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Introduction
A work item on Non Terrestrial Network (NTN) has been started. The RAN1 related description of the WID [1] and a list of past agreements on UL time and frequency synchronization are contained in the Appendix. In this document, we discuss issues on UL timing and frequency synchronization for NTN. 
UL timing synchronization 
It was agreed in RAN1 that a non-terrestrial network may broadcast a common timing offset value. The rationale behind the common timing offset is to implicitly define the point where DL/UL frame alignment (i.e., the reference point for timing synchronization) can be observed by the UE. The exact location and definition of the reference point is a matter internal to the network. The agreement in the last meeting is shown below: 
	Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 
Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.


Granularity and signalling of the Common TA
According to [2], the maximum RTD including feeder link and service link for GEO is 541.46ms and for LEO (1200km) 41.77ms. If the reference point is assumed at the gNB, NTA,common compensates the full feeder link delay, and then NTA,common has to assume values which are approximately halve of these durations, i.e., 270.73ms and 20.89ms, respectively. With Tc=0.509ns, NTA,common would have to assume relatively large integer values, e.g., 531886051 (29bits) and 41041257 (26bits). To avoid such large values, the granularity of the Timing Offset should be dependent on the Cyclic Prefix of the employed PRACH preamble. Granularity is here understood as the step size in time by which the Timing Offset can be adjusted. Format 0 in FR1 has the smallest CP with 103us (3168*k), and Format B1 has the smallest CP with 7us (216*k*2- m). The granularity of the Timing Offset would have to be chosen sufficiently small if precise UL/DL frame timing alignment is necessary. We will show later that an accurate compensation of the feeder link delay with the Timing Advance Drift rate is difficult. 
Rather than enforcing a rigid UL/DL timing, an alternative approach is to allow for a timing offset between UL and DL frame timing which is managed by the network. Such an offset will appear naturally if all UEs in a cell are using the same common TA which is not necessarily identical to the true feeder link RTD. Since it will identically apply to all uplink transmissions in a cell, ISI among UEs is avoided at the expense of an UE common offset between UL and DL frames at the network. The network can adjust its reception timing (which is, e.g., in the order of slots of half-slots, and which is known to the network). 
An additional benefit of this approach is less signalling overhead since the resolution (granularity) of NTA,common can be relatively coarse. Relatively coarse granularity in the order of slot or half slot granularity would be sufficient because network would be able to adjust the UE common reception timing by its implementation. 
Proposal 1: We propose a granularity of the common TA value NTA,common in the order of slot or half slot duration.
An unclear issue from RAN1#104bis-e meeting is the case when the common TA assumes a value of zero, which corresponds to a position of the timing reference point at the satellite. Although it was agreed that the value 0 is supported, it is not clear what that actually means. We see two options. Firstly, value 0 is assumed when NTA,common is not indicated to the device. Secondly, value 0 is explicitly signalled, which also implies that NTA,common is always signalled. The overhead reduction by omitting the common TA in SIB would not be significant, especially if the granularity is coarse as proposed above. In addition, NTA,common can contain TA margin amongst other margins which are potentially necessary for the network implementation. Therefore, in our view NTA,common should be always included in SIB. 
Proposal 2: The common TA value NTA,common is always indicated in SIB. 
· FFS: the value range of NTA,common
Indication of Common TA Drift Rate and Common TA Drift Rate Variation
The purpose of a common timing drift rate is to adjust the feeder’s link common timing offset in accordance with LEO satellite movement, such that the RTD drift between the reference point and the satellite is accounted for. Moreover, it seems that the common timing advance drift rate (and its variation) are envisaged as tools to enable tight UL/DL frame timing at the gNB. It requires potentially frequent SIB reading especially in RRC_CONNECTED mode for larger subcarrier spacing. Figure 1 shows exemplarily the change rates of the feeder link RTD for a fixed-Earth beam. The change rates assume value between roughly +/-40ms/s during the visibility window of the satellite. 
The assumptions underlying Figure 1 are as follows: The orbit is circular. Initially at time  the satellite (here, altitude 600km) is visible from the gateway under the minimum elevation angle of 10°. The satellite then moves on its orbit through the zenith point of the GW (with elevation angle 90°) until it is no longer visible by the gateway (at t~=370s) from the opposite cell edge, for which a fixed Earth-beam is assumed with a beam diameter of 1000km. This implies that the elevation angle under which the satellite is seen will be time-variant. The feeder link RTD values between the gateway and the satellite are computed for various points in time. Earth’s rotation is modelled as well. From the feeder link RTD values the timing drift rate is obtained by numerical derivation.
	[image: C:\Users\7879073\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2E4554E7.tmp]Figure 1: Change rates of feeder link RTD for a circular orbit (altitude 600km) and fixed-Earth beam with beam diameter 1000km




