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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4#97-e a WF on NTN RRM requirements was approved [1]. In this contribution we develop some of the topics in the WF.
	
Topic #1: General RAN4 RRM NTN related aspects
· Wait for the Reference Point (RP) to be defined by RAN1.
…

Topic #2: GNSS requirements
· Further discuss the required accuracy (depending on the scenarios) of external reference to be used for UE timing & frequency pre-compensation and how this compares with the accuracy provided by GNSS in a practical setup.
…

Topic #4: NTN UL Time synchronization requirements 
· The following requirements shall be defined but require RAN1 further progress
· Timing Advance adjustment accuracy considering
· At least the total error budget for regulating TA during a call: ΔUE-pos, ΔSat-pos, Timing Advance adjustment accuracy and TA command resolution error, 
· FFS for other cases
· Timing error limits & UE Time alignment behavior
· More investigation required for timing error requirement;
· FFS: at least CP will have to be preserved.
…

Topic #5: NTN UL frequency synchronization requirement
· Even if UE Doppler UL pre-compensation method is based on GNSS, NTN UL Synchronization Requirement can be considered in RF session.
· No concern raised so far. It is agreed to have UL pre-compensation method based on GNSS. The final UE UL frequency accuracy requirement is defined in RAN4 UE RF session.



2	Reference Point Definition
The analysis in this section depends on the final procedures for initial access and subsequent maintenance of Timing Advance (TA), as defined by RAN1 and RAN2. The actual mechanism could determine the biggest uncertainty factors at initial access and in the TA loop, during a call.
[image: ]
[bookmark: _Ref54185336]Figure 1: TA adjustment loop
In Figure 1 a LEO orbit with dRTT/dt = 40 ns/ms is assumed (40 µs/s, from Table 7.1-1 in [2]). The time from UL transmit at T0 to measurement and processing of TA in BS and back at T4 is 26 ms + processing and this corresponds to 1.5 µs in Figure 1. Then the UE has to wait for first scheduled UL slot which depends on UL period and amount of data. This means that the next TA adjustment will also be off by the same amount and we get a bias. 
It is still fair to analyze existing RAN4 RRM time requirements based on the foundation that we still have a system with a CP and we need to preserve that CP, so the system can work in a time dispersive environment. The UE will have to function in an environment where there is scattering in very large cells.
Observation 1: The delay in the TA control loop corresponds to significant part of CP already at SCS = 15 kHz.
Assumption 1: The effect of the RTT in the TA control loop is not considered in this contribution since that is a function of the final mechanism chosen in RAN1. However CP will still have to be preserved.
From Figure 1 we can conclude that the requirements on gNB become very different if the satellite or the gNB antenna reference point is the formal reference for time and synchronization. If the satellite is time reference, then the nominal timing between DL and UL slots will be offset by the RTT between gNB and satellite and gNB will experience Doppler shift at BS RX due to satellite movement. If gNB is time and synchronization reference then we get a requirement set which is more compatible with existing release-17 baseline.
Observation 2: If gNB is time and synchronization reference then we get a requirement set which is more compatible with existing release-17 baseline.
[bookmark: _Hlk54363879]Proposal 1: RAN4 to investigate the impact on existing gNB requirements for the cases when satellite and gNB is time and frequency reference.

[image: ]
If the gNB is reference point for time and frequency requirements, then we can have Maximum reuse of existing requirements in baseline rel-16 specification. Furthermore, there is no need to compensate for feeder link Doppler and we do not have to compensate for feeder link variable delay between UL and DL slots. The drawbacks is UE needs to know GW location, or, depending on final solution chosen, the feeder link variable delay and Doppler shift has to be signaled to UE (so UE can compensate).
3	UL Time synchronization requirements 
3.1	Initial Transmission error
The formal definition of UE initial transmission timing error can be found in [3], section 7.1.2, where it is stated: 
The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
It is important to control the size of Te. The reason for this is that we have to preserve CP, so CP can perform its intended task, to make sure that a time dispersive channel with local scattering and reflections from further away, does not cause inter symbol interference.
Observation 3: It is important to control the size of Te. The reason for this is that we have to preserve CP.
Existing Te requirements in TS 38.133 strive to preserve as much as possible of CP given UE SSB timing estimation accuracy.
Table 1: Te Timing Error Limit

