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1. [bookmark: _Ref18181]Introduction
In RAN1#103e [1], the followings have been agreed on UL synchronization for NTN.
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, 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 above agreement, following equation has been provided to enable the TA calculation for NTN-UE before Msg1/MsgA transmission in idle/inactive mode:
,
Where  is derived from broadcast common timing offset and can be indicated as either a TA or a timing offset value. Only one of X will be kept in the final agreement.
In general,  should be indicated as a TA since the common TA and common timing offset in timing relationship issue (i.e., K_offset) are different from both functionality and signalling perspective. More specifically, the TA is used to adjust UL transmission timing of UE to ensure the alignment between DL and UL at BS. The indication of common TA is mainly to handle the impacts of feeder link, which cannot be autonomously estimated by UE. While K_offset is used for scheduling and is calculated by assuming worst case with largest RTT in either cell specific or beam specific way, where both service and feeder links of beam edge UE are considered as shown in Figure 1. Hence, once  is indicated as K_offset, misalignment will occur in initial access stage since UE-specific autonomous estimation on service link TA is expected.
[image: ]
[bookmark: _Ref61294096]Figure 1 Illustration of the determination of K_offset
Proposal 1: The common timing offset value should be indicated as a TA and broadcast in SIB.

Additionally, w.r.t the granularity of  indication, 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, small granularity, e.g., , is preferred in the expression of  to make indicated common TA compatible to all types of UEs. With consideration on the tradeoff between accuracy and signalling overhead, the required bit number for LEO is evaluated in Table 1.
[bookmark: _Ref16918]Table 1 Required bit number for common TA expression
	
	LEO-600
	LEO-1200

	Upper bound of RTT
	18.87 ms
	27.27 ms

	
Required bit number (granularity is )
	26
	26

	
Required bit number (granularity is )
	19
	19





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 the  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-open MAC CE signaling from BS.

Proposal 2: The unit of indicated 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 timing drift rate should be supported to assist TA adjustment.
1. TA margin 
The necessity and indication method of TA margin were discussed in [3] but without consensus. In general, following two solutions are recommended for further analysis:
1. Option-1: TA margin is indicated in SIB
2. Option-2: TA margin is included within the Common TA. i.e.; Common TA configuration absorbs the maximum TA uncertainty
In our opinion, the necessity of TA margin is limited. TA margin is mainly proposed to handle the possible interference caused by TA overestimation as shown in Figure 2. However, with consideration of accuracy requirements for TA pre-compensation, the interference may not be significant. For example, the NTN based service will be provided by the satellite mainly in FR2 with large bandwidth according to the ITU regulation. In this case, 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 3. It can be observed that negligible performance impacts occurs for the PUSCH transmission from other UE.
[image: 捕获]
[bookmark: _Ref24335]Figure 2 Illustration of TA overestimation. 
[image: TAoverest_Kaband]
[bookmark: _Ref27744]Figure 3 Influence of TA overestimation in Ka-band. 
Observation 1: When the basic accuracy requirements for autonomous pre-compensation is satisfied, the interference caused by TA uncertainty is limited.
Even proponent companies still want to introduce the TA margin to handle TA uncertainty, Option-2 is preferred for TA margin indication. Comparing to Option-1 (i.e., defining dedicated signaling for TA margin), Option-2 (i.e., absorbing TA margin in common TA) can achieve the TA margin indication with less signaling overhead via BS implementation.
Proposal 4: The maximum TA uncertainty should be absorbed in common TA configuration to save signaling.
1. TA maintenance mechanism 
3. Selection on basic mechanism
In RAN1#103e [3], three solutions are considered for TA maintenance:
1. Option-1: Open-loop only
2. Option-2: Combined open and closed-loop
3. Option-3: Closed-loop only
Similar to synchronization in initial access, UE can use its acquired GNSS position and satellite ephemeris to estimate the TA corresponding to service link, which saves the signaling overhead of TA update. Hence, open-loop method should be applied at least for service link along with the indicated common TA from BS for feeder link. 
Meanwhile, the estimation accuracy will be impacted by several aspects and in the extreme case, accumulated errors will occur for UL transmission. In this way, TA adjustment indication from BS side, e.g., TA information via MAC CE, is still needed. Based on above analysis, combined open and closed-loop method is the most suitable one for TA maintenance since it is able to cover scenarios with different configurations.
Proposal 5: Combined open and closed-loop method should be applied for TA maintenance in connected mode.
3. Details on combination of open and closed-loop
When open and closed-loop methods are combined, TA can be updated based on both autonomous adjustment from UE and TA command from network. More specifically, when TA command is not received, UE autonomously adjusts TA based on GNSS information and indicated common timing drift rate. Otherwise, UE will additionally adjust a value derived from TA command. The TA command in closed-loop adjustment is mainly to correct the residual error of open-loop adjustment. Thus, there is no misalignment between the open and closed-loop mechanisms. Based on above analysis, the TA update formula could be expressed as in following proposal.
Proposal 6: In connected mode, TA value should be update as follows:


where
· 
 is original TA, which refers to the value applied for the latest UL transmission.
·  is the TA adjustment value due the open-loop processing including variation of TA for service and feeder link based on the GNSS and indicated information.
· 

 is the TA command based closed-loop adjustment, where  is indicated in MAC CE TA command.
1. Satellite ephemeris format
In RAN1#103e, the satellite ephemeris format is 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. Comparing to the Option-2, following issues are needed to be discussed:
1. Accuracy for the prediction: The satellite ephemeris information is mainly used to define the long term trajectory of satellite. Without the detailed information on other information, e.g., the perturbation and modelling accuracy, the accuracy for prediction will be impacted. In Option-2, although such PV (T) can also be derived from satellite ephemeris, with updates on the instant information, the prediction within certain duration can be kept. W.r.t the signalling overhead for updates, limited cost can be achieved since the information for serving satellite is needed.
2. Compatibility for other scenarios: From signalling perspective, the indication of ephemeris in Option-1 is conducted with dedicated parameter set, e.g., orbit plane inclination as illustration in [5]. 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).
Proposal 7: Ephemeris format based on instant state vectors with implicit time should be at least supported with the consideration of ATG/HAPS scenarios.
1. Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposal:
Observation 1: When the basic accuracy requirements for autonomous pre-compensation is satisfied, the interference caused by TA uncertainty is limited.
Proposal 1: The common timing offset value should be indicated as a TA and broadcast in SIB.

Proposal 2: The unit of indicated common TA can be chosen as .
Proposal 3: Indication of common timing drift rate should be supported to assist TA adjustment.
Proposal 4: The maximum TA uncertainty should be absorbed in common TA configuration to save signaling.
Proposal 5: Combined open and closed-loop method should be applied for TA maintenance in connected mode.
Proposal 6: In connected mode, TA value should be update as follows:


where
· 
 is original TA, which refers to the value applied for the latest UL transmission.
·  is the TA adjustment value due the open-loop processing including variation of TA for service and feeder link based on the GNSS and indicated information.
· 

 is the TA command based closed-loop adjustment, where  is indicated in MAC CE TA command.
Proposal 7: Ephemeris format based on instant state vectors with implicit time should be at least supported with the consideration of ATG/HAPS scenarios.
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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)
	[bookmark: _GoBack]8

	PUSCH length (symbol)
	6

	PRACH overestimation (ns)
	439.45
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