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[bookmark: _Hlk521259925]In the last RAN1 #102-e meeting, several agreements were achieved on uplink timing advance for NTN [1].
	Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network

Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· [bookmark: _Hlk53598454]Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· [bookmark: _Hlk53586538][bookmark: _Hlk53515642]FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)


In this contribution, we will discuss on GNSS-assisted TA acquisition, TA maintenance/update, UL frequency synchronization.
Discussion on GNSS-assisted TA acquisition in RRC idle/inactive mode
Terminology clarification for User specific TA and Common TA
As shown in Figure 1, several TA determination solutions are under discussion, where Option 1 & 2 were captured in the agreements of last meeting, while Option 3 seems has not be precluded.
In all options,

Nevertheless, for each solution, the terminology of User specific TA and Common TA has different definition, as summarized in Table 1.


Figure 1: TA determining solution.

Table 1: Terminology for User specific TA and Common TA
	
	User specific TA
	Common TA

	Option 1a (full TA based)
	service link RTD
	feeder link RTD

	Option 1b (partial TA based)
	service link RTD
	(-1) * (satellite to reference point RTD)

	Option 2 (time stamp based)
	service link RTD + feeder link RTD
	not needed

	Option 3 (common TA based)
	not needed
	satellite to reference point RTD + feeder link RTD


Note service link refers to satellite to UE link, and feeder link refers to satellite to gateway link.

In our view, each option has its appliable scenario and all can be supported. Chosen can be left to deployment/ implementation.
Furthermore, to eliminate confusion in terminology, an explicit signaling in system information to indicate working mode for NTN can be considered.
Observation 1: For different TA determination solution, the terminology of User specific TA and Common TA has different definition
· For option 1a (full TA based), User specific TA = service link RTD, and Common TA = feeder link RTD.
· For option 1b (partial TA based), User specific TA = service link RTD, and Common TA = (-1) * (satellite to reference point RTD).
· For option 2 (time stamp based), User specific TA = service link RTD + feeder link RTD, and Common TA is not needed.
· For option 3 (common TA based), Common TA = satellite to reference point RTD + feeder link RTD, and User specific TA is not needed.
· where, service link refers to satellite to UE link, and feeder link refers to satellite to gateway link.
Proposal 1: All TA determination solutions can be supported and chosen can be left to deployment/ implementation.
Proposal 2: Working mode for NTN is explicitly signaled in system information to eliminate potential confusion in terminology.
Satellite ephemeris indication
[bookmark: _Hlk53573395]On FFS: Details on serving satellite ephemeris indication
Satellite ephemeris can be represented in different forms including orbital elements and instant state vector [2].
· [bookmark: _Hlk53572567][bookmark: _Hlk53571484]Orbital elements: e.g., (a, e, ω, Ω, i, M0)
· [bookmark: _Hlk53573375][bookmark: _Hlk53573549]Instant state vector: e.g., instance position and instance velocity (x, y, z, vx, vy, vz)
For satellite application, different forms of orbit representation can be translated to each other. Format chosen may be trivial, since whichever format is chosen, NTN UE should have the capability of satellite trajectory calculation based on a provided orbit representation at a reference time.
Nevertheless, only instant orbital state vector format has the ability for implicit compatibility to support HAPS and ATG scenarios, since orbit concept is meaningless in HAPS and ATG scenarios.
Therefore, to be implicit compatible with HAPS and ATG scenarios, instant state vector based satellite ephemeris can be supported.
Proposal 3: Broadcast instant position and velocity vector in system information, if indication of satellite ephemeris is needed.
TA margin
[bookmark: _Hlk53590471]On	FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)
During the first acquisition of its UE-specific TA, the UE can either underestimate or overestimate the TA, i.e., the estimate error , where X represents the maximum UE’s estimation uncertainty.
The underestimated TA (i.e., ) can be adjusted by positive TA value in RAR, which is already supported by current specification. Nevertheless, for overestimated TA (i.e., ), the following solutions can be considered:
· Option 1: support negative TA adjusting in RAR
· In this case, the received PRACH timing error at gNB side is .
· Option 2: indicate TA margin in system information
· For example, TA margin can be configured as -X, then , and the received PRACH timing error at gNB side is 
· Option 3: Common TA configuration absorb UE’s estimation uncertainty
· In this case, the indicated Common TA = actual Common TA– X, then , and the received PRACH timing error at gNB side is 
· Option 4: TA refining at UE side
· In this case, User specific TA = raw TA of UE actual estimated – X, then , and the received PRACH timing error at gNB side is 
Compared with above options, Option 1, Option 3, and Option 4 are preferred, since
· For Option 1, the residual PRACH timing error received at gNB side is minimal, i.e., <X
· For Option 3 (if Common TA is indicated), there is no additional specification impact
· For Option 4, no additional network indication is needed

