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Introduction
In RAN1#106b-e, the agreements made on UL time and frequency synchronization for NTN are listed below [1]:
Agreement:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
 
Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information

Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 

Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA , Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters
Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range

Conclusion:
Do not define a TA margin.

Working assumption:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
· FFS: Additional enhancement to optimize the signalling overhead.
· FFS: Ephemeris format bit allocations for HAPS

[bookmark: _Ref473802466][bookmark: _Ref462669569]In this contribution, we discuss several remaining issues for UL timing and frequency synchronization in NTN.  



Ephemeris and Common TA 
For UE autonomous UL timing control, it has been agreed to support the signaling of ephemeris and common TA parameters. The epoch time of the ephemeris and the reference time of the common TA parameters are defined by a DL frame or slot. The exact DL slot/frame are FFS. In addition, two remaining issues are:
· The reference point of the ephemeris information that together with the reference DL slot/frame defines the epoch time is yet to be defined. The reference point where the starting time of a DL slot/frame is used to define the epoch time can be 
1. the satellite or 
2. the system reference point (SRP) where DL and UL signal is time aligned, i.e., common TA being 0, such as gNB or gateway. 

· The exact meaning of the signaled common TA values needs to be defined. It has been agreed to signal the coefficients of a polynomial function in the form of f(t)=a0+a1*t+a2*t2,…. The exact definition of f(t) can be
1. the transmission delay of the start of a DL slot,
2. the distance between the SRP and the satellite at the starting time of a DL slot divided by the light of the speed, or
3. the transmission delay of the start of a UL slot,
4. the round-trip delay of the start of a slot.

Choices of the options of the above two issues should be made to enable easy calculation and accommodate different implementations at UE. Before we discuss UE determination of UL transmit timing, we note the following:
1. Due to the relative movement between the transmitter and the receiver, the transmission delay does not always equal to the distance between the two communication parties divided by the speed of light. In the subsequent discussion, we’ll ignore the earth rotation as its impact on the transmission delay is negligible. Consequently, UL transmission delay of the feeder link and DL transmission delay of the service link can be calculated as the distance of the two parties at the time of transmission divided by the speed of the light. Also, Option 2 and Option 3 for the definition of the signaled common TA are equivalent.

2. [bookmark: _Hlk86755284]If the distance (divided by the speed of light) between the SRP and the satellite is known to UE as f(t), the DL transmission delay of the feeder link starting at time x, can be found as Dx such that f(x+ Dx)= Dx. Similarly, the UL transmission delay of the service link can be calculated.


Below, we consider two possible implementations.
Direct Calculation
In this method, UE finds the transmit time directly based on the local clock. For an UL transmission of slot N, UE needs to do the following:
· UE predicts the transmit time of DL slot N. As shown in Figure 1, suppose UE received DL slot M at time t2, UE can calculate Tcd1 and Tsd1 and find the starting time of slot M at SRP as t0 =t2-Tcd1-Tsd1. And hence the DL transmit time of slot N is t0+(N-M) *Ds, where Ds is the slot duration.
· [bookmark: _Hlk86760235]UE calculates the UL delays, Tcu and then Tsu. To calculate Tcu, UE considers the arrival time as  t0+(N-M) *Ds. If the distance is signaled, UE finds Tcu as Tcu=f(t0+(N-M) *Ds -Tcu). And then calculates Tsu for the transmission arriving at satellite at time t0+(N-M) *Ds-Tcu, which corresponds to DL transmit time of slot N-Tcu/Ds at SRP, where the term slot is used to indicate time with possible fractional numbers. On the other hand, UE does not know directly the DL slot time at satellite. As such, it is easier for UE calculation to have the reference point of the ephemeris epoch time at SRP.

Once the above transmission delays are calculated, UE finds the transmit time of slot N as t0+(N-M) *Ds-Tcu-Tsu. Let t3= t0+(N-M) *Ds+Tcd+Tsd as shown in Figure 1, the open-loop TA relative to t3 is X=Tsu+Tcu+Tcd+Tsd, corresponding to DL received slot N-Y. Note that X and Y*Ds are not equal to each other and their difference can be up to 2 ms assuming 20 ms one way delay and 100 ms/s round-trip timing variation rate.