It is evident that the changing rate of the propagation delay between LEO satellite and ground GW depends on the satellite position and is thus itself time varying. Furthermore, the approximation of the actual TA value via linear interpolation will lead to a certain approximation error. In Figure 2, we have exemplarily for one case assessed the maximum error  which occurs over various update intervals DT whereby 

The rationale is as follows. The actual, true TA value is denoted as . The time axis t is partitioned into segments of duration  during which the linear interpolation of the TA is evaluated as . The maximum error during the i-th segment is given by . The maximum error show in  Figure 2 is the maximum taken over all segments. It is clear that the error due to a linear approximation increases with a larger update interval DT. 
It is also worth noting that the approximation here is modelled as going outwards from the starting point of a segment, i.e., it is an extrapolation. With relaxed causal assumptions, i.e., not extrapolation, but interpolation for  and , the error could be smaller by a factor of 4 than currently shown. 
The Cyclic Prefix duration for PUSCH is 4.7ms for SCS=15kHz and 0.57ms for SCS=120kHz. From Figure 2, it can be said that in order to confine the error within the CP length, timing drift rate indication is not sufficient and the update of the Common TA in a SIB is necessary. A SIB update every 4.5 seconds for SCS=15kHz and roughly every second for SCS=120kHz is required (Roughly twice these numbers for interpolation). To have a SIB update in TN utilize all paging resources in a cell for the indication of SIB update, which utilize the large overhead. To newly specify to receive SIB periodically is also possible design but it requires large power consumption. Such operation should be avoided.
	[image: C:\Users\7879073\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\9BD41DD3.tmp]Figure 2: Maximum error between the true feeder link RTD value and its linear approximation for various update intervals T, circular orbit, satellite altitude 600km, beam diameter 1000km, Earth-fixed beam with minimum elevation angle of 10° 




In Rel.15/16, gradual timing adjustment and TA command are used to adjust the UE’s transmission timing. The gradual timing adjustment specified in TS 38.133 section 7.1.2.1 says, “When the transmission timing error between the UE and the reference timing exceeds +/-Te, then the is required to adjust its timing to within +/-Te. The reference timing shall be (NTA+NTA,offset)*Tc before the downlink timing of the reference cell.”
In accordance with LEO satellite movement, the first path (earliest arrived radio signal at UE) arrival timing changes, i.e., the reference timing described in TS38.133 changes as shown in Figure 1. According to the current specification (TS38.133), when the difference between UE transmission timing and the reference timing exceeds , UE is required to adjust its timing to within . Based on Rel.15/16 specifications the currently admissible values for the timing error limit are shown below (Table 7.1.2-1 from TS 38.133 Sec. 7.1.2) and it is clear that the timing advanced error due to the timing drift rate based linear approximation (shown in Figure 2) would be much larger than Te.[image: ]
Excerpt from TS 38.133 section 7.1.2


