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Introduction
In last few meetings RAN4 was discussing NTN UE timing requirements. In this contribution we provide our views on the RRM timing requirements for NTN UE. 
Discussion
Timing advance computation framework is agreed in RAN1#104-bis-e [2] and the RAN1 agreements are described below.
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. 

From the RAN1 agreement [2], NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris. 
The signalling regarding serving satellite ephemeris is still under discussion in RAN1. Following agreements are made in last RAN1 meeting. 
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 signalling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

One of the open issues after last RAN4 meeting was UE specific TA estimation error definition. Following WF [1] is agreed in last RAN4 meeting regarding UE specific TA estimation. 
· The UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· UE specific TA estimation accuracy is FFS
· FFS whether the UE specific TA estimation accuracy shall be also defined as a separate accuracy requirement
· Specify UE behaviour related to UE specific TA estimation and the detailed behaviour is FFS
· FFS on the update periodicity of UE specific TA value

From the WF above one of the open issue was whether the UE specific TA estimation accuracy shall be also defined as a separate accuracy requirement. Our view regarding this is UE specific TA estimation accuracy depends majorly on the broadcast information provided by the NW and UE position estimate by the UE. Since UE position accuracy is UE dependent and demodulation performance at gNB depends on the UE specific TA estimation accuracy. Moreover UE specific TA estimation is kind of new feature and in NR TA estimation is always performed at gNB and indicated to UE. Due to these two reason we feel it is important to test the UE specific TA estimation accuracy separately. That means RAN4 needs to define a separate UE specific TA estimation accuracy requirement.
Proposal 1:  RAN4 to define a separate UE specific TA estimation accuracy requirement.
From the RAN1 agreements, we look at whether RAN4 can define the UE specific TA estimation error.
UE specific TA estimation error:
Based on the above agreements from the RAN1, we are not sure whether both the sets are supported for serving satellite ephemeris or further down selection is made in future RAN1 meetings. If the set 1 is supported UE specific TA estimation error depends on the quantization error of position and velocity of the satellite ephemeris. Since field size of each parameter is still FFS, we understand that RAN4 need to wait for further RAN1 progress. 
UE specific TA estimation accuracy computation from set 2 is not very clear to us. In general from the parameters provided in set 2, our understanding is we need to compute the position of satellite. Having computed satellite position, and assuming UE position is known at UE, we can compute the UE specific TA estimate. Since there are many parameters in the set 2, RAN4 further needs to study how the accuracy of these individual parameters affect the UE specific TA estimation accuracy. However from RAN4 perspective, we feel this work needs further progress from RAN1 as RAN1 may select only one set or both the sets for indication of satellite ephemeris. 
Based on the above discussion, other issues in the WF [1] needs further progress from RAN1. Therefore following can be FFS.
· The UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· UE specific TA estimation accuracy is FFS
· Specify UE behaviour related to UE specific TA estimation and the detailed behaviour is FFS
· FFS on the update periodicity of UE specific TA value

	UE initial transmit timing error requirements  
In last meeting initial transmit timing error requirements are discussed and the following WF [1] is agreed.
· UE initial transmit timing error (Te)
· Te requirement in NTN is consist of:
· Same types of errors as terrestrial UE e.g. DL timing estimation accuracy and UL timing setting accuracy; and
· UE specific estimation accuracy;
· FFS on whether and how much different relaxations are required for different sets of SCS of SSB and SCS of uplink signals
· It is the total NTN UE Te error that decides UL performance, no matter the source of inaccuracy.

Reference point for UE transmit timing control for NTN UE can be represented by (DL frame timing – TTA) and UE transmit timing should be within ± Te from the reference point.
From legacy NR timing error limit discussions we can observe that DL frame timing error will have impact on Te determination. Since RAN1 agreed to use timing compensation for DL frame timing, if there is any error in the computation of timing compensation, it will have impact on Te value. Due to this we feel that NTN timing compensation has impact on Te error requirements. 
In last meeting, it was further discussed whether NTN timing compensation accuracy has impact on Te timing error requirements for CONNECTED mode and IDLE mode. 
As per RAN1 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. 

Source of error can be from all the four components (NTA, ). Since the signalling details that enable computation of UE specifc TA value and common TA are not finalised, our views is that Te error values needs further progress from RAN1.  
Proposal 2: RAN4 to further wait for RAN1 progress to define the Te requirements and possible relaxations compared to NR initial timing error requirements. 
	TA adjustment accuracy requirement
In last RAN4 meeting following WF [1] is agreed.
· In RRC_IDLE mode
· FFS whether to define TA adjustment accuracy requirement;
· In RRC_CONNECTED mode 
· Option 1: Reuse the existing TA adjustment accuracy requirement defined in TS 38.133 with considering of UL timing quantization accuracy.
· Option 2: FFS on whether relax the TA adjustment accuracy requirement.
· FFS on UE position and satellite position estimation error;
· FFS on propagation delay change from a slot when UE received timing advance command to a slot when the indicated TA.

As per the RAN1 agreement [2] of “The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:  ” we can observe that TA computation uses same framework for IDLE mode, CONNECTED mode and INACTIVE mode. 
[bookmark: _GoBack]In our understanding, timing advance adjustment accuracy depends on the timing advance command step size (quantization level) and not on any other parameters of TA command computation. Hence we feel that it can be same as NR timing advance adjustment requirement from the TS 38.133. 
Proposal 3: RAN4 to reuse the existing TA adjustment accuracy requirement defined in TS 38.133 with considering of UL timing quantization accuracy.
Since it is the same framework for TA computation, we feel TA adjustment framework shall also be same for RRC_IDLE and RRC_CONNECTED and INACTIVE modes. Therefore we propose RAN4 to define the TA adjustment accuracy for RRC_IDLE mode too.
Proposal 4: RAN4 to define TA adjustment accuracy requirement for RRC_IDLE mode 
1. Conclusion
In this contribution, we discussed NTN RRM timing requirements and made the following proposals:
Proposal 1:  RAN4 to define a separate UE specific TA estimation accuracy requirement.
Proposal 2: RAN4 to further wait for RAN1 progress to define the Te requirements and possible relaxations compared to NR initial timing error requirements. 
Proposal 3: RAN4 to reuse the existing TA adjustment accuracy requirement defined in TS 38.133 with considering of UL timing quantization accuracy.
Proposal 4: RAN4 to define TA adjustment accuracy requirement for RRC_IDLE mode 
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