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Introduction
In RAN1#103e, the following agreements on UL time and frequency synchronization for NTN were made [1]:
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:
· 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.
  
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.

In this contribution, we discuss remaining issues for UL timing and frequency control with focus on UEs with GNSS capability.
[bookmark: _Ref473802466][bookmark: _Ref462669569]

UL Time and Frequency Control

In NTN, the RTD experienced by a UE can vary as much as 40 s/s due to the high speed of LEO and MEO satellites. The timing control command of NR has a maximal range of 2.1 s for 120 kHz and 1.04 s for 240 Hz. If only closed-loop timing control is used, the timing control commands must be sent frequently.  Increasing the size of MAC-CE timing control command alone does not solve the problem: Assuming a one-way delay of 20 ms, a timing control command sent by the Network that is accurate at the time of its transmission can be off by 0.8 s at the time of its arrival, which is larger than the CP duration for 120 kHz SCS, 0.69 s. 
To solve the UL timing problem, UE autonomous UL timing control must be required even in connected mode. In addition, it has been agreed that NTN UE in RRC_CONNECTED state shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation, i.e., UE autonomous frequency control. When UE calculates the Doppler, UE can also calculate the RTD of the service link using the same information. Hence we have the following proposal.
[bookmark: _Hlk61465994]Proposal 1: An NTN UE in RRC_CONNECTED state is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

The procedure of UE autonomous timing and frequency control are described below.
· Autonomous Timing Control: UE estimates the round-trip delay and compensates it in the UL transmission based on received DL timing. 
· Autonomous Frequency Control: there are two options depending on if UE is synchronized on GNSS.
· Option 1, In this option, DL and UL share the clock source. UE synchronizes to DL signal and estimates DL Doppler and UL Doppler based on the geolocations of the UE and of the satellite. UE then calculates the pre-compensation value required based on the clock driven by the DL received signa and applies the pre-compensation in the UL transmission. If DL received signal is pre-compensated, the compensated value should be signalled and taken into consideration by the UE.
· Option 2: In this option, UL transmission clock is synchronized to GNSS. UE estimates the UL Doppler based on its own geolocation and ephemeris and applies the pre-compensation accordingly (i.e., UL clock is not driven by DL received signal).

Autonomous frequency control option 1 may have larger frequency error as will be discussed whereas option 2 requires additional implementation complexity. In our view, the choice of options 1 or 2 is up to implementation. 
For both autonomous timing and frequency control, UE needs to know the geolocations of itself and of the satellite. Today’s GNSS systems typically provide accuracy within a few meters. However, UE may have moved since its last GNSS reading. To save power UE should not be required to read GNSS frequently. Considering a UE in a vehicle, it can move a few tens of meters per second. After a few seconds, the resulting timing error can be significant when the subcarrier spacing is large. Hence in addition to UE autonomous timing control, closed-loop timing control is still needed.
Observation 1: Closed-loop timing control via MAC-CE is still needed for UEs that performs autonomous timing compensation based on GNSS-acquired position and the serving satellite ephemeris.

When open-loop and closed-loop time control mechanisms work together, A UE determines its timing advance for target time t(n+1) based on time advance for target timing t(n) as
         		(1)
where T(n) and T(n+1) are the timing advance for target time t(n) and t(n+1), respectively; Do is the estimated RTD variation from time t(n) to t(n+1) based on ephemeris and its own geolocation, and Dc is the accumulation of the TA commands UE received between time t(n) and t(n+1).
For UL frequency, there could be multiple sources of error:
· UE geolocation error due to UE movement. A 100 m location error can lead to a UL frequency error of 0.008 ppm.
· Satellite ephemeris error due to limited updating rate
· Residual frequency errors introduced in the feeder link and satellite on-board processing. This only applies to autonomous frequency control option 1. 

It is important to note that Option 1 of autonomous frequency control are not able to compensate any frequency errors introduced in the feeder link or on-board satellite processing. With Option 1, a frequency error occurred in the feeder link from gNB to satellite will lead to a UE transmit frequency error twice of the feeder link error. Consequently, there is a UL frequency bias between frequency control Option 1 and Option 2. The bias is twice of the sum frequency error introduced in the forward link up to satellite.

