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Introduction
Based on the agreements in [1], we provide discussion on how to define UE transmit timing requirements for NTN.
Discussion
[bookmark: OLE_LINK186][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In RAN4#101-e meeting, RAN4 has achieved the agreements on the initial transmit timing requirements for NTN UE (Te_NTN). However, whether to specify UE behaviour related requirements separately and how to define gradual timing adjustment requirements need to be further studied. Besides, how to define TA adjustment accuracy requirements also needs to be further discussed.
UE specific TA estimation
According to RAN1’s agreements, UE specific TA is assumed to pre-compensate for the service link delay. So, the UE specific TA is assumed to be the RTT between the serving satellite and the UE. The UE performs UE specific TA estimation according to UE position and serving satellite position. How to specify UE behaviour on updating rate for UE specific TA estimation means how often UE to perform UE and serving satellite position estimation. The UE performs autonomous uplink transmission timing adjustment accordingly when detecting the UE specific TA change. Hence, the UE behaviour on UE specific TA estimation shall also be taken into account when defining gradual timing adjustment requirements.
Proposal 1: The UE behaviour on UE specific TA estimation can be taken into account when defining gradual timing adjustment requirements, and there is no need to specify UE behaviour requirements for UE specific TA estimation separately.
Gradual timing adjustment 
RAN4 agreed that new gradual timing adjustment requirements need to be introduced for NTN network. For gradual timing adjustment requirements, it is suggested to consider both the downlink reception timing drifting rate and the UE specific TA updating rate for defining the aggregate adjustment rates Tp_NTN and Tq_NTN.
For NTN network, the total time advance value includes four inputs. At least two values of them (NTA and NTA,offset) are directly indicated by network. The UE performs common TA estimation according to the parameters provided by the network. The common TA is considered to compensate for the feeder link delay. The UE-specific TA is considered to compensate for the serving link delay. The reference point of uplink transmit timing is defined as the downlink reception timing minus the total time advance. For LEO scenario, the total delay variation observed at the UE side includes both feeder link delay variation and serving link delay variation. For this case, the UE needs to perform performs autonomous timing adjustments according to the downlink timing drift, the update of UE specific TA and the common TA drift. For GEO scenario, the feeder link delay variation can be negligible, and the total delay variation observed at the UE side only needs to consider the serving link delay variation. For this case, the UE needs to perform performs autonomous timing adjustments according to the downlink timing drift and the update of UE specific TA.
Proposal 2: For GEO scenario, the UE performs autonomous timing adjustment according to the downlink timing drift and the update of UE specific TA, where the common TA is assumed to be a fixed value.
Proposal 3: For LEO scenario, the UE performs autonomous timing adjustment according to the downlink timing drift, the update of UE specific TA and the common TA drift.
The value of common TA is calculated based on the parameters indicated by network. So, how to compensate for the feeder link delay by indicating common TA is up to network implementation. How to compensate for the serving link delay by estimating UE-specific TA is up to UE implementation. We suggest to test the gradual timing adjustment requirements when common TA is indicated as a fixed value.
Proposal 4: It is suggested that the gradual timing adjustment requirements is tested when the common TA is assumed to be a fixed value, i.e. GEO scenario.
UE can perform downlink reception timing estimation based on SSB signals. The maximum SSB periodicity is 160ms. So, it can be assumed that the UE can perform at least once downlink reception timing estimation per 200ms. The value of common TA is calculated based on the parameters indicated by network and can be updated at least every 200ms. UE performs UE-specific TA estimation according to estimated UE position and serving satellite position. The serving satellite position is estimated based the ephemeris information of serving satellite which is indicated by network and can be updated at least every 200ms. But the update rate of UE position estimation is up to UE implementation, i.e. the update rate of UE-specific TA estimation is up to UE implementation.
If UE is able to perform once UE-specific TA estimation every 200ms, then the UE behavior of gradual timing adjustment can be shown as Table 1.
Table 1: Example #1 for gradual timing adjustment with fixed common TA
	Time
	Propagation delay
	Downlink drift
	NTA
	NTA,UE-specific
	Target TA = NTA+NTA,UE-specific
	Applied TA

	t0
	Tprop,0
	0
	0
	2Tprop,0
	2Tprop,0
	2Tprop,0

	t0+200ms
	Tprop,0+ΔT
	ΔT
	0
	2Tprop,0+2ΔT
	2Tprop,0+2ΔT
	2Tprop,0+2ΔT

	t0+400ms
	Tprop,0+2ΔT
	2ΔT
	0
	2Tprop,0+4ΔT
	2Tprop,0+4ΔT
	2Tprop,0+4ΔT

	t0+600ms
	Tprop,0+3ΔT
	3ΔT
	0
	2Tprop,0+6ΔT
	2Tprop,0+6ΔT
	2Tprop,0+6ΔT

	t0+800ms
	Tprop,0+4ΔT
	4ΔT
	0
	2Tprop,0+8ΔT
	2Tprop,0+8ΔT
	2Tprop,0+8ΔT

	t0+1000ms
	Tprop,0+5ΔT
	5ΔT
	0
	2Tprop,0+10ΔT
	2Tprop,0+10ΔT
	2Tprop,0+10ΔT

	t0+1200ms
	Tprop,0+6ΔT
	6ΔT
	0
	2Tprop,0+12ΔT
	2Tprop,0+12ΔT
	2Tprop,0+12ΔT

	t0+1400ms
	Tprop,0+7ΔT
	7ΔT
	0
	2Tprop,0+14ΔT
	2Tprop,0+14ΔT
	2Tprop,0+14ΔT

	t0+1600ms
	Tprop,0+8ΔT
	8ΔT
	0
	2Tprop,0+16ΔT
	2Tprop,0+16ΔT
	2Tprop,0+16ΔT

	t0+1800ms
	Tprop,0+9ΔT
	9ΔT
	0
	2Tprop,0+18ΔT
	2Tprop,0+18ΔT
	2Tprop,0+18ΔT

	t0+2000ms
	Tprop,0+10ΔT
	10ΔT
	0
	2Tprop,0+20ΔT
	2Tprop,0+20ΔT
	2Tprop,0+20ΔT

	t0+2200ms
	Tprop,0+11ΔT
	11ΔT
	0
	2Tprop,0+22ΔT
	2Tprop,0+22ΔT
	2Tprop,0+22ΔT

	t0+2400ms
	Tprop,0+12ΔT
	12ΔT
	0
	2Tprop,0+24ΔT
	2Tprop,0+24ΔT
	2Tprop,0+24ΔT

	t0+2600ms
	Tprop,0+13ΔT
	13ΔT
	0
	2Tprop,0+26ΔT
	2Tprop,0+26ΔT
	2Tprop,0+26ΔT

	t0+2800ms
	Tprop,0+14ΔT
	14ΔT
	0
	2Tprop,0+28ΔT
	2Tprop,0+28ΔT
	2Tprop,0+28ΔT

	t0+3000ms
	Tprop,0+15ΔT
	15ΔT
	0
	2Tprop,0+30ΔT
	2Tprop,0+30ΔT
	2Tprop,0+30ΔT

	…
	
	
	
	
	
	

	Note: UE is assumed to update UE-specific TA every 200ms. Both NTA,offset and common TA are assumed as zero.


Assuming that the downlink timing drift rate is ΔT every 200ms, the UE specific TA drift rate shall be 2ΔT every 200ms. Considering that the direction of TA drift is opposite to the direction of downlink timing drift, the combined UE timing adjustment rate is ΔT every 200ms, i.e. Tq_NTN = ΔT. It can be observed that the UE specific TA can be updated to track the propagation delay drift. The applied TA is aligned with the target TA.
However, UE may not be able to perform UE-specific TA estimation every 200ms. For example, the UE is only able to perform UE-specific TA estimation every one second. For this case, the UE behavior of gradual timing adjustment can be shown as Table 2. 
Table 2: Example #2 for gradual timing adjustment with fixed common TA
	Time
	Propagation delay
	Downlink drift
	NTA
	NTA,UE-specific
	Target TA = NTA+NTA,UE-specific
	Applied TA

	t0
	Tprop,0
	0
	0
	2Tprop,0
	2Tprop,0
	2Tprop,0

	t0+200ms
	Tprop,0+ΔT
	ΔT
	2ΔT
	2Tprop,0
	2Tprop,0+2ΔT
	2Tprop,0+2ΔT

	t0+400ms
	Tprop,0+2ΔT
	2ΔT
	4ΔT
	2Tprop,0
	2Tprop,0+4ΔT
	2Tprop,0+4ΔT

	t0+600ms
	Tprop,0+3ΔT
	3ΔT
	6ΔT
	2Tprop,0
	2Tprop,0+6ΔT
	2Tprop,0+6ΔT

	t0+800ms
	Tprop,0+4ΔT
	4ΔT
	8ΔT
	2Tprop,0
	2Tprop,0+8ΔT
	2Tprop,0+8ΔT

	t0+1000ms
	Tprop,0+5ΔT
	5ΔT
	10ΔT
	2Tprop,0+10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+10ΔT