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 



In [4], Te = ±12 Ts = ±0.39 µs, for SCS = 15 kHz is analysed. It is concluded that:
Relax the requirement from 0.39 µs … for NR NTN UL transmission could have some impact on the PUSCH and PUCCH detection performance. Alternatively, the UE autonomously adjusts the TA to compensate the impact of the time drift at least within specified maximum transmission timing error ±Te = ± 0.39 μs , which corresponds to a position error of ±117 m.
We agree with this conclusion. It is the same as our observation 7 above. We therefore propose:
Proposal 2: Keep existing Te requirements as defined in TS 38.133, Table 7.1.2-1: Te Timing Error Limit
If a UE is subject to a positioning error ΔUE-pos (in time), the error in satellite position is ΔSat-pos (in time) and the UE SSB timing estimation accuracy is ΔUE_timing_estimate then we get:
ΔUE-pos + ΔSat-pos  + ΔUE_timing_estimate  < Te
Where all positioning errors are along the line between UE and Satellite.
Observation 4: In order to preserve CP we get that ΔUE-pos + ΔSat-pos  + ΔUE_timing_estimate  < Te 
As analysed in [4] a Te = ±12 Ts = ±0.39 µs, for SCS = 15 kHz corresponds to a total error of ±117 m. This means that ΔUE-pos + ΔSat-pos  has to be better than ±117 m to cater for limited ΔUE_timing_estimate.
3.2	Gradual timing adjustment
The parameter Te has further use to regulate gradual timing adjustment. For the gradual timing adjustment, TS 38.133 offers the following definition:
When the transmission timing error between the UE and the reference timing exceeds ±Te then the UE is required to adjust its timing to within ±Te. The reference timing shall be [image: ] 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 in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Table 7.1.2.1-1 in [3] is repeated here as Table 2.
[bookmark: _Ref52980299]Table 2: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

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

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

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



The Tq and Tp requirements are essentially a function of Te, with an aim to make sure that the UL timing follow the DL timing reference. If we take the case of LEO, then the rate of change of round-trip time can be as high as dRTT/dt = 40 µs/s ≈ 79 Tc/ms [2]. In FR1 Te is 12*64 to 7*64 Tc. This means for FR1, the UE will be required to adjust its UL timing to within ±Te every 10 ms down to every 6 ms and for FR2 this will happen every 3 to 2.5 ms.
Observation 5: A worst case maximum delay variation will trigger a gradual timing adjustment every 10 to 6 m for FR1 and every 3 to 2.5 ms for FR2 given existing gradual timing adjustment requirements.
At higher speed there is larger time variation or time drift (Td) of the DL reference signal received at the UE. This will require the UE to apply larger maximum adjustment step or aggregated maximum adjustment over 200 ms period. The time drift over a given time period (T0) can be estimated as follows:
Td = dRTT/dt * T0
Where dRTT/dt is the maximum delay variation as seen by the UE [2].
Based on the above expression the speed dependent time drift (Td) at the TBD UE speed over a duration of 200 ms is about 246 * 64 Tc, if we assume a worst case dRTT/dt = ± 40 µs/s. from Table 7.1-1 in [2]. This is very high.
Observation 6: The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case delay variation of 246 * 64 Tc.
Proposal 3: The parameter Tq and the maximum aggregate adjustment rate will have to be investigated.
3.3	TAoffset
With regards to [image: ]one can find in [3], section 7.1.2 that:
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received. The value of[image: ]depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). 
In the Work Item Description (WID) [5], FDD, is assumed for core specification work of NR-NTN and based on this [image: ]can be set to NR FDD standard values. However, since the specification TS 38.133 also cater for TDD there are values for that as well. The reason for different [image: ] values for different TDD cases is that one wants to control total overhead since [image: ]is part of the total guard time allocated to a TDD system. The different values of [image: ]can be found in Table 3.
[bookmark: _Ref52983118]Table 3 The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with LTE-NR coexistence case
	0 (Note 1)