Observation 2: There could be an UL frequency bias between UEs that are frequency synchronized with GNSS and UEs that are frequency synchronized using DL frequency.

In addition to the potential frequency error bias between UEs, the residual UL frequency error can still be significant even after autonomous frequency control. Hence, we have the following proposal.

Proposal 2: Support closed-loop frequency control commands by MAC-CE.
[bookmark: _GoBack]For efficient time and frequency control, group-common DCI should be considered.
Proposal 3: Consider group-common DCI for UL time and frequency control.

Before UE synchronized to the satellite, UE may have little or no information about the satellite. As a result, UE may have to search a large range of frequency for a given Raster to take into account for DL Doppler. To save the time of initial SSB search, pre-compensating transmit frequency of SSB or DL signals can be beneficial. In such case, as discussed above, compensated frequency should be broadcasted for UEs based on DL signal for frequency control.

[bookmark: _Hlk47601615]Proposal 4: Support optional network frequency pre-compensation of SSB or all DL signals and support the signaling of the compensated value if pre-compensation is applied.


Reference Signals
Time and frequency synchronization in NTN are much more challenging than in terrestrial networks. Hence, there is a need to enhance reference signals for time and frequency estimation in both DL and UL. For DL, multiple-symbol TRS is supported that should be sufficient for frequency estimation in the DL. For UL, existing SRS, however, is inefficient for frequency estimation. 
To support efficient frequency error estimation, SRS with multiple coherent symbols should be supported as illustrated in Figure 2. To support good trade-off between frequency pulling range and accuracy, configurable symbol gaps between the SRS symbols should be considered and supported. In addition, the comb position can be alternated among the SRS symbols to remove the ambiguity of half-symbol time uncertainty in comb 2. 
[bookmark: _Hlk54113330]Proposal 5: Support SRS with multiple coherent symbols with configurable gaps.  
[image: ]
Figure 2 SRS with multiple coherent symbols and configurable gaps.

Conclusions
In this contribution, we have discussed UL time and frequency control mechanisms.  Based on the discussion, we have the following observations and proposals:
[bookmark: _Hlk54112923]Observation 1: Closed-loop timing control via MAC-CE is still needed for UEs that performs autonomous timing compensation based on GNSS-acquired position and the serving satellite ephemeris.

Observation 3: There could be an UL frequency bias between UEs that are frequency synchronized with GNSS and UEs that are frequency synchronized using DL frequency.

Proposal 1: An NTN UE in RRC_CONNECTED state is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Proposal 2: Support closed-loop frequency control commands by MAC-CE.
Proposal 3: Consider group-common DCI for UL time and frequency control.


Proposal 4: Support optional network frequency pre-compensation of SSB or all DL signals and support the signaling of the compensated value if pre-compensation is applied.

Proposal 5: Support SRS with multiple coherent symbols with configurable gaps.  

[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References	
[1] [bookmark: _Ref461383190]Chairman’s notes, 3GPP RAN1#103e.



1/1
image1.emf
S

u

b

c

a

r

r

i

e

r

One 

symbol

NR

Two coherent non-zero 

symbols with configurable gap

Proposed



1


/


2


 


3GPP TSG RAN WG1 


#104


-


e


 


 


R1


-


21


01465


 


e


-


Meeting, January 25


th


 


–


 


February 5


th


, 2021


 


 


Agenda item:


 


8.4.


2


 


Source: 


 


Qualcomm Incorporated


 


Title:


 


 


UL Time and Frequency Synchronization


 


for NTN


 


Document for:


 


Discussion


/Decision


 


1


 


Introduction


 


In RAN


1#10


3


e


, 


the following agreements on 


UL time and frequency synchronization


 


for NTN were made


 


[1]


:


 


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 counte


r 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/i


nactive 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 w


ill 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:


 




1 / 2   3GPP TSG RAN WG1  #104 - e     R1 - 21 01465   e - Meeting, January 25 th   –   February 5 th , 2021     Agenda item:   8.4. 2   Source:    Qualcomm Incorporated   Title:     UL Time and Frequency Synchronization   for NTN   Document for:   Discussion /Decision   1   Introduction   In RAN 1#10 3 e ,  the following agreements on  UL time and frequency synchronization   for NTN were made   [1] :   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 counte r 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/i nactive 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 w ill 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:  

