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1. Introduction
In RAN#98e meeting, RAN4 has some initial discussion on timing related requirements for NR NTN, and the related WF was approved in [1]. In this contribution, we further discuss the timing requirements for NR NTN and provide our proposals.
2. Discussion
UE transmit timing requirement
In last RAN4 meeting, the UE transmit timing requirement was discussed, and it was assumed that the existing Te requirement defined in TS38.133 can be as baseline for NTN UE. The related consensus on UE transmit timing requirements was captured in WF as follows:
	NTN UE transmit timing requirements
· Te: Timing Error Limit
The impact due to DL timing estimation, use existing Te requirements defined in TS 38.133, Table 7.1.2-1, as baseline for R17 NR NTN
RAN4 is to further investigate whether other aspects have impact on the Te requirements for R17 NR NTN
FFS: NTN timing compensation accuracy has impact on Te timing error requirements for CONNECTED mode. FFS for IDLE mode.
· 
FFS on whether the existing value defined in Table 7.1.2-2 in TS38.133 can be reused or not
· Gradual timing adjustment
RAN4 is to study the gradual timing adjustment rules for NR NTN including:
Tq (Maximum Autonomous Time Adjustment Step)
Tp (Minimum Aggregate Adjustment rate)


The initial transmit timing error is derived based on the bandwidth of downlink reference signal and uplink SCS, which are the same in NTN scenarios, in addition, the CP length in NTN is also maintained. Thus, it is reasonable to keep the existing Te requirement defined in TS38.133 for NTN.
Proposal 1: The existing Te requirements defined in TS 38.133 Table 7.1.2-1 can be reused in R17 NR NTN.
Regarding the N_TA_offset, as the value of N_TA_offset depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range. Thus, the N_TA_offset value should keep the same as the existing value defined in TS38.133.
Proposal 2: The existing value defined in Table 7.1.2-2 in TS38.133 can be reused in NTN.
In order to make sure the UL timing follow the DL timing reference, UE is required to adjust its timing to within Te. And the existing gradual timing adjustment rules for the UE uplink timing are specified as follows:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
	where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]



In NTN scenario, the DL timing drift due to high speed of satellite need to be considered to guarantee the UL timing alignment. For example with LEO = 600 Km, the satellite speed is 7.56 km/s. And the DL timing drift assuming the maximum Round Trip Delay of 25.77ms in TR38.821 Table 7.1-1 is up to +/- 0.65 µs. where . To maintain UL timing alignment and guarantee the transmission timing error fulfill the +/-Te requirement. The DL timing drift should be taken into account when RAN4 introduce the timing adjustment rules in NTN.
Observation 1: The timing drift due to high satellite speed shall be considered in timing adjustment rules in NTN.
Based on above analysis, we think the existing gradual timing adjustment rules can be applied in NTN scenario, additionally, it is necessary to introduce an additional timing adjustment rule to compensate this DL timing drift. As the DL timing drift should be considered in each DL timing estimation, thus, the DL timing drift should be adjusted before each uplink transmission to make sure the transmit timing error fulfill the specified requirement. Since the LEO with 600Km is the worst case, thus, the maximum amount of the magnitude of the timing adjustment to compensate the DL timing drift can be 18Ts. 
Proposal 3: In LEO scenario, RAN4 is to introduce one shot timing adjustment rule to compensate the DL timing drift according to each estimated reference DL timing, and the maximum amount of the magnitude of the timing adjustment can be 18*64 Tc.
However for GEO scenario, as the GEO satellite is relatively stationary relative to UE and gNB, thus, the existing timing adjustment rules defined in TS38.133 can be applied.
Proposal 4: In GEO scenario, the existing timing adjustment rules defined in TS38.133 can be applied.
TA adjustment accuracy
In RAN1, it has been agreed that an NTN UE shall be capable of UE-specific TA calculation to compensate for the propagation delay of the service link in RRC_IDLE and RRC_INACTIVE states. Further, as the NTN UE is capable of GNSS positioning regardless of the RRC state, consequently, it is agreed that UE is capable of timing pre-compensation in RRC_CONNECTED state.
	Agreement in RAN1#103e:
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 in RAN1#103bis-e:
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


Timing advance is to hold the uplink slot boundaries for a given numerology from different UE within a cell are approximately time aligned at the base station side. More specifically, any timing misalignment be different UE in one cell should be within the CP. The UE with GNSS capability can calculate the RTD of service link based on its own position and satellite position, and the satellite position error based on ephemeris may result in TA errors. Thus, it is necessary to introduce the accuracy requirement to guarantee the calculated UE specific TA applied by the UE is accuracy enough for TA update in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state. And the accuracy of UE specific TA estimation may depend on the accuracy of GNSS positioning and the accuracy of ephemeris information calculation.
Observation 2: The accuracy of the UE specific TA estimation should be considered for TA adjustment accuracy requirement.
In last meeting, RAN4 had some discussion on the NTN UE UL timing requirements, and how to define the timing related requirements. According to the WF, the following 3 potential options can be considered to capture the UE self-estimation error.
· Option 1: UE self-estimating error of TA is counted into the UE transmit timing error
· Option 2: UE self-estimating error of TA will be counted into the timing advance adjustment accuracy
· Option 3: UE self-estimating error of TA will be specified as an independent accuracy requirement
In RRC_IDLE and RRC_INACTIVE state, as the NTN UE is required to support UE specific TA calculation based on its GNSS-acquired position and the serving satellite ephemeris for initial PRACH transmission or msgA transmission. Hence, it is necessary to introduce the TA adjustment accuracy requirement for initial PRACH transmission or msgA transmission in RRC_IDLE state.
Proposal 5: In RRC_IDLE state, RAN4 is to introduce TA adjustment accuracy due to UE specific TA estimation error for initial PRACH transmission or msgA transmission. 
For TA update in RRC_CONNECTED state, RAN1 has agreed that the open loop and closed-loop control shall be supported for NTN.
	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


