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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #107, the conclusions on RRM requirements for NR NTN enhancement were collected in WF [1]. In this contribution, we herein present our views and proposals on the remaining issues in the objective of ‘NR-NTN deployment in above 10 GHz’. 
Discussion
UE UL Timing Accuracy Requirements for UL SCSs of 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:
	…
Issue 2-1: UE UL Timing Accuracy Requirements for UL SCSs of 60kHz and 120kHz
Agreement:
· The assumption of the maximum total positioning error due to UE location and Satellite position estimation error shall be tightened as below:
· For UL SCS of 60kHz, [X] meters.
· For UL SCS of 120kHz, [Y] meters
· The above is applicable only when SSB SCS is equal to or higher than 120kHz
· FFS on whether applicable to UE in mobile platform.
· FFS on whether and how to connect the tightened UE positioning error to the advanced GNSS capability or UE type.
· 	FFS whether to use different requirements for different types of devices defined in the RF session and/or different satellite types
· FFS on different UE UL Timing Accuracy Requirements for different physical signals/channels, e.g. relaxed requirements for PRACH for certain PRACH formats, compared to other signal/channels.

…



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
For UL SCS = 120 kHz and DL SSB SCS = 240 kHz we get a Tp < 4.5 Ts
	Tcp
	Tch
	Td
	Tr
	Ta
	Tdr
	Tp

	18,00
	4,42
	0,27
	1,00
	0,50
	0,49
	4,53



This means that for a UE with zero implementation margin when it comes to Te requirement then we have a total round trip error allowance of 4.5 Ts, which corresponds to a total position error X+Y = 22 m. The actual Te for For UL SCS = 120 kHz and DL SSB SCS = 240 kHz is 3 Ts in existing FR2-1 specification.
Observation 1: A UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 4.5 Ts, which corresponds to a total position error X+Y = 22 m. 
Observation 2: The actual Te for For UL SCS = 120 kHz and DL SSB SCS = 240 kHz is 3 Ts in existing Fr2-1 specification. Worst case this leaves 1.5 Ts for round trip time error due to positioning, then total position error X+Y = 7 m.
For UL SCS = 60 kHz and DL SSB SCS = 120 kHz we get a Tp < 11 Ts
	Tcp
	Tch
	Td
	Tr
	Ta
	Tdr
	Tp

	36,00
	4,42
	0,53
	2,00
	2,00
	0,49
	10,76



This means that for a UE with zero implementation margin when it comes to Te requirement, then we have a total round trip error allowance of 11 Ts, which corresponds to a total position error X+Y = 52 m. The actual Te for For UL SCS = 60 kHz and DL SSB SCS = 120 kHz is 3.5 Ts in existing FR2-1 specification.
Observation 3: A UE with zero implementation margin when it comes to Te requirement, has have a total round trip error allowance of 11 Ts, which corresponds to a total position error X+Y = 52 m.
Observation 4: The actual Te for For UL SCS = 60 kHz and DL SSB SCS = 120 kHz is 3.5 Ts in existing FR2-1 specification. Worst case this leaves 7.5 Ts for round trip time error due to positioning, then total position error X+Y = 37 m.
Characteristics of GNSS position time series
In ATG WI an LS reply was sent [5] from previous RAN4 meeting. This discussion triggered discussion around the possible use of existing closed loop TA to correct any open loop errors due to error in positions.
In TS 38-211 it is specified:

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
Where  constitutes the closed loop part. The closed loop TA control can be used to nudge UL timing in place, optimizing BS RX demodulation performance, in case BS RX notice that UL timing is slipping due to UE mobility or other timing errors in open loop TA ().
The issue is that if the baseline equation Tcp – Tch – 2*(Td + Tp + Tr + Ta + Tdr) > 0. From section 2.1 can never be met because of too large Tp allowance (round trip propagation delay estimation error due to UE position and satellite position estimation errors) then there will always be a residual error to settle and this residual error has to develop within gradual adjustment limits.
The final issue then becomes to settle if the time series development of UE position error is highly correlated between samples (low pass filtered) or of the position samples are uncorrelated. 
[image: ][image: ]
Figure 1: Highly correlated position samples from UE GNSS compared to uncorrelated samples.
The position uncertainty must develop in such a way that the position uncertainty develops much more slowly than the Gradual Timing Adjustments for NTN:
7.1C.2.1	Gradual timing adjustment
When the transmission timing error between the UE and the reference timing exceeds Te_NTN then the UE is required to adjust its timing to within Te_NTN. The reference timing shall be  before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change, apart from a change of  due to satellite position update and  between the previous transmission and the current transmission, in one adjustment shall be Tq_NTN.
2)	The minimum aggregate adjustment rate, apart from a change of  due to satellite position update and  during the last one second, shall be Tp_NTN per second.
3)	The maximum aggregate adjustment rate, apart from a change of  due to satellite position update and  during the last 200ms, shall be Tq_NTN per 200 ms.
Where, the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in Table 7.1C.2.1-1.
Table 7.1C.2.1-1: Tq_NTN Maximum Autonomous Time Adjustment Step and Tp_NTN Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]



