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1. Introduction
According to the outcome in RAN plenary [1], RRM requirements for Ka band shall be defined based on the agreed scope. Correspondingly, the objective on defining RRM requirements for Fully electronically-steered beam UEs (Type 1) and Fully mechanically-steered beam UEs (Type 2) were captured in revised WID on NR NTN enhancements [2]. In this paper, we provide our views on general aspects for Ka band in NTN based on the progress reached in the last meeting [3].
2. Discussion
2.1 UE uplink timing accuracy requirements 
In the last meeting, RAN4 initially discussed the exact value of Te_NTN and values assumed for X and Y’. To move forward, companies would provide the analysis results based on the following criterion in this meeting. Next, we would like to provide our analysis.
	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.



Here we would like to calculate is the maximum total positioning error Tg that gNB which can tolerate with enough accuracy. 
If we let the inequality become:
Tg = 0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm) > 0, 
The maximum value of Tg shall be: 
Tp = 0.5*Tcp – (Td + Tr + Ta + Tf + Tm)
Further, each component is shown above.
	UL=60kHz DL=120kHz

	Component
	Tcp
	Td
	Tr
	Ta
	Tf
	Tp
	Te

	value
	36Ts
	1.1Ts
	2Ts
	2Ts
	0.5Ts
	12.4Ts
	14Ts

	Calculation
	
	Td/Ts = 0.00347/0.032 = 1.1
	(8/2u)*Ts = 2Ts
	128Tc=2Ts
	16ns =0.5Ts
	Tp=0.5*Tcp – (Td + Tp + Tr + Ta + Tf)
	Te=Td+Tf+Tp

	
	
	
	
	
	
	Total pos error = 60 m
	

	UL=120kHz DL=120kHz

	Component
	Tcp
	Td
	Tr
	Ta
	Tf
	Tp
	Te

	value
	18Ts
	1.1Ts
	1Ts
	0.5Ts
	0.5Ts
	5.9Ts
	7.5Ts

	Calculation
	
	Td/Ts = 0.00347/0.032 = 1.1
	(8/2u)*Ts = 1Ts
	32Tc=0.5Ts
	16ns =0.5Ts
	Tp=0.5*Tcp – (Td + Tp + Tr + Ta + Tf)
	Te=Td+Tf+Tp

	
	
	
	
	
	
	Total pos error≈28 m 
	

	UL=60kHz DL=240kHz

	Component
	Tcp
	Td
	Tr
	Ta
	Tf
	Tp
	Te

	value
	36Ts
	0.55Ts
	2Ts
	2Ts
	0.5Ts
	13Ts
	14Ts

	Calculation
	
	Td/Ts = 0.0017/0.032 = 0.55
	(8/2u)*Ts = 2Ts
	128Tc=2Ts
	16ns =0.5Ts
	Tp=0.5*Tcp – (Td + Tp + Tr + Ta + Tf)
	Te=Td+Tf+Tp

	
	
	
	
	
	
	Total pos error≈62 m
	

	UL=120kHz DL=240kHz

	Component
	Tcp
	Td
	Tr
	Ta
	Tf
	Tp
	Te

	value
	18Ts
	0.55Ts
	1Ts
	0.5Ts
	0.5Ts
	6.45Ts
	7.5Ts

	Calculation
	
	Td/Ts = 0.0017/0.032 = 0.55
	(8/2u)*Ts = 1Ts
	32Tc=0.5Ts
	16ns =0.5Ts
	Tp=0.5*Tcp – (Td + Tp + Tr + Ta + Tf)
	Te=Td+Tf+Tp

	
	
	
	
	
	
	Total pos error≈30 m
	



Observation 1: For UL SCS = 60 kHz, a UE with zero implementation margin is allowed the error 12.4 to 13 Ts, which corresponds to a total position error of 60 to 62 m to distribute among satellite and UE. The Te value = 14 Ts. 
Observation 2: For UL SCS = 120 kHz, a UE with zero implementation margin is allowed the error 5.9 to 6.4 Ts, which corresponds to a total position error of 28 to 30 m to distribute among satellite and UE. The Te value = 7.5 Ts. 
Proposal 1: The exact value of Te_NTN and values assumed for X and Y is based on the following analysis result: 
	UL=60kHz DL=120kHz

