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Introduction
A work item on Non Terrestrial Network (NTN) has been started. A full description of the WID [1] and a list of past agreements 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#103-e that an NTN network may broadcast a common timing offset value (, but its details and also a common timing drift rate require further consideration. The rationale behind a 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. The exact location and definition of the reference point would be an internal matter to the network. In particular, the timing advance value was tentatively formulated as , wherein the granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value, i.e., its unit, remain to be decided.
Regarding the granularity of the Timing Offset, we think that relatively coarse granularity in the order of slot or half slot granularity would be sufficient because gNB would be able to adjust PRACH reception timing by its implementation. When half slot granularity is used, PRACH reception timing can be aligned with the slot boundary depending on SCS and/or PRACH CP length. Regarding the choice of its unit, both a multiple of the chip period (0.509ns) and timing offset (order of milliseconds) would be applicable. The decisive matter here seems not to be a technical one, but rather one concerning definitions in the specification. Since the Common Timing Offset will be applied by a UE on top of its UE-specific TA which is based on , we have a slight preference for the Timing Advance notation, i.e., , which reflects this mindset. 
Proposal 1: We prefer the Common Timing Offset value formulation expressed by multiples of  and with a value in the order of slot or half slot granularity.
TA margin is proposed to account for TA estimation uncertainty in initial access and to avoid a situation in which the UE’s signal arrives before the beginning of UL slot at gNB timing. If the UL slot timing at gNB is aligned with DL slot timing and not to use common TA, then the TA margin would be necessary as separate offset. On the other hand, if the DL-UL timing difference is managed by gNB and common TA is informed, separate variable of TA margin would not be necessary because gNB can set UL reception timing with taking the TA margin into account in its implementation of the setting of the common TA. 
Proposal 2: Include the TA margin in the Common TA whereby the setting of the TA margin is up to the network implementation.
The purpose of a common timing drift rate is to adjust the common timing offset in accordance with LEO satellite movement, such that the RTD drift between the reference point and the satellite is accounted for. We observe that a common timing drift rate might not be required because DL/UL timing difference due to the feeder link delay could be managed by gNB implementation to some extent. Furthermore, because the changing rate of the propagation delay between satellite and ground GW would not be constant depending on the satellite position, so that accurate compensation of the feeder link delay might not be possible even with an indication of the common timing drift rate. 
Proposal 3: We see no need in adopting a common timing drift rate.
In RAN1#103-e, it was agreed that 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. Little has been discussed regarding RRC_CONNECTED.
In Rel.15/16, gradual timing adjustment and TA command are used to adjust the UE transmission timing. The gradual timing adjustment specified in TS 38.133 section 7.1.2.1 is copied below. [bookmark: _Hlk61428952][image: ]
Excerpt from TS 38.133 section 7.1.2.1


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 .
[image: ]
[bookmark: _Ref61429963]Figure 1
When UE adjusts its transmission timing according to the first path timing change due to LEO satellite movement, received timing of the signal from the UE at gNB is changed. For example, when the first path timing is delayed by Te, the UE would delay the transmission timing by Te. As the result, gNB received timing is also delayed by Te. Then, gNB would send TA command to the UE to adjust UE transmission timing to earlier timing. This behaviour is based on Rel.15/16 specifications. [image: ]
Excerpt from TS 38.133 section 7.1.2


It would be necessary to check whether it is realistic to follow the timing change by the TA command. If above timing change due to LEO satellite movement is too rapid to be compensated by the TA command, UE autonomous TA based on GNSS location and satellite ephemeris would be necessary to confine the timing error within .
Proposal 4: In RRC_CONNECTED mode, RAN1 to ensure that gNB-guided Timing Advance is feasible and consider assistance by UE autonomous TA update based on GNSS location.
An open issue is the system 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 gNB again. TA based on GNSS location and satellite ephemeris should be used similar to RACH transmission for initial access. 
Proposal 5: 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.
UL frequency synchronization
In RAN1#103e, it was agreed that an NR NTN UE in RRC_IDLE, RRC_INACTIVE and 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.
It was discussed whether an NR NTN UE shall be capable to apply at each transmission a common frequency offset indicated by the network in addition to above frequency pre-compensation based on GNSS position and satellite ephemeris. 
The actual pre-compensation value at UE side would depend on the gNB implementation, e.g., pre/post-compensation of DL/UL doppler shift as discussed in [7]. A common frequency offset would be useful to enable a flexible gNB implementation. 
Proposal 6: Support of a common frequency offset relative to the UE frequency source and indicated via SIB.  
Conclusion
In this contribution, we discussed issues on UL timing advance and frequency synchronization for NTN. The following is proposed:
Proposal 1: We prefer the Common Timing Offset value formulation expressed by multiples of  and with a value in the order of slot or half slot granularity.
Proposal 2: Include the TA margin in the Common TA whereby the setting of the TA margin is up to the network implementation.
Proposal 3: We see no need in adopting a common timing drift rate.
Proposal 4: In RRC_CONNECTED mode, RAN1 to ensure that gNB-guided Timing Advance is feasible and consider assistance by UE autonomous TA update based on GNSS location.
Proposal 5: 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.
Proposal 6: Support of a common frequency offset relative to the UE frequency source and indicated via SIB.
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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)



And 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.
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7.1.21 Gradual timing adjustment

‘When the transmission timing error between the UE and the reference timing exceeds +T then the UE is required to
adjust its timing to within +T. The reference timing shall be (Np, + Ny ome) T, before the downlink timing of the

reference cell. All adjustments made to the UE uplink timing shall follow these rules:
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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]
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