In TS38.133, the existing TA adjustment accuracy requirement was defined to guarantee the TA update performance when UE receives TA command. However, in NTN, the TA update error should consider not only the inaccuracy due to adjustment of the received TA command, but also the inaccuracy of UE autonomous TA estimation and common TA estimation. 
Proposal 6: In RRC_CONNECTED, the TA adjustment accuracy requirement is consist of the following factors:
1. 	UE specific TA calculation accuracy
2. Common TA estimation accuracy
3. Received TA command adjustment accuracy
LS of R1-2102263
RAN1 send a LS [2] to ask RAN4 to provide feedback on NTN UL time and frequency synchronization requirement for initial access (i.e. PRACH transmission) and UL transmissions in RRC_CONNECTED state. Since the frequency synchronization requirement will be discussed in RF session, hence, in RRM session, we only focus on UL time synchronization requirement. Based on above discussion, the UL time synchronization requirements for NTN will be specified in RAN4 are summarized as follows: 
· Initial access 
· Initial transmit timing error requirement (Te), which is specified in TS38.133 Table 7.1.2-1.
· TA adjustment accuracy requirement due to UE specific TA estimation.
· UL transmissions in RRC_CONNECTED state
· Initial transmit timing error requirement (Te), which is specified in TS38.133 Table 7.1.2-1.
· Timing adjustment
· One shot timing adjustment
· One shot timing adjustment is to compensate the DL timing drift according to each estimated reference DL timing, and the maximum amount of the magnitude of the timing adjustment can be 18*64 Tc.
· Gradual timing adjustment
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
· The minimum aggregate adjustment rate shall be Tp per second.
· The maximum aggregate adjustment rate shall be Tq per 200 ms.
Where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in TS38.133 Table 7.1.2.1-1.
· TA adjustment accuracy requirement, which is consist of the following parts:
· UE specific TA calculation accuracy
· Common TA estimation accuracy
· Received TA command adjustment accuracy
We prepared a draft reply LS attached in the annexe on NTN UL time synchronization requirement for initial access (PRACH transmission) and UL transmissions in RRC_CONNECTED state.
3. Conclusion
In this contribution, we further discuss the timing requirements for NR NTN and provide our proposals as follows.
Proposal 1: The existing Te requirements defined in TS 38.133 Table 7.1.2-1 can be reused in R17 NR NTN.
Proposal 2: The existing value defined in Table 7.1.2-2 in TS38.133 can be reused in NTN.
Observation 1: The timing drift due to high satellite speed shall be considered in timing adjustment rules in NTN.
Proposal 3: In LEO scenario, RAN4 is to introduce one shot timing adjustment rule to compensate the DL timing drift according to each estimated reference DL timing, and the maximum amount of the magnitude of the timing adjustment can be 18*64 Tc.
Proposal 4: In GEO scenario, the existing timing adjustment rules defined in TS38.133 can be applied.
Observation 2: The accuracy of the UE specific TA estimation should be considered for TA adjustment accuracy requirement.
Proposal 5: In RRC_IDLE state, RAN4 is to introduce TA adjustment accuracy due to UE specific TA estimation error for initial PRACH transmission or msgA transmission. 
Proposal 6: In RRC_CONNECTED, the TA adjustment accuracy requirement is consist of the following factors:
1. 	UE specific TA calculation accuracy
2. Common TA estimation accuracy
3. Received TA command adjustment accuracy
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1. Overall Description:
RAN4 would like to thank RAN1 for the LS on NTN UL time and frequency synchronization requirement for initial access (i.e. PRACH transmission) and UL transmissions in RRC_CONNECTED state (R1-2102263). After discussion in RAN4, the feedback on question 1 to RAN1 for their future work is as below:
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
RAN4: The UL time synchronization requirements for NTN will be specified in RAN4 are summarized as follows: 
· Initial access 
· Initial transmit timing error requirement (Te), which is specified in TS38.133 Table 7.1.2-1.
· TA adjustment accuracy requirement due to UE specific TA estimation.
· UL transmissions in RRC_CONNECTED state
· Initial transmit timing error requirement (Te), which is specified in TS38.133 Table 7.1.2-1.
· Timing adjustment
· One shot timing adjustment
· One shot timing adjustment is to compensate the DL timing drift according to each estimated reference DL timing, and the maximum amount of the magnitude of the timing adjustment can be 18*64 Tc.
· Gradual timing adjustment
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
· The minimum aggregate adjustment rate shall be Tp per second.
· The maximum aggregate adjustment rate shall be Tq per 200 ms.
Where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in TS38.133 Table 7.1.2.1-1.
· TA adjustment accuracy requirement, which is consist of the following parts:
· UE specific TA calculation accuracy
· Common TA estimation accuracy
· Received TA command adjustment accuracy
2. Actions:
To TSG RAN WG1
ACTION: 	RAN4 respectfully ask RAN1 to take the above information into account in their future work. 
3. Date of Next TSG-RAN WG1 Meetings:	
TSG-RAN WG4 Meeting #99-e         19 – 27 May 2021	Electronic Meeting
TSG-RAN WG4 Meeting #100-e        23 – 27 Aug 2021	Electronic Meeting
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