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1. Introduction
[bookmark: _GoBack]In RAN#98bis-e meeting, RAN4 had extension 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 specific TA estimation error
In last RAN4 meeting, it was agreed that the UE specific TA estimation error should be counted into the UE transmit timing error requirement. And whether define a separate accuracy requirement for UE specific TA estimation is FFS.
	· 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 behavior related to UE specific TA estimation and the detailed behavior is FFS
· FFS on the update periodicity of UE specific TA value


RAN4 has been agreed the UE specific TA estimation error is considered in UE transmit timing error requirement, and we do not see the necessity to define additionally a separate accuracy requirement for UE specific TA estimation error. In addition, the UE specific TA estimation accuracy cannot be verified in the test, as the estimated timing error is consist of UE DL frame timing error and UE specific TA estimation error, and it cannot decouple the UE specific TA estimation error from the total timing error.
Proposal 1: Not define a separate accuracy requirement for UE specific TA estimation.
Since the UE specific TA estimation was introduced to compensate the propagation delay of the service link based on UE’s GNSS-acquired position and broadcasted serving-satellite ephemeris. Thus, the accuracy of A-GNSS position estimation and the accuracy of serving-satellite ephemeris should be taken into account when defining the UE specific TA estimation error.
Proposal 2: The UE specific TA estimation error is consist of the accuracy of A-GNSS position estimation (ΔUE-pos) and the accuracy of serving-satellite ephemeris (ΔSat-pos).
In TS38.171 [2], the 2-D position error requirements are defined for A-GNSS minimum position estimation. And in RAN1#104b-e meeting, the agreements on serving-satellite ephemeris broadcast are captured as follows.
	Agreement in RAN1#104b-e:
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.


Since the serving-satellite position is estimated at UE side based on these broadcasted ephemeris information, it is assumed that the same position error is expected for serving-satellite. In TS38.171, the worst case for the 2-D position error is 100m, thus, the total position error for the UE specific TA estimation can be up to 200m which equal to 20Ts . For larger SCS case, e.g. 120KHz, the timing error due to the UE specific TA estimation is larger than the CP length. Thus, the 2-D position error of A-GNSS requirement defined in TS38.171 may not suitable for UE specific TA estimation error estimation.
Observation 1: The 2-D position error of A-GNSS requirement defined in TS38.171 is not suitable for UE specific TA estimation error estimation.
	Parameter / Numerlogy (u)
	0
	1
	2
	3
	4

	Subcarrier Spacing (Khz)
	15
	30
	60
	120
	240

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67
	8.33
	4.17

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17
	0.57
	0.29


Based on above analysis, the position error up to 50m may be the proper value to define the UE specific TA estimation error. And the total position error for the UE specific TA estimation can be up to 100m which equal to 10Ts .
Proposal 3: the UE specific TA estimation accuracy is defined as 10Ts.
In last meeting, one of the open issue is whether to define the update periodicity for UE specific TA estimation, in our view, the validity of the position information e.g. UE’s GNSS-required position information and serving-satellite ephemeris information, should guarantee the Te accuracy requirement, and the update periodicity is up to UE implementation.
Proposal 4: Not to specify the update periodicity for UE specific TA estimation.
UE transmit timing requirement
In last RAN4 meeting, the UE transmit timing requirement was discussed, and the related consensus on UE transmit timing requirements was captured in WF as follows:
	WF on timing requirement
· 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.
· N_TA_offset
The existing N_TA offset value defined in Table 7.1.2-2 in TS38.133 can be reused in NTN
· Gradual timing adjustment 
FFS whether to define new gradual timing adjustment requirements for NTN UE 
FFS whether and how to count the maximum delay variation for the round trip delay; 
FFS: whether define different requirements for different NTN topologies in terms of, e.g. GEO, MEO, LEO, HAPS, HIBS, altitude, elevation angles for feeder/service links, UE speed, etc;
FFS the reference timing  for the Gradual timing adjustment in NTN
· One shot timing adjustment
Not introduce one shot timing adjustment requirement for NTN UE


Since the Te requirement is consist of the DL timing estimation accuracy and the UE specific TA estimation accuracy, thus the Te requirement in NTN is shown in following table.
	Frequency Range
	SCS of SSB signals [kHz]
	SCS of uplink signals [kHz]
	Te
	UE specific TA estimation accuracy
	Te_NTN

	1
	15
	15
	12*64*Tc
	10Ts
	22*64*Tc

	 
	 
	30
	10*64*Tc
	10Ts
	20*64*Tc

	 
	 
	60
	10*64*Tc
	10Ts
	18*64*Tc

	 
	30
	15
	8*64*Tc
	10Ts
	18*64*Tc

	 
	 
	30
	8*64*Tc
	10Ts
	18*64*Tc

	 
	 
	60
	7*64*Tc
	10Ts
	15*64*Tc

	2
	120
	60
	3.5*64*Tc
	10Ts
	10*64*Tc

	 
	 
	120
	3.5*64*Tc
	10Ts
	10*64*Tc

	 
	240
	60
	3*64*Tc
	10Ts
	8*64*Tc

	 
	 
	120
	3*64*Tc
	10Ts
	8*64*Tc


Proposal 5: the Te requirement in NTN is shown in table 1.
Table 1: Te requirement 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 the round trip delay change need to be considered to guarantee the UL timing alignment.in LEO scenarios, the maximum delay variation at UE side is up to ±40µs/sec assuming the maximum Round Trip Delay of 25.77ms in TR38.821 Table 7.1-1. Since the timing drift of ±40µs/sec 1228Ts/sec , is much larger than the existing Tp and Tq value, thus, the gradual timing adjustment step size and adjustment rate need to be revised according to the maximum delay variation.
Observation 2: The gradual timing adjustment step size and adjustment rate need to be revised due to the maximum delay variation in the gradual timing adjustment requirement in NTN.
Based on above analysis, we think the existing gradual timing adjustment rules can be applied in NTN scenario, however, the gradual timing adjustment step size and adjustment rate need to be revised according to the maximum delay variation. In legacy requirement, the minimum adjustment rate is 5.5Ts/sec and the maximum adjustment rate is 5.5Ts/200ms. Considering the ±40µs/sec 1228Ts/sec  of the round trip variation, the Tq_NTN can be 25Ts/20ms and Tp_NTN can be 100Ts/100ms.
Proposal 6: In LEO scenario, the gradual timing adjustment requirements for NR NTN UE are specified as follows:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 25*Ts.
2)	The minimum aggregate adjustment rate shall be Tp_NTN = 100Ts per 100ms.
3)	The maximum aggregate adjustment rate shall be Tq_NTN = 25*Ts per 20 ms.
However for GEO scenario, as the GEO satellite is relatively stationary relative to UE and gNB, and the round trip delay variation is negligible to the UE. Thus, the existing timing adjustment rules defined in TS38.133 can be applied.
Proposal 7: In GEO scenario, the existing timing adjustment rules defined in TS38.133 can be applied.
TA adjustment accuracy
In last RAN4 meeting, the TA adjustment accuracy requirement was discussed and the related consensus is captured as follows.
	· 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.


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 between different UEs in one cell should be within the CP. In legacy NR, the TA is updated by receiving the TA command contained in the MAC CE message, and in TS38.133, the existing TA adjustment accuracy requirement was defined to guarantee the TA update performance when UE receives TA command. However, in RAN1, the Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

The TA in NTN is updated not only the TA command but also the network-controlled common TA and UE self-estimated TA to pre-compensate for the service link delay. Thus, the TA update accuracy should consider not only the inaccuracy of the received TA command adjustment, but also the inaccuracy of the estimated UE autonomous TA adjustment and the network-controlled common TA adjustment between the TA signaled by the network in time slot n and the UL timing adjustment at time slot n+k+1. Therefore, the relaxed TA adjustment accuracy requirement need to be considered for NR NTN. As the detail of the related signaling is ongoing in RAN2, the exact relaxed TA adjustment accuracy value may need some further agreements from RAN2.
Observation 3: The TA update accuracy should consider not only the inaccuracy of the received TA command adjustment, but also the inaccuracy of estimated UE autonomous TA adjustment and the network-controlled common TA adjustment.
Proposal 8: RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN.
Reply LS for incoming LS R1-2102263
RAN1 send a LS [3] 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 section 7.1.2 TS38.133.
· UL transmissions in RRC_CONNECTED state
· Initial transmit timing error requirement (Te), which is specified in section 7.1.2 TS38.133.
· Gradual timing adjustment for LEO scenario
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 25*Ts.
· The minimum aggregate adjustment rate shall be Tp_NTN = 100Ts per 100ms.
· The maximum aggregate adjustment rate shall be Tq_NTN = 25*Ts per 20 ms.
· Gradual timing adjustment for GEO scenario
· 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:
· Received TA command adjustment accuracy
· Estimated UE specific TA adjustment accuracy
· Received Common TA 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: Not define a separate accuracy requirement for UE specific TA estimation.
Proposal 2: The UE specific TA estimation error is consist of the accuracy of A-GNSS position estimation (ΔUE-pos) and the accuracy of serving-satellite ephemeris (ΔSat-pos).
Observation 1: The 2-D position error of A-GNSS requirement defined in TS38.171 is not suitable for UE specific TA estimation error estimation.
Proposal 3: the UE specific TA estimation accuracy is defined as 10Ts.
Proposal 4: Not to specify the update periodicity for UE specific TA estimation.
	Frequency Range
	SCS of SSB signals [kHz]
	SCS of uplink signals [kHz]
	Te
	UE specific TA estimation accuracy
	Te_NTN

	1
	15
	15
	12*64*Tc
	10Ts
	22*64*Tc

	 
	 
	30
	10*64*Tc
	10Ts
	20*64*Tc

	 
	 
	60
	10*64*Tc
	10Ts
	18*64*Tc

	 
	30
	15
	8*64*Tc
	10Ts
	18*64*Tc

	 
	 
	30
	8*64*Tc
	10Ts
	18*64*Tc

	 
	 
	60
	7*64*Tc
	10Ts
	15*64*Tc

	2
	120
	60
	3.5*64*Tc
	10Ts
	10*64*Tc

	 
	 
	120
	3.5*64*Tc
	10Ts
	10*64*Tc

	 
	240
	60
	3*64*Tc
	10Ts
	8*64*Tc

	 
	 
	120
	3*64*Tc
	10Ts
	8*64*Tc


Proposal 5: the Te requirement in NTN is shown in table 1.

Observation 2: The gradual timing adjustment step size and adjustment rate need to be revised due to the maximum delay variation in the gradual timing adjustment requirement in NTN.
Proposal 6: In LEO scenario, the gradual timing adjustment requirements for NR NTN UE are specified as follows:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 25*Ts.
2)	The minimum aggregate adjustment rate shall be Tp_NTN = 100Ts per 100ms.
3)	The maximum aggregate adjustment rate shall be Tq_NTN = 25*Ts per 20 ms.
Proposal 7: In GEO scenario, the existing timing adjustment rules defined in TS38.133 can be applied.
Observation 3: The TA update accuracy should consider not only the inaccuracy of the received TA command adjustment, but also the inaccuracy of estimated UE autonomous TA adjustment and the network-controlled common TA adjustment.
Proposal 8: RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN.

4. Reference
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5. Annexe
Title:	Reply LS on NTN UL time and frequency synchronization requirements
Release:	Rel-17
Work Item:	NR_NTN_solutions
Source:	TSG RAN WG4
To:	TSG RAN WG1
Cc:	

Contact Person:	
· Name:	Xuhua Tao
· E-mail Address:	taoxuhua@xiaomi.com

Send any reply LS to:	3GPP Liaisons Coordinator:  mailto:3GPPLiaison@etsi.org 	
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 the following table 1.
Table 1: Te requirement for NR NTN
	Frequency Range
	SCS of SSB signals [kHz]
	SCS of uplink signals [kHz]
	Te
	UE specific TA estimation accuracy
	Te_NTN

	1
	15
	15
	12*64*Tc
	10Ts
	22*64*Tc

	 
	 
	30
	10*64*Tc
	10Ts
	20*64*Tc

	 
	 
	60
	10*64*Tc
	10Ts
	18*64*Tc

	 
	30
	15
	8*64*Tc
	10Ts
	18*64*Tc

	 
	 
	30
	8*64*Tc
	10Ts
	18*64*Tc

	 
	 
	60
	7*64*Tc
	10Ts
	15*64*Tc

	2
	120
	60
	3.5*64*Tc
	10Ts
	10*64*Tc

	 
	 
	120
	3.5*64*Tc
	10Ts
	10*64*Tc

	 
	240
	60
	3*64*Tc
	10Ts
	8*64*Tc

	 
	 
	120
	3*64*Tc
	10Ts
	8*64*Tc


· UL transmissions in RRC_CONNECTED state
· Initial transmit timing error requirement (Te), which is specified in above table 1.
· Gradual timing adjustment for LEO scenario
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 25*Ts.
· The minimum aggregate adjustment rate shall be Tp_NTN = 100Ts per 100ms.
· The maximum aggregate adjustment rate shall be Tq_NTN = 25*Ts per 20 ms.
· Gradual timing adjustment for GEO scenario
· 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:
· Received TA command adjustment accuracy
· Estimated UE specific TA adjustment accuracy
· Received Common TA 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 #100-e        16 – 27 Aug 2021	Electronic Meeting
TSG-RAN WG4 Meeting #101-e        01 – 12 Nov 2021	Electronic Meeting