	Component
	Tcp
	Td
	Tr
	Ta
	Tf
	Tp
	Te

	value
	36Ts
	1.1Ts
	2Ts
	2Ts
	0.5Ts
	12.4Ts (total pos error = 60m)
	14Ts

	UL=120kHz DL=120kHz

	value
	18Ts
	1.1Ts
	1Ts
	0.5Ts
	0.5Ts
	5.9Ts (total pos error = 28m)
	7.5Ts

	UL=60kHz DL=240kHz

	value
	36Ts
	0.55Ts
	2Ts
	2Ts
	0.5Ts
	13Ts (total pos error = 62m)
	14Ts

	UL=120kHz DL=240kHz

	value
	18Ts
	0.55Ts
	1Ts
	0.5Ts
	0.5Ts
	6.4Ts (total pos error = 30m)
	7.5Ts



Furthermore, for requirements on UE transmit timing for Satellite Access in above 10 GHz bands, the NTA,offset and its corresponding value also need to be specified. 
As shown in following table, for the requirements on UE transmit timing for Satellite Access in FR1, the NTA,offset is referred to the one in existing requirements on UE transmit timing for TN in Table 7.1.2-2. Similarly, the NTA,offset in FR2 NTN can also reuse the value of NTA,offset for FR2 defined in requirements on UE transmit timing for FR2 TN. 
	· Existing requirements on UE transmit timing for Satellite Access in FR1:
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.
· Existing requirements on UE transmit timing for TN 
Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	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 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void






Proposal 2: For requirements on UE transmit timing for Satellite Access in above 10 GHz bands, the NTA,offset and its corresponding value shall refer to NTA-offset for TN in FR2 defined in Table 7.1.2-2.
2.2 UE feature list
For this part, we would like to provide UE feature for NTN enhancement for further discussion. Specifically, feature#40-3 is to support NTN UE capable of VSAT communicating with mechanical steering antenna. 


8

1

	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 (Sidelink 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
parallelMeasurementWithoutRestriction-fr2-r18
	40-1
	Parallel measurements on cells belonging to a different NGSO satellite than a serving satellite without scheduling restrictions on normal operations with the serving cell
	Support of measurements on cells belonging to different satellite as the serving cell in parallel with normal operation (i.e. data/control transmission and/or reception, and L1 measurements) of serving cell without scheduling restrictions. [The feature is applicable only when the serving satellite is NGSO. If the serving cell belongs to GSO satellite, the scheduling restriction is not applied on the premise that a mixed type of satellites on the same frequency layer is not supported in this release (Rel-18).]
	
	YES
	NO
	UE doesn’t support of measurements on cells belonging to different satellite as the serving cell in parallel with normal operation of serving cell without scheduling restrictions.
	Per Band
	FDD only
	FR2 only
	NO
	
	Optional with capability signalling

	40.
NR_NTN_enh
maxNumber-NGSO-SatellitesWithinOneSMTC-fr2-r18
	40-2
	Parallel measurements on multiple NGSO satellites within a SMTC
	Support of simultaneously measurements on target cells [belonging to different NGSO satellites within a SMTC]
	
	YES
	NO
	UE doesn’t support of simultaneously measurements on target cells
	Per Band
	FDD only
	FR2 only
	NO
	
	Optional with capability signalling

	40.
NR_NTN_enh
UEType-MechanicalSteering-r18
	40-3
	Support NTN UE capable of VSAT communicating with mechanical steering antenna
	Support NTN UE capable of VSAT communicating with mechanical steering antenna
	
	YES
	NO
	UE is not capable of VSAT communicating with mechanical steering antenna
	Per UE
	FDD only
	FR2 only
	NO
	
	Optional with capability signalling




3. Conclusions
Observation 1: For UL SCS = 60 kHz, a UE with zero implementation margin is allowed the error 12.4 to 13 Ts, which corresponds to a total position error of 60 to 62 m to distribute among satellite and UE. The Te value = 14 Ts. 
Observation 2: For UL SCS = 120 kHz, a UE with zero implementation margin is allowed the error 5.9 to 6.4 Ts, which corresponds to a total position error of 28 to 30 m to distribute among satellite and UE. The Te value = 7.5 Ts. 
Proposal 1: The exact value of Te_NTN and values assumed for X and Y is based on the following analysis result: 
	UL=60kHz DL=120kHz

	Component
	Tcp
	Td
	Tr
	Ta
	Tf
	Tp
	Te

	value
	36Ts
	1.1Ts
	2Ts
	2Ts
	0.5Ts
	12.4Ts (total pos error = 60m)
	14Ts

	UL=120kHz DL=120kHz

	value
	18Ts
	1.1Ts
	1Ts
	0.5Ts
	0.5Ts
	5.9Ts (total pos error = 28m)
	7.5Ts

	UL=60kHz DL=240kHz

	value
	36Ts
	0.55Ts
	2Ts
	2Ts
	0.5Ts
	13Ts (total pos error = 62m)
	14Ts

	UL=120kHz DL=240kHz

	value
	18Ts
	0.55Ts
	1Ts
	0.5Ts
	0.5Ts
	6.4Ts (total pos error = 30m)
	7.5Ts



Proposal 2: For requirements on UE transmit timing for Satellite Access in above 10 GHz bands, the NTA,offset and its corresponding value shall refer to NTA-offset for TN in FR2 defined in Table 7.1.2-2.
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