Observation 5: If the baseline equation Tcp – Tch – 2*(Td + Tp + Tr + Ta + Tdr) > 0. From section 2.1 can never be met because of too large Tp allowance (round trip propagation delay estimation error due to UE position and satellite position estimation errors) then there will always be a residual error to settle and this residual error has to develop within gradual adjustment limits.
Observation 6: The position uncertainty must develop in such a way that the position uncertainty develops much more slowly than the Gradual Timing Adjustments for NTN

Measurement and Mobility Requirements in NR-NTN above 10 GHz bands
The following was the outcome regarding WF on NR_NTN_enh_UERF in last meeting. 
	Issue 1-1: Differentiate UE types from mobility perspective
Issue 1-2: Differentiate antenna assumption for GEO and LEO UE
Agreement:
· At least consider the differentiation between mechanical and electronic steering;
· FFS on phased array or parabolic;
· Encourage satellite companies to provide the data to show the beam switching delay.
· As the baseline, assume that UE has the single beam towards one single satellite at a given time.



It is likely that mobility relevant types of UE shall be defined and provided by UE capability for the reason of measurements. At the least, fixed UE and mobile UE shall be distinguished from measurement requirements perspective since they may have different behaviors when executing measurements. 
From RRM perspective, fixed UE capability indicates the UE may keep constant position/angle (elevation and horizontal angle) relative to earth coordinates, conversely, mobile UE capability may not guarantee constant position/angle. To the end, beam sweeping shall be checked, phased array or parabolic antenna may be implemented in in the fixed UE and mobile UE both.
Proposal 1: Two types of UE capability: fixed UE and mobile UE shall be studied. If necessary, UE capability shall be extended to indicate fixed UE or mobile UE for measurement requirements.
Proposal 2: Different RX beam sweeping mechanism for phased array and parabolic antenna shall be considered for fixed UE and mobile UE both. Wait for further conclusion from UERF session. 
Observation 7: The agreement in UERF session: ‘UE has the single beam towards one single satellite at a given time.’ is vague and difficult to progress towards any requirements regarding it.


Conclusion
Observation 1: A UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 4.5 Ts, which corresponds to a total position error X+Y = 22 m. 
Observation 2: The actual Te for For UL SCS = 120 kHz and DL SSB SCS = 240 kHz is 3 Ts in existing Fr2-1 specification. Worst case this leaves 1.5 Ts for round trip time error due to positioning, then total position error X+Y = 7 m.
Observation 3: A UE with zero implementation margin when it comes to Te requirement, has have a total round trip error allowance of 11 Ts, which corresponds to a total position error X+Y = 52 m.
Observation 4: The actual Te for For UL SCS = 60 kHz and DL SSB SCS = 120 kHz is 3.5 Ts in existing FR2-1 specification. Worst case this leaves 7.5 Ts for round trip time error due to positioning, then total position error X+Y = 37 m.
Observation 5: If the baseline equation Tcp – Tch – 2*(Td + Tp + Tr + Ta + Tdr) > 0. From section 2.1 can never be met because of too large Tp allowance (round trip propagation delay estimation error due to UE position and satellite position estimation errors) then there will always be a residual error to settle and this residual error has to develop within gradual adjustment limits.
Observation 6: The position uncertainty must develop in such a way that the position uncertainty develops much more slowly than the Gradual Timing Adjustments for NTN
Proposal 1: Two types of UE capability: fixed UE and mobile UE shall be studied. If necessary, UE capability shall be extended to indicate fixed UE or mobile UE for measurement requirements.
Proposal 2: Different RX beam sweeping mechanism for phased array and parabolic antenna shall be considered for fixed UE and mobile UE both. Wait for further conclusion from UERF session. 
Observation 7: The agreement in UERF session: ‘UE has the single beam towards one single satellite at a given time.’ is vague and difficult to progress towards any requirements regarding it.
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