The use of a timing drift rate is an attempt to replicate the rather rigid UL/DL frame timing occurring in a terrestrial deployment, where UE uplink transmissions arrive at the gNB within the Cyclic Prefix duration compared to the DL timing. For the right decision in RAN1, it is necessary to investigate if the timing drift rate is a practical solution and whether and how timing drift rate indication can work considering that the timing drift rate is time-variant as shown in the Figure 1 and considering the inherent approximation error show in Figure 2. Rather than compensating the feeder link delay by the TA in a very accurate manner, an alternative approach would be to allow for a DL-UL timing offset which is managed by the network implementation. Our view is the feeder link switch operation (i.e. gateway change but keeping the same satellite to the UE) should be supported transparent manner to UE. The DL-UL timing offset including the variation of drift rate is manged by the network implementation would allow such feeder link switch operation even if it is not supported in release 17. If timing drift rate is used, the drift rate may be required to be differentiated between two gateways before and after the feeder link switch. 
Proposal 3: We propose to allow for a non-zero DL-UL timing difference managed by the network.
· FFS: The need and feasibility of a common timing drift rate to accurately compensate the feeder link delay including feeder link switch operation.
TA for PRACH transmission when in RRC_CONNECTED state
An open issue is the system’s behaviour in RRC_CONNECTED mode after the timing advance timer has expired. In that case, when TA timer is expired, a UE triggers the RACH transmission to establish the synchronization between UE and network again. TA based on GNSS location and satellite ephemeris should be used similar to RACH transmission for initial access. 
Proposal 4: In RRC_CONNCTED mode and after expiration of the TA timer, a UE triggers the random-access procedure based on GNSS-acquired TA similar to RRC_IDLE with the same timing advance equation.
Frequency synchronization
Common Doppler shift pre/post compensation on the feeder link
During RAN1#104bis-e and without coming to an agreement, there were discussed several versions of the following working assumption: 
The gateway and satellite-payload compensate common Doppler shift / Doppler shift variation over the feeder link and any transponder frequency error in a transparent way to the UE and gNB.
We think that is not controversial that the Doppler compensation on the feeder link should be a transparent operation for the UE. However, we are not supportive of introducing an interface between gNB and gateway to render the Doppler compensation as a transparent operation to the gNB as well. Our view is the split between gNB and gateway is up to the network operation without any need to specify it in RAN1.
Proposal 5: The Doppler compensation on the feeder link should be transparent to the UE. 
Indication of common frequency post-compensation offset for UL 
The current status after the RAN1#104bis-e-meeting is to wait until progress is made on the common Doppler shift pre/post compensation on the feeder link before to discuss the necessity of indicating a common compensation frequency offset to be applied by the UEs on Uplink.
However, the actual pre-compensation value at UE side would depend on the network implementation, e.g., pre/post-compensation of DL/UL doppler shift as discussed in [3]. Rather than indication of amount of frequency compensation performed at network, indication of a common frequency offset UE should apply would be useful to enable a flexible network implementation. 
Proposal 6: The post-compensation value can be included in common frequency shift relative to the UE frequency source and indicated in SIB to all UEs.
Serving satellite ephemeris format
Since RAN1#103e, two options for the satellite ephemeris format have been discussed, i.e., orbital elements and the PVT format. After RAN1#104bis-e, the disposition is to adopt either both formats or only one of them. 
Our understanding is that both formats are basically equivalent and can be transformed into one another. The one clear advantage which we can see is that the PVT format applies to HAPS platforms for which the notion of an orbit and thus orbital elements do not apply. A downside for the PVT format might be that relatively frequent parameter are needed compared to orbital elements in order to construct an orbit for a longer time horizon, however, this advantage might not hold for long-term orbit prediction.   
Proposal 7: We propose to adopt both satellite ephemeris formats, orbital elements and PVT format.
Conclusion
In this contribution, we discussed issues on UL timing advance and frequency synchronization for NTN. The following is proposed:
Proposal 1: We propose a granularity of the common TA value NTA,common in the order of slot or half slot duration.
Proposal 2: The common TA value NTA,common is always indicated in SIB. 
· FFS: the value range of NTA,common
Proposal 3: We propose to allow for a non-zero DL-UL timing difference managed by the network.
· FFS: The need and feasibility of a common timing drift rate to accurately compensate the feeder link delay including feeder link switch operation.
Proposal 4: In RRC_CONNCTED mode and after expiration of the TA timer, a UE triggers the random-access procedure based on GNSS-acquired TA similar to RRC_IDLE with the same timing advance equation.
Proposal 5: The Doppler compensation on the feeder link should be transparent to the UE. 
Proposal 6: The post-compensation value can be included in common frequency shift relative to the UE frequency source and indicated in SIB to all UEs.
Proposal 7: We propose to adopt both satellite ephemeris formats, orbital elements and PVT format.
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Appendix
The complete WID [1] in RAN1 reads:
	Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements [RAN1, RAN2]
· Enhancements on UL time and frequency synchronization [RAN1, RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2, RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
Including signalling of polarization mode



In the RAN1#102-e meeting, the following was agreed.
	Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network

Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)



In the RAN1#103-e meeting, the following was agreed.
	Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement: 
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement:
In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate

Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
 is specified in TS 38.211 section 4.1. 
Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A. 
Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.


In the RAN1#104-e meeting, the following was agreed.
	Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control
Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control
Conclusion:
It is up to RAN4 to decide whether interruptions or measurement gaps are required for GNSS measurements during NTN operation
Agreement: 
RAN1 should send an LS to RAN4 with the following questions: 
Question 1: RAN1 would like to ask RAN4, to indicate what are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: RAN1 would like to ask RAN4, to indicate what are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.

Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
FFS: Whether down-selection is needed or both options are supported



Finally, in the recent RAN1#104bis-e meeting, the following was agreed.
	Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.

Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X, Y, Z in ECEF (m)  
· velocity VX, VY, VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.
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Table 7.1.2-1: Te Timing Error Limit

Frequency SCS of SSB SCS of uplink 1.
Range signals (kHz) signals (kHz) °
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 Tcis the basic timing unit defined in TS 38.211 [6]