Figure 1. Direct UL transmit time calculation.

Indirect Calculation
In this method, UE finds the transmit time referenced to received DL slot time as shown in Figure 2. For an UL transmission of slot N, UE calculates the following:
· UE calculates UL transmission delays, Tcu and Tsu, for the signal arrives at SRP at the starting time of slot N. If the distance between the SRP and the satellite with reference to slot time at SRP is signaled, UE finds Tcu as Tcu=f(N-Tcu). To calculate Tsu, UE assumes the signal arrives at satellite at the time when slot N-Tcu/Ds is transmitted at SRP. Again, UE does not know the DL slot time at satellite when SRP is transmitting slot N-Tcu. Hence, it’s preferred to define the reference point of the ephemeris epoch time as the SRP.
· UE then calculates DL transmission delays, Tsd and Tcd, as shown in Figure 2. Tcd is the DL delay of slot N-Tcu-Tsu-Tsd. If the distance between the SRP and the satellite with reference to slot time at SRP is signaled, UE finds Tcd as Tcd= f(N- Tcu-Tsu-Tsd).
Let X=Tcu+Tsu+Tcd+Tsd, the UL transmit time of slot N when NTA=0 is the received DL slot time N-X.


Figure 2. UL transmit time calculation referenced to received DL slot time.

From the above discussions, we have the following observations.
[bookmark: _Hlk86768061]Observation 1: Defining the epoch time as a DL slot at the SRP allows easier calculation of service link delays.
Observation 2: Since the DL and UL feeder link delays may have to be calculated separately, it is preferred to signal the distance of the feeder link delay divided by the speed of light.

Proposal 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame at the reference point where common TA equals 0.

Proposal 2: For common TA, the distance between the satellite and the reference point divided by the speed of light is signaled.

In the above, constant symbol and slot durations are assumed at SRP, i.e.., no transmit timing pre-compensation at SRP. Otherwise, UE cannot calculate open-loop TA. 

Proposal 3: UE assumes that the transmit symbol and slot durations are constant (e.g., no transmit timing pre-compensation) at the reference point where common TA equals to 0.
Miscellaneous

It has been concluded that no TA margin is signaled for PRACH transmission. As such, PRACH signal may arrive slightly earlier than the desirable starting time at the receiver and the TA command in Msg 2 and Msg B can be negative values. To accommodate this, a negative value of NTA,old needs to be defined for Msg 2 and msg B. To support different negative deleay ranges that is detectible by the receiver depending on the SCS, we have the following proposal:
Proposal 4: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 ,
.
The above supports a maximal negative delay of 2 ms for 480 kHz SCS.
Due to potentially large Doppler shift, PSS search during initial access can be time consuming. With a maximal frequency uncertainty fmax, UE has to perform PSS search with hypothetical frequency offsets 0, ±SCS, ±2*SCS, ±floor(famx/SCS)*SCS.   To reduce the initial search time, it is desirable to support DL frequency pre-compensation. Since UE does not consider any feeder link Doppler, the DL frequency pre-compensation is referenced to the satellite.
Proposal 5: Support the indication in SIB of DL frequency pre-compensation referenced at the satellite transmitter with granularity as the SCS of the SSB.


Conclusions
In this contribution, we have discussed remaining issues on ephemeris, common TA, and some other issues, with  the following observations and proposals:
[bookmark: _Hlk54112923]Observation 1: Defining the epoch time as a DL slot at the SRP allows easier calculation of service link delays.
Observation 2: Since the DL and UL feeder link delays may have to be calculated separately, it is preferred to signal the distance of the feeder link delay divided by the speed of light.
Proposal 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame at the reference point where common TA equals 0.

Proposal 2: For common TA, the distance between the satellite and the reference point divided by the speed of light is signaled.
Proposal 3: UE assumes that the transmit symbol and slot durations are constant (e.g., no transmit timing pre-compensation) at the reference point where common TA equals to 0.

Proposal 4: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 ,
.
Proposal 5: Support the indication in SIB of DL frequency pre-compensation referenced at the satellite transmitter with granularity as the SCS of the SSB.

[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References	
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