	FR1 TDD band with LTE-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 4: Keep [image: ] as in existing TS 38.133 specification [3].
3.4	UE timer accuracy
The UE timers are used in different protocol entities to control the UE behaviour [3], section 7.2. In [3] it is further stated “For UE timers specified in TS 38.331 [3], the UE shall comply with the timer accuracies according to Table 7.2.2-1.”. This is captured in Table 4 which is shown below:
[bookmark: _Ref52983437]Table 4: UE timer accuracy (7.2.2-1 in [3])
	Timer value [s]
	Accuracy

	timer value < 4
	± 0.1s

	timer value ³ 4
	± 2.5%



The UE time accuracy rule is quite generic and works for a large set of timers with different ranges. We can keep UE timer accuracy given that the intention in NTN WID [5] I to keep as much as possible of the existing release 16 physical layer.
Proposal 5: Keep UE timer accuracy as in existing TS 38.133 specification [3].
3.5	Timing Advance
The actual mechanism is in the domain of 3GPP RAN1 specifications, but the timing advance adjustment delay and accuracy are specified in [3], in section 7.3. For the Timing advance adjustment accuracy, we have in [3], section 7.3.2.2:
The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213.
The final Timing Advance adjustment accuracy is subject to the mechanisms for Timing Advanced selected, but current TS 38.133 section 7.3.2.2 can give a baseline to work from:
[bookmark: _Ref53479233][bookmark: _Hlk54186680]Table 5: UE Timing Advance adjustment accuracy (Table 7.3.2.2-1 in [3])
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc



We get the same inversely proportional scaling (in a broad sense) between SCS and the required UE Timing Advance adjustment accuracy in Table 5. This is because of the same reasons as stated in Section 2.3.1. We need to control inaccuracies to maintain CP intact, since the CP is needed to handle the multipath delay of the large NTN cell.
For the case of SCS = 15 kHz, the UE Timing Advance adjustment accuracy is ±256 Tc which is  TA-step. This gives an indication of the uncertainties involved and an approximate relation to TA-step size.
However, the final analysis of Timing Advance adjustment accuracy has to consider the total error budget for regulating TA during a call:
· ΔUE-pos
· ΔSat-pos
· [bookmark: _Hlk54187091]Timing Advance adjustment accuracy
· [bookmark: _Hlk54187104]TA command resolution error
Observation 7: final analysis of Timing Advance adjustment accuracy has to consider the total error budget for regulating TA during a call: ΔUE-pos, ΔSat-pos, Timing Advance adjustment accuracy and TA command resolution error.
Proposal 6: Final Timing Advance adjustment accuracy depends on the mechanism chosen in RAN1 specification and the final total uncertainty budget. However, Timing Advance adjustment accuracy should scale inversely proportional to SCS (and in current specification it is  TA-step (at SCS = 15 kHz)).
3.6	Cell phase synchronization accuracy
Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. This is stated in [3] section 7.4.
[bookmark: _Hlk53483514]This is a TDD requirement and WID [5] states that FDD is assumed for core specification work for NR-NTN. 
3	Summary
Observation 1: The delay in the TA control loop corresponds to significant part of CP already at SCS = 15 kHz.
Assumption 1: The effect of the RTT in the TA control loop is not considered in this contribution since that is a function of the final mechanism chosen in RAN1. However CP will still have to be preserved.
Observation 2: If gNB is time and synchronization   reference then we get a requirement set which is more compatible with existing release-17 baseline.
Proposal 1: RAN4 to investigate the impact on existing gNB requirements for the cases when satellite and gNB is time and frequency reference.
Observation 3: It is important to control the size of Te. The reason for this is that we have to preserve CP.
Proposal 2: Keep existing Te requirements as defined in TS 38.133, Table 7.1.2-1: Te Timing Error Limit
Observation 4: In order to preserve CP we get that ΔUE-pos + ΔSat-pos  + ΔUE_timing_estimate  < Te 
Observation 5: A worst case maximum delay variation will trigger a gradual timing adjustment every 10 to 6 ms for FR1 and every 3 to 2.5 ms for FR2 given existing gradual timing adjustment requirements.
Observation 6: The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case delay variation of 246 * 64 Tc.
Proposal 3: The parameter Tq and the maximum aggregate adjustment rate will have to be investigated.
Proposal 4: Keep [image: ] as in existing TS 38.133 specification [3].
Proposal 5: Keep UE timer accuracy as in existing TS 38.133 specification [3].
Observation 7: final analysis of Timing Advance adjustment accuracy has to consider the total error budget for regulating TA during a call: ΔUE-pos, ΔSat-pos, Timing Advance adjustment accuracy and TA command resolution error.
Proposal 6: Final Timing Advance adjustment accuracy depends on the mechanism chosen in RAN1 specification and the final total uncertainty budget. However, Timing Advance adjustment accuracy should scale inversely proportional to SCS (and in current specification it is  TA-step (at SCS = 15 kHz)).
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