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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #108, the issues in the objective of ‘NR-NTN deployment in above 10 GHz’ were collected in WF [1]. Later, in 3GPP TSG-RAN Meeting #101, further agreements were obtained in WF [2] to clarify the scenarios for the objective.  
In this contribution, we herein present our views and proposals on the remaining issues.
Discussion
Recap agreements in [2] in the below:
	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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One interpretation of proposal 1 is that the three cases may be applied may be applied to each UE architectures, i.e. type 1 or type 2. For example, a type1 UE can be a stationary UE for GSO, a stationary UE for LEO or a mobile UE for GSO.
It is rational that the type 1 UE doesn’t need to do antenna/receive beam sweeping for measurements like how the FR2 hand-held UE does in TN, since the type 1 UE always knows its position and the positions of the satellites to be measured. The type 1 UE can switch its antenna/receive beam towards a neighboring satellite within negligible time (e.g. in order of microseconds) compared to the measurement period. Even the mobile type 1 UE (e.g. mounted on a vehicle) for GSO doesn’t require extra sweeping time because the mobile type 1 UE’s position and antenna angle to each satellite are almost static during the measurement delay. 
Observation 1: A type 1 UE can be a stationary type 1 UE for GSO, a stationary type 1 UE for LEO or a mobile type 1 UE for GSO.
Proposal 1: No RX beam sweeping factor is needed for the type 1 UE. Reuse FR1 NTN requirements, except for the requirements relying on SCS, e.g., UE uplink timing accuracy. 

UE Uplink Timing Accuracy
In WF [3] it was agreed to further analyse the accuracy assumptions of UE GNSS for NTN evolution and UL SCS = 60 kHz and 120 kHz:
	…
[bookmark: _Hlk135873855]Topic #1: NR-NTN deployment in above 10 GHz bands
Agreement:
· The scope of the work needed to define the RRM requirements (i.e. beam steering related) necessary for NR-NTN UEs operating in the NTN example band (i.e. Ka band) based on associated assumptions of the UE architecture
· 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
…



In this contribution we analyze issue 2-1, UE UL Timing Accuracy Requirements for UL SCSs of 60kHz and 120kHz.
Baseline equation
In [2] the following dimensioning equation was proposed:
· 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 inequality of Tg is a good baseline for first order analysis, but it lacks a couple of additive terms in the total delay budget, namely:
· Tch: The radio channel delay spread [3]. In [3], we have Table 6.7.2-1b: Channel model parameters for Dense Urban Scenario (LOS) in Ka band, which states lgDS = -7.62 and lgDS = 0.78, where lgDS=log10(DS/1s) is log DS and DS is Delay Spread. This means that the  + 1* channel delay spread becomes -7.62 + 0.78 = -6.84 and DS = 10^(-6.84) = 144 ns.
· Tdr: Timing drift from DL timing estimation to UL transmission. Current RAN4 requirements in FR2-1 assume availability of an SSB in last 160 ms [4]. An allowed frequency offset at UE TX of 0.1 ppm from TS 38.101 corresponds to 16 ns.
If we add these terms the inequality Tg becomes:
Tcp – Tch – 2*(Td + Tp + Tr + Ta + Tdr) > 0
and
Te = Td + Tdr + Tp
For SSB SCS  kHz and UL SCS   kHz we get:
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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 4.3 to 4.5 Ts, which corresponds to a total position error of 21 to 22 m to distribute among satellite and UE. The Te value = 5.3 Ts. 
Observation 3: 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 11 Ts, which corresponds to a total position error of 54 m to distribute among satellite and UE. The Te value = 12 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
	12*64*Tc

	
	
	120
	5.3*64*Tc

	
	240
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc



Proposal 2: Te_NTN Timing Error Limit 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc

	
	240
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc






Conclusion
Observation 1: A type1 UE can be a stationary UE for GSO, a stationary UE for LEO or a mobile UE for GSO.
Proposal 1: No RX beam sweeping factor is needed for the type 1 UE. Reuse FR1 NTN requirements, except for the requirements relying on SCS, e.g., UE uplink timing accuracy. 
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 4.3 to 4.5 Ts, which corresponds to a total position error of 21 to 22 m to distribute among satellite and UE. The Te value = 5.3 Ts. 
Observation 3: 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 11 Ts, which corresponds to a total position error of 54 m to distribute among satellite and UE. The Te value = 12 Ts.
Proposal 2: Te_NTN Timing Error Limit 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc

	
	240
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc
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a Proposal 2: RAN recommends RAN4 to define the following RRM requirements for example band (Ka

band) in the table below as baseline.
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