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1. [bookmark: _Ref18181]Introduction
In RAN1#104e [1], the followings have been agreed on UL synchronization for NTN.
Agreement:
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
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
Conclusion:
It is up to RAN4 to decide whether interruptions or measurement gaps are required for GNSS measurements during NTN operation
Agreement: 
RAN1 should send an LS to RAN4 with the following questions: 
Question 1: RAN1 would like to ask RAN4, to indicate what are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: RAN1 would like to ask RAN4, to indicate what are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.
[bookmark: _Hlk63432430]Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported
In this contribution, the remaining issues for UL synchronization are elaborated with corresponding analysis and simulation results. 
1. UL timing synchronization
1. [bookmark: _Ref27980]Indication of common TA
According to the discussion in RAN1#104e [2], the expression of TA applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is converging to the following equation:

,
Where:


   and  are defined as in Release-16.

   is UE self-estimated TA. 

   is network-controlled common TA, and may include any timing offset considered necessary by the network.
The main controversial part is the signaling of common TA including the value and whether the indication always exists. 
W.r.t this issue, it should be clarified that all cases where DL & UL timing align at satellite or BS can be covered by above expression with simply adjustment on the value of common TA, which is up to the network based their own implementation. Therefore, there is no need to define other case where common TA is not indicated.
Proposal 1: The indication of common TA should always be assumed.

W.r.t the signaling of common TA, within the service of one cell, different numerologies may be supported simultaneously. UE with larger SCS could have shorter CP and thus more sensitive to TA variance. Therefore, common TA can be broadcast in SIB but with small granularity, e.g., to make common TA compatible to all types of UEs. With consideration on the tradeoff between accuracy and signalling overhead, the required bit number is evaluated in Table 1.
[bookmark: _Ref16918]Table 1 Required bit number for common TA expression
	
	LEO-600
	LEO-1200
	GEO

	Upper bound of RTT
	12.88 ms
	20.88 ms
	270.54 ms

	
Required bit number (granularity is )
	25
	26
	29

	
Required bit number (granularity is )
	18
	19
	22





According to existing design, during the initial access stage, the maximum supported SCS is  kHz, which leads to the minimum granularity of TA command as. Then, by taking common TA with granularity as, the indicated common TA is compatible to all possible numerologies. Meanwhile, w.r.t the UL transmission after initial access, TA adjustment/correction with finer granularity can also be handled by the closed-loop MAC CE signaling from BS.

Proposal 2: The signaling granularity of common TA can be chosen as.
1. Indication of common TA drift rate
In the LEO cases, the variation of propagation timing for feeder link will lead to time-variant TA adjustment value. To reduce the network complexity, including additional impact on the RF of existing BS (which may be reused to serve the satellite with minimized updates), it’s preferred to indicate corresponding drift rate to UE to enable the autonomous adjustment.
Proposal 3: Indication of common TA drift rate should be supported to assist TA adjustment.
1. TA margin 
W.r.t the necessity of TA margin, the intention of introduction on TA margin is to handle the possible interference caused by TA overestimation as shown in Figure 1. If the accuracy requirement for TA pre-compensation is high, the interference may not be significant and TA margin is not needed. For example, the short PRACH format can be considered for evaluation, e.g., PRACH preamble format B1. In order to make all preamble formats feasible, the TA estimation error should be smaller than half CP (at least) of format B1 with largest SCS (e.g., 120 kHz for Ka-band). Therefore, the error for TA pre-compensation is upper bounded by 439.45 ns, i.e., X<=439.45ns. Under this situation, with the detailed simulation parameters in Table 2, the influence of TA overestimation is evaluated as shown in Figure 2. It can be observed that negligible performance impacts occurs for the PUSCH transmission from other UE. 
[image: 捕获]
[bookmark: _Ref24335]Figure 1 Illustration of TA overestimation. 
[image: TAoverest_Kaband]
[bookmark: _Ref27744]Figure 2 Influence of TA overestimation in Ka-band. 
Observation 1: When the accuracy requirement for autonomous pre-compensation is high enough, the interference caused by TA uncertainty is negligible.
Proposal 4: Postpone the discussion on TA margin until RAN4 determines time synchronization requirements.
If proponent companies believe that the accuracy of TA pre-compensation is not high enough (e.g., according to the feedback from RAN4 on the accuracy) and prefer to introduce additional adjustment to handle TA uncertainty, absorbing the corresponding value into the common TA indication is preferred instead of new signaling to reduce the costs and simplify the implementation of both UE and gNB.
Proposal 5: If TA margin is needed, it should be absorbed in common TA to save signaling.
1. TA maintenance mechanism 
In RAN1#104e [2], it is agreed that 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 TA update in RRC_CONNECTED state with FFS on the details. In this section, the determination of instant value for TA is elaborated here.
Recalling that the expression of TA applied is converging to the following equation in RAN1#104e [2]:

 .