	t0+1200ms
	Tprop,0+6ΔT
	6ΔT
	10ΔT
	2Tprop,0+10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+12ΔT

	t0+1400ms
	Tprop,0+7ΔT
	7ΔT
	10ΔT
	2Tprop,0+10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+14ΔT

	t0+1600ms
	Tprop,0+8ΔT
	8ΔT
	10ΔT
	2Tprop,0+10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+16ΔT

	t0+1800ms
	Tprop,0+9ΔT
	9ΔT
	10ΔT
	2Tprop,0+10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+18ΔT

	t0+2000ms
	Tprop,0+10ΔT
	10ΔT
	10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+30ΔT
	2Tprop,0+20ΔT

	t0+2200ms
	Tprop,0+11ΔT
	11ΔT
	10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+30ΔT
	2Tprop,0+22ΔT

	t0+2400ms
	Tprop,0+12ΔT
	12ΔT
	10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+30ΔT
	2Tprop,0+24ΔT

	t0+2600ms
	Tprop,0+13ΔT
	13ΔT
	10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+30ΔT
	2Tprop,0+26ΔT

	t0+2800ms
	Tprop,0+14ΔT
	14ΔT
	10ΔT
	2Tprop,0+20ΔT
	2Tprop,0+30ΔT
	2Tprop,0+28ΔT

	t0+3000ms
	Tprop,0+15ΔT
	15ΔT
	10ΔT
	2Tprop,0+30ΔT
	2Tprop,0+40ΔT
	2Tprop,0+30ΔT

	…
	
	
	
	
	
	

	Note: UE is assumed to update UE-specific TA every 1 second. Both NTA,offset and common TA are assumed as zero.


Assuming that the downlink timing drift rate is ΔT every 200ms, the UE specific TA drift rate shall be 10ΔT every one second. During the 1st second, the value of UE specific TA is not updated and TA command needs to be indicated by the gNB to compensate for the propagation delay variation. At the start of the 2nd second, The value of UE specific TA is updated and increased by 10ΔT, which exceeds the maximum adjustment step (Tq_NTN=ΔT). During the 2nd second, the UE perform gradual timing adjustments and it needs to take 1 second for UE to complete the timing adjustments. At the start of the 2nd second, the value of UE specific TA is updated and increased by 10ΔT again, and so on. There is the difference between target TA and applied TA, however the applied TA is aligned with the propagation delay.
It can be observed from Table 1 and Table 2 that, regardless of the update rate of UE-specific TA, if the maximum aggregate adjustment rate is aligned with the propagation delay drift rate, then the applied TA can be aligned with the propagation delay.
Proposal 5: It is suggested to define the gradual timing adjustment requirements according to the propagation delay drift rate, i.e. the maximum aggregate adjustment rate need to be aligned with the propagation delay drift rate.
· For GEO, the propagation delay drift rate equals to the serving link delay drift rate.
· For LEO, the propagation delay drift rate includes the feeder link delay drift rate and the serving link delay drift rate.
According to TS38.821, it can be observed that the maximum delay variation as seen by the UE is up to 40μs/second for LEO based NTN network. If the frequency error is assumed as 0.1ppm, then the magnitude of UE timing adjustment due to UE-specific TA updating and downlink timing drift can be summarized as Table 3.
Table 3: Timing drift for LEO based NTN network
	Parameters
	Values

	Frequency range
	FR1
	FR2

	UL SCS
	15kHz
	15kHz
	15kHz
	60kHz
	120kHz

	BWmin
	5MHz
	5MHz
	10MHz
	50MHz
	50MHz

	Sampling interval
	4Ts
	4Ts
	2Ts
	0.5Ts
	0.5Ts

	Timing drift due to 0.1ppm frequency error (per 200ms)
	20ns
	20ns
	20ns
	20ns
	20ns

	Max delay variation (per 200ms)
	8us
	8us
	8us
	8us
	8us

	Max downlink timing drift
(per 200ms)
	8.02us
	8.02us
	8.02us
	8.02us
	8.02us

	Max TA variation per 200ms
	16us
	16us
	16us
	16us
	16us

	Downlink timing drift
	248Ts
	248Ts
	248Ts
	246.5Ts
	246.5Ts

	TA variation
	496Ts
	496Ts
	494Ts
	492.5Ts
	492.5Ts

	Tq for combining downlink timing drift and TA variation 
	w/o DigRF error
	248Ts
	248Ts
	248Ts
	246.5Ts
	246.5Ts

	
	w/ DigRF error
	249.5Ts
	249.5Ts
	249.5Ts
	248Ts
	248Ts

	Note 1: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)
Note 2: DigRF error is assumed as 1.5Ts.


Proposal 6: It is suggested to consider the values of Tq in Table 3 when defining the gradual timing adjustment requirements for LEO based NTN network.
For GEO based NTN network, the the feeder link delay variation can be negligible, and the total delay variation observed at the UE side only needs to consider the serving link delay variation. If the frequency error is assumed as 0.1ppm, then the magnitude of timing adjustment due to UE-specific TA updating and downlink timing drift can be summarized as Table 4.
Table 4: Timing drift for GEO based NTN network
	Parameters
	Values

	Frequency range
	FR1
	FR2

	UL SCS
	15kHz
	15kHz
	15kHz
	60kHz
	120kHz

	BWmin
	5MHz
	5MHz
	10MHz
	50MHz
	50MHz

	Sampling interval
	4Ts
	4Ts
	2Ts
	0.5Ts
	0.5Ts

	Timing drift due to 0.1ppm frequency error (per 200ms)
	20ns
	20ns
	20ns
	20ns
	20ns

	Max UE speed
	1200 km/h
	1200 km/h
	1200 km/h
	1200 km/h
	1200 km/h

	Max delay variation (per 200ms)
	222.22 ns
	222.22 ns
	222.22 ns
	222.22 ns
	222.22 ns

	Max downlink timing drift
(per 200ms)
	242.22 ns
	242.22 ns
	242.2 ns
	242.22 ns
	242.22 ns

	Max TA variation per 200ms
	444.44 ns
	444.44 ns
	444.44 ns
	444.44 ns
	444.44 ns

	Downlink timing drift
	8Ts
	8Ts
	8Ts
	7.5Ts
	7.5Ts

	TA variation
	16Ts
	16Ts
	14Ts
	14Ts
	14Ts

	Tq for combining downlink timing drift and TA variation 
	w/o DigRF error
	8Ts
	8Ts
	8Ts
	7.5Ts
	7.5Ts

	
	w/ DigRF error
	9.5Ts
	9.5Ts
	9.5Ts
	9Ts
	9Ts

	Note 1: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)
Note 2: DigRF error is assumed as 1.5Ts.


Proposal 7: It is suggested to consider the values of Tq in Table 4 when defining the gradual timing adjustment requirements for GEO based NTN network.
TA adjustment accuracy
RAN4 has agreed that the TA adjustment requirements are applied when the UE receives a TA command from network. For the network indicated TA updating, TA adjustment error is derived from the UL timing quantization accuracy, and the existing TA adjustment requirements can reused for NTN network.
Proposal 8: It is suggested that the existing TA adjustment accuracy requirements for TN network can be applied for NTN network.
Conclusions
This contribution provides the discussion on how to define UE timing related requirements for NTN UE. The following are provided:
Proposal 1: The UE behaviour on UE specific TA estimation can be taken into account when defining gradual timing adjustment requirements, and there is no need to specify UE behaviour requirements for UE specific TA estimation separately.
Proposal 2: For GEO scenario, the UE performs autonomous timing adjustment according to the downlink timing drift and the update of UE specific TA, where the common TA is assumed to be a fixed value.
Proposal 3: For LEO scenario, the UE performs autonomous timing adjustment according to the downlink timing drift, the update of UE specific TA and the common TA drift.
Proposal 4: It is suggested that the gradual timing adjustment requirements is tested when the common TA is assumed to be a fixed value, i.e. GEO scenario.
Proposal 5: It is suggested to define the gradual timing adjustment requirements according to the propagation delay drift rate, i.e. the maximum aggregate adjustment rate need to be aligned with the propagation delay drift rate.
· For GEO, the propagation delay drift rate equals to the serving link delay drift rate.
· For LEO, the propagation delay drift rate includes the feeder link delay drift rate and the serving link delay drift rate.
Proposal 6: It is suggested to consider the values of Tq in Table 3 when defining the gradual timing adjustment requirements for LEO based NTN network.
Proposal 7: It is suggested to consider the values of Tq in Table 4 when defining the gradual timing adjustment requirements for GEO based NTN network.
Proposal 8: It is suggested that the existing TA adjustment accuracy requirements for TN network can be applied for NTN network.
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