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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 requirements for NTN UE initial transmit timing error (Te_NTN). However, RAN4 needs to further study the definition of reference timing. Besides, how to define gradual timing adjustment requirements need to be further studied.
Reference timing for UE transmit timing
For NTN UE, the reference timing for the UE transmit timing as defined as the downlink reception timing of the reference cell minus (NTA + NTA,UE-specific + NTA,common + NTA,offset). The definition of NTA and NTA,offset for NTN UE are same as that for legacy UE. The definition of NTA,UE-specific and NTA,common need to be clarified for NTN UE.
RAN1 achieved the following agreements on NTA,UE-specific and NTA,common.
	Agreement
The reference point of the epoch time for assistance information (i.e. Serving satellite ephemeris and Common TA parameters) should be known by UE.
· FFS: the definition of the reference point
Conclusion
 is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris.
· How the UE calculates/updates NTA, UE-specific is left to UE implementation.

Agreement
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time ( used for  calculation as follows:

where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameters defined in RAN1#106-bis-e
·  is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.

Agreement
Confirm the Working assumption on granularity and bits allocation for Common TA parameters: Value range, granularity and bits allocation of Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are as follows:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   … +-53.33 ) 
	
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 )
	
	15 bits

	· Value ranges are given in unit of corresponding granularity



Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.
Agreement
The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.


The above RAN1 agreements can be used for the clarification of NTA,UE-specific and NTA,common in RAN4 spec, and the followings are proposed.
Proposal 1: NTA,UE-specific is defined as the TA value used to pre-compensate the two-way propagation delay between the serving satellite and the UE. The one-way propagation delay between the serving satellite and the UE is calculated by using the UE location and the serving satellite location. The serving satellite location is expected to be derived from the serving satellite ephemeris indicated by network.
Proposal 2: NTA,common is defined as the TA value used to pre-compensate the two-way transmission delay between the uplink time reference point and the serving satellite. The one-way transmission delay between the uplink time reference point and the serving satellite () is calculated as follows:

Where:
· TACommon, TACommonDrift and TACommonDriftVariation, are common TA parameters indicated in SIB of the reference cell.
· When a SFN and a sub-frame number are provided through the SIB or dedicated signalling,   is the starting time of the corresponding DL sub-frame. Otherwise,  is the end of the SI window during which the SI message is transmitted.
·  is the starting time of the slot on which NTA,common is applied.

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.
UE uplink transmit timing is derived by the downlink reception timing minus a time advance. The total time advance value for NTN UE transmit timing includes four inputs: NTA, NTA,UE-specific, NTA,common and NTA,offset. NTA,offset is a fixed value indicated by network. NTA is also indicated by network and only needs to be updated when UE receives a MAC-CE based TA command.
NTA,common is assumed to pre-compensate the two-way transmission delay between the uplink time synchronization reference position and the serving satellite. NTA,common is calculated based on the indicated common TA parameters and the time difference between the epoch time of common TA parameters and the time for applying this NTA,common. If TACommonDrift and TACommonDriftVariation are provided in common TA parameters, then the value of NTA,common will be impacted by the time difference between the epoch time and the current time, the value of NTA,common will be different for each subframe. UE shall be able to update the value of NTA,common for each subframe timely.
Proposal 3: It is assumed that UE is able to update the value of NTA,common for each subframe.
NTA,UE-specific is assumed to pre-compensate the two-way transmission delay between the serving satellite location and the UE location. The serving satellite location is calculated based on the indicated serving satellite ephemeris, and UE also shall be able to calculate the serving satellite location for each subframe. However, UE performs GNSS measurements to acquire its location. UE may update its location every second. Then, it can be assumed that UE is able to update the value of NTA,UE-specific for each subframe, which is calculated based on the serving satellite location for this subframe and the latest estimated UE location. 
Proposal 4: It is assumed that UE is able to calculate the serving satellite location for each subframe.
Proposal 5: It is assumed that UE is able to update the value of NTA,UE-specific  for each subframe, which is calculated based on the serving satellite location for this subframe and the latest estimated UE location, which leads that the estimation error of NTA,UE-specific will not exceed the UE moving distance during one update periodicity divided by the speed of light.
If UE is assumed to derive downlink reception timing only based on SSB signals, then the update periodicity of downlink reception timing would be limited by the SSB periodicity. The downlink reception timing drift is determined by the propagation delay variation which includes both feeder link propagation delay variation and service link propagation delay variation. In RAN1, it is assumed that there is no offset between the common TA according to the parameters provided by the network and the actual feeder link RTT when defining UE UL timing error requirements. Then, the feeder link propagation delay variation can be derived from the common TA drift. Similarly, the service link propagation delay variation can be derived from UE specific TA drift. Based on the above discussion, UE is assumed to update common TA and UE specific TA for each subframe. Then, UE can be assumed to update its downlink reception timing at the subframe without SSB signal according to the common TA and the estimated UE specific TA for this subframe.
Proposal 6: It is assumed that UE is able to update its downlink reception timing for each subframe according to the estimated common TA and the estimated UE specific TA for this subframe.
For each subframe, the magnitude of uplink transmit timing adjustment due to serving satellite movement can be expected according to the indicated common TA parameters and the indicated serving satellite ephemeris, but the unexpected part is the uplink transmit timing adjustment due to UE movement. For a stationary UE, the magnitude of uplink transmit timing adjustment for each subframe can be expected by NTN network. So, we suggest to define the gradual timing adjustment requirements based on the unexpected part, i.e. timing adjustment due to UE movement.
Observation 1: For a stationary UE, the magnitude of uplink transmit timing adjustment due to serving satellite movement can be expected according to the indicated common TA parameters and the indicated serving satellite ephemeris.
Proposal 7: For NTN UE, we suggest to define the gradual timing adjustment requirements according to the timing drift due to UE movements.
Based on the above assumption, the maximum magnitude of uplink transmit timing adjustment occurs on the subframe when UE updates the estimated UE location information, which would not exceed the UE moving distance during one update periodicity divided by the speed of light. Since how to estimate/update UE location information is to UE implementation, we suggest to define the maximum timing adjustment step according to the UE moving distance during 200ms. RAN4 agreed to define the same gradual timing adjustment requirements for different NTN topologies. For NTN network, the UE speed can be up to 1200km/h, then the timing drift rate due to UE movement can be summarized as Table 1.
Table 1: Timing drift due to UE movement for NTN network
	Parameters
	Values