Observation 2: For overestimated TA at UE side, several solutions can be considered
· Option 1: support negative TA adjusting in RAR, which can guarantee minimal residual PRACH timing error at gNB side
· Option 2: indicate TA margin in system information
· Option 3: Common TA configuration absorb UE’s estimation uncertainty, which has no additional specification impact
· Option 4: TA refining at UE side, which needs no additional network indication
Proposal 4: Support negative TA adjusting in RAR.
Proposal 5: Further study TA refining at UE side, where User specific TA = raw TA of UE actual estimated – maximum UE’s estimation uncertainty.
Proposal 6: There is no need to indicate TA margin by network.
Discussion on TA maintenance/update
[bookmark: OLE_LINK10]On update indication in RAR
The UE shall have the capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.
In Rel-15, TA pre-compensation at UE side is not considered, resulting  for PRACH is defined as 0. Furthermore, in case of random access response, a timing advance command, , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is

However, in order to support TA pre-compensation mechanism at UE side, the legacy TA processing procedure needs minor update for NTN.
First,  for PRACH (termed as ) is not 0 anymore. Instead, it should be determined as the UE calculated TA, as discussion in Section 2.

Secondly, in case of random access response, two equivalent alternatives can be considered to update ,
· Alt 1:

· Alt 2:

where  denotes TA command in RAR with negative value supported, and  denotes scaling factor to extending TA indication range, where .
Proposal 7: for PRACH is determined as the UE calculated TA.
Proposal 8: Two equivalent alternatives can be considered to update  in case of random access response:
· Alt 1: 
· Alt 2: 
where  denotes TA command in RAR with negative value supported, and  denotes scaling factor to extending TA indication range.
Discussion on UL frequency synchronization
There was an initial discussion on UL frequency synchronization in the last meeting with the following recommendations [2].
	FL recommendation: RAN1 to further clarify which reference frequency shall be considered by the UE when applying frequency adjustment.

FL recommendation: RAN1 to further discuss:
· [bookmark: _Hlk53603187]Whether indication of the pre-compensated Common Frequency Offset on DL transmissions is needed or can be transparent to the UE
· Whether in case of Common Frequency Offset pre-compensation on DL transmissions by the gNB, the gNB shall performed post-compensation on UL transmissions.


In our view, depend on TA determining solution as shown in Figure 1, several UL frequency synchronization solutions can be considered. Common Frequency Offset pre-compensation by the gNB is assumed in the following discussion.
UL frequency synchronization for TA determining solution in Opt 1 (satellite ephemeris based)
For TA determining solution in Opt 1 (satellite ephemeris based), UE at least knows its position based on its GNSS implementation. Based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network, UE can estimate the doppler shift on the service link.


Case A: UE both know its position and frequency reference


Case B: UE only know its position
Figure 2: UL frequency synchronization for TA determining solution in Opt 1.
[bookmark: _Hlk53605669]On whether indication of the pre-compensated Common Frequency Offset on DL transmissions is needed or can be transparent to the UE
Whether needs indication of the pre-compensated Common Frequency Offset on DL transmission depends on whether UE can additionally know frequency reference based on its GNSS implementation.
· If UE both know its position and frequency reference, there is no need to indicate the pre-compensated Common Frequency Offset on DL transmission.
· As shown in Figure 2 Case A, UE can easily determine its UL transmission frequency (denotes as ) as , where,  is the reference UL frequency, and  is the estimated Doppler shift on service link.
· If UE only know its position, indication of the pre-compensated Common Frequency Offset on DL transmission is necessary. Otherwise, the UE cannot correctly determine the UE transmission frequency without residual UL frequency error at satellite.
· As shown in Figure 2 Case B, if the pre-compensated Common Frequency Offset on DL transmission is unknown, UE may determine it UL transmission frequency (denoted as ④) as , where,  is the frequency of received DL signal, ③ is the difference between reference UL and DL frequency, is the estimated Doppler shift on service link. The residual UL frequency error