = Tsearen + Tru + Tpmcessing +Ta+ Tmargin ms

Otherwise, no interruption time requirement is applied.
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Rel-18 NR-NTN-enh WID: RRM req for Ka band x@

A GLOBAL INITIATIVE

 Proposal 2: RAN recommends RAN4 to define the following RRM requirements for example band (Ka

band) in the table below as baseline.

RRM requirements to be defined as part of Rel-18
NR-NTN-enh WID

UE uplink timing accuracy

RRC IDLE and INACTIVE mobility
(Conditional/blind) Handover

RRC Re-establishment

RRC Connection Release with Redirection

Radio Link Monitoring

Link Recovery procedure (BFD/CBD)
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Measurement Performance
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except UL
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5 The following assumptions (applicable to Type
1 and Type 2 terminals) are used for R18 RRM
requirements

Y
N
L

single SAN Tx beam per radio cell in

DL

For inter satellite HO, only blind HO

and no neighbor cell measurement

+ Blind HO assumption for type 1 UE

can be revisited if issue is identified
in RAN4

Intra-sat neighbor cell measurement

is needed

Same UE Rx beam is used for both

serving and neighboring cells which

belong to the same sat. (i.e. no Rx

beam sweeping)

Yes (shall to be defined)
No (No need to define in Rel-18)
Low priority (may be defined if time allows)
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Table 7.3.2.2-1: UE Timing Advance adjustment accuracy

UL Sub Carrier
Spacing(kHz) 15 30 60 120 480 960
UE Timing Advance
+256 Tc +256 Tc +128 Tc +32 Te +10 T +6 Te

adjustment accuracy





