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1.	Introduction
We provide our views on the maximum UE positioning error for NR NTN support in Ka band.
2. 	Discussion
In the previous RAN4#106bis e-meeting, it was agreed to support higher SCS than 30kHz for NR NTN support in Ka band. And in order to support the channel bandwidth up to 400MHz while preserving the existing (I)FFT size, depending on channel bandwidth, the supported max SCS can be differently considered as can be seen from the LS sent from RF session. Based on the analyses conducted in Rel-17 NR NTN, it may be challenging to support high UL SCSs due to the short CP length which is not enough to accommodate UE and satellite positioning errors. Thus, we believe the UL timing accuracy requirement needs to be differently tightened for different UL SCSs and UE mobility properties.

	Agreements from RAN4 #106bis-e
Issue 2-1: Numerologies in NR-NTN above 10 GHz bands
Agreement:
· RAN4 to consider the following numerologies for RRM requirement definition for NR-NTN above 10 GHz bands:
· Consider SSB SCS larger than 30kHz, i.e. 120kHz and 240kHz
· Consider UL SCS larger than 30kHz, i.e. 60kHz and 120kHz

Issue 2-2: UE UL Timing Accuracy Requirements for higher UL SCS than 30kHz in NR-NTN above 10 GHz bands
Agreement:
· The assumption of the maximum total positioning error due to UE location and Satellite position estimation error shall be tightened compared to the assumption of the existing Rel-17 NR NTN.
· The exact values and required conditions will be further discussed/determined in the future meetings.
· Alternatives can be further discussed, e.g. ECP (only for 60kHz SCS), limiting UL SCS, limiting SSB SCS, limiting UE mobility, etc.
· Note: the above “maximum total positioning error due to UE location and Satellite position estimation error” will not be specified in the requirement but it’s only used as an assumption to derive the UE Tx timing requirement.



	R4-2305926, LS on the system parameters for NTN above 10 GHz
· [bookmark: _Hlk132807320]For R18 NTN Ka band, 60 kHz and 120 kHz Sub-Carrier Spacing (SCS) are considered. 120 kHz and 240 kHz SCS are considered for SSB.
· The possibility of operating with 30 kHz SCS for both data and SSB to support smaller channel bandwidth than 50 MHz is not precluded in RAN4 at this moment, pending on feasibility study conclusion.
· 50, 100 and 200 MHz channel bandwidths are supported for 60 kHz SCS.
· 50, 100, 200 and 400 MHz channel bandwidths are supported for 120 kHz SCS.



In order to preserve inter-symbol and -carrier orthogonality in uplink, the total UL timing error shall not be larger than half of CP minus fading channel delay spread. According to TR38.811, in Ka band with directional antennas, echoes with significant delay are normally filtered out by the antenna radiation pattern, so flat fading can be assumed. Thus, we can formulate the following criterion for the analysis of the required UE positioning error. Note that we assume the satellite position estimation error considered in Rel-17 (30 meters) won’t be further tightened because it has nothing to do with UE type or band.
· Tg =  0.5*Tcp – (Td + Tp + Tr + Ta) > 0: 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)

The following are the maximum UE position estimation errors that fulfil the above criterion.
· Case A-1: {SCS of SSB, SCS of UL Channel/Signal} = {120kHz, 60kHz}
· Up to 30m
· Case A-2: {SCS of SSB, SCS of UL Channel/Signal} = {120kHz, 120kHz}
· Up to 5m
· Case B-1: {SCS of SSB, SCS of UL Channel/Signal} = {240kHz, 60kHz}
· Up to 30m
· Case B-2: {SCS of SSB, SCS of UL Channel/Signal} = {240kHz, 120kHz}
· Up to 5m

Proposal 1: To support UL SCS of 60kHz in Ka band, when SSB SCS equal to or higher than 120kHz is assumed the overall UE and satellite positioning error to be considered for UE UL timing accuracy requirement shall not be larger than [60] meters.
Proposal 2: To support UL SCS of 120kHz in Ka band, when SSB SCS equal to or higher than 120kHz is assumed the overall UE and satellite positioning error to be considered for UE UL timing accuracy requirement shall not be larger than [35] meters, which may be achievable only if UE mobility can be assumed stationary. FFS on whether the tightened requirement can be applied for mobile UE.
3.	Conclusion
Proposals are summarized below:
Proposal 1: To support UL SCS of 60kHz in Ka band, when SSB SCS equal to or higher than 120kHz is assumed the overall UE and satellite positioning error to be considered for UE UL timing accuracy requirement shall not be larger than [60] meters.
Proposal 2: To support UL SCS of 120kHz in Ka band, when SSB SCS equal to or higher than 120kHz is assumed the overall UE and satellite positioning error to be considered for UE UL timing accuracy requirement shall not be larger than [35] meters, which may be achievable only if UE mobility can be assumed stationary. FFS on whether the tightened requirement can be applied for mobile UE.
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