	Frequency range
	FR1

	UL SCS
	15kHz
	15kHz
	15kHz

	BWmin
	5MHz
	5MHz
	10MHz

	Sampling interval
	4Ts
	4Ts
	2Ts

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

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

	Max delay variation due to UE movement (per 200ms)
	222.22 ns
	222.22 ns
	222.22 ns

	Max downlink timing drift due to UE movement and frequency error (per 200ms)
	242.22 ns
	242.22 ns
	242.2 ns

	Max TA variation due to UE movement per 200ms
	444.44 ns
	444.44 ns
	444.44 ns

	Tq for combining downlink timing drift and TA variation 
	w/o DigRF error
	242.22 ns
(8Ts)
	242.22 ns
(8Ts)
	242.2 ns
(8Ts)

	
	w/ DigRF error
	9.5Ts
	9.5Ts
	9.5Ts

	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 8: It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN UE.
If UE perform UE position estimation with a long update periodicity, then the gNB may send TA command to correct the unexpected timing drift due to UE movement before UE update its location information. After UE updates its location information, the previous NTA value is not suitable for UE. Based on the above discussion, it can be observed that the unexpected uplink transmit timing adjustment due to UE movement is much smaller than a CP length during 200ms. The impacts of improper NTA value is quite limited. The gNB also can send a TA command to update the NTA value soon after UE updates its location information.
Proposal 9: It is suggested that double correction issue can be addressed under the framework of gradual timing adjustment requirement.

Conclusions
This contribution provides the discussion on how to define UE timing related requirements for NTN UE. The following are provided:
Proposal 1: NTA,UE-specific is defined as the TA value used to pre-compensate the two-way propagation delay between the serving satellite and the UE. The one-way propagation delay between the serving satellite and the UE is calculated by using the UE location and the serving satellite location. The serving satellite location is expected to be derived from the serving satellite ephemeris indicated by network.
Proposal 2: NTA,common is defined as the TA value used to pre-compensate the two-way transmission delay between the uplink time reference point and the serving satellite. The one-way transmission delay between the uplink time reference point and the serving satellite () is calculated as follows:

Where:
· TACommon, TACommonDrift and TACommonDriftVariation, are common TA parameters indicated in SIB of the reference cell.
· When a SFN and a sub-frame number are provided through the SIB or dedicated signalling,   is the starting time of the corresponding DL sub-frame. Otherwise,  is the end of the SI window during which the SI message is transmitted.
·  is the starting time of the DL slot on which NTA,common is applied.
Proposal 3: It is assumed that UE is able to update the value of NTA,common for each subframe.
Proposal 4: It is assumed that UE is able to calculate the serving satellite location for each subframe.
Proposal 5: It is assumed that UE is able to update the value of NTA,UE-specific  for each subframe, which is calculated based on the serving satellite location for this subframe and the latest estimated UE location, which leads that the estimation error of NTA,UE-specific will not exceed the UE moving distance during one update periodicity divided by the speed of light.
Proposal 6: It is assumed that UE is able to update its downlink reception timing for each subframe according to the estimated common TA and the estimated UE specific TA for this subframe.
Observation 1: For a stationary UE, the magnitude of uplink transmit timing adjustment due to serving satellite movement can be expected according to the indicated common TA parameters and the indicated serving satellite ephemeris.
Proposal 7: For NTN UE, we suggest to define the gradual timing adjustment requirements according to the timing drift due to UE movements.
Proposal 8: It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN UE.
Proposal 9: It is suggested that double correction issue can be addressed under the framework of gradual timing adjustment requirement.
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