In RRC_CONNECTED state,,  and  can be varied and need to be updated during TA maintenance. Among them,  is service link TA and is open loop controlled as:

,


where  is the variation of service link TA and can be estimated by UE based on GNSS information of UE and ephemeris information of satellite.  is common TA indicated from BS and can be open loop adjusted based on common TA drift rate:

,




where  is the common TA drift rate indicated by BS, and  is the interval between the time when  is valid and current time.  is defined as in Rel-16 and is close loop controlled as:

,




where  is indicated in TA command in MAC CE. With  updated by close loop control, the residual error of components updated by open loop control, i.e.,  and , can be mitigated. Based on above analysis, the TA update formula could be expressed as in following proposal.
Proposal 6: In RRC_CONNECTED state, if the expression of applied TA determined as:

,
where
· 

,  is estimated by UE based on GNSS and indicated information.
· 



,  is the common TA drift rate indicated by BS, and  is the interval between the time when  is valid and current time.
· 

,  is indicated in MAC CE TA command.
1. UL frequency synchronization
In RAN1#104e [2], the indications of two types of frequency offset have been discussed. The first type is the amount of DL pre-compensation value for service link, which helps to determine the nominal TX frequency of UE and has been agreed with details are FFS. In this case, instead of indication additional information, e.g., location of ground BS, it’s preferred to directly indicate the frequency offset, which has been applied for DL as pre-compensated value.

The second type is the pre-compensation frequency offset on UL, which is indicated by BS and may be used to handle the post-compensation at gNB as claimed by several companies. However, these two types of frequency offsets actually have the same implementation, i.e., additionally added on the originally pre-compensation value estimated by UE. A uniform signaling is enough to cover these two types of frequency offsets. As shown in Figure 3, in order to let BS receive UL signal at nominal frequency, the UL pre-compensation should be

.






[bookmark: _GoBack]Obviously, when, DL pre-compensation and UL post-compensation are canceled and there is no need to indicate any frequency offset, which has been analyzed by several companies in RAN1#104e [2]. When, UL post-compensation is not applied so that only indication of DL pre-compensation value is  enough. In other cases, both DL pre-compensation value  and UL post-compensation value  are required, but only one indication of  is sufficient. 
[image: ]
[bookmark: _Ref13729]Figure 3 Illustration of frequency after each operation. 
Therefore, indication of single frequency offset, which can be applied for both UL transmission and frequency tuning among beams is preferred instead of other information. 
Proposal 7: The indication of frequency offset is sufficient to address issues for both DL and UL.
1. Satellite ephemeris format
In RAN1#104e, the satellite ephemeris format was discussed as following options without consensus:
1. Option-1: ephemeris format based on orbital elements
2. Option-2: ephemeris format based on instant state vectors with implicit time: e.g., instant position and instant velocity
The two formats both work in satellite based NTN systems with different advantages. In option-1, after the reception of all ephemeris data, the UE can propagate movement of satellite with orbital elements and perform long term prediction on the satellite position. Meanwhile, with knowledge of other satellites, more benefits for RRM measurements and handover can be achieved. However, from signalling perspective, the indication of ephemeris in Option-1 is conducted with dedicated parameter set, e.g., orbit plane inclination as illustration in [3]. Such design is unavailable to support other scenarios, e.g., HAPS/ATG, since the movement of such platform or position will not follow the parameterized indication instead of directly indication of PV (T). In implementation, the position and velocity of satellite are expressed as ECEF coordinates and formulated as a state vector. Then, the PV state vector is quantified and broadcast in SIB. While the time reference can be implicitly indicated as the boundary of frames that containing broadcast PV information. 
Proposal 8: Ephemeris format based on instant state vectors with implicit time should be at least supported.
1. Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposal:
Observation 1: When the accuracy requirement for autonomous pre-compensation is high enough, the interference caused by TA uncertainty is negligible.
Proposal 1: The indication of common TA should always be assumed.

Proposal 2: The signaling granularity of common TA can be chosen as.
Proposal 3: Indication of common TA drift rate should be supported to assist TA adjustment.
Proposal 4: Postpone the discussion on TA margin until RAN4 determines time synchronization requirements.
Proposal 5: If TA margin is needed, it should be absorbed in common TA to save signaling.
Proposal 6: In RRC_CONNECTED state, if the expression of applied TA determined as:

,
where
· 

,  is estimated by UE based on GNSS and indicated information.
· 



,  is the common TA drift rate indicated by BS, and  is the interval between the time when  is valid and current time.
· 

,  is indicated in MAC CE TA command.
Proposal 7: The indication of frequency offset is sufficient to address issues for both DL and UL.
Proposal 8: Ephemeris format based on instant state vectors with implicit time should be at least supported.
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Appendix
[bookmark: _Ref27953]Table 2 Simulation parameters for TA overestimation
	Frequency band
	Ka-band

	Channel
	TDL

	Tx antenna number
	1

	Rx antenna number
	1

	PUSCH SCS (kHz)
	120

	PUSCH MCS
	4

	PUSCH bandwidth (PRB)
	12

	PUSCH start position (symbol)
	8

	PUSCH length (symbol)
	6

	PRACH overestimation (ns)
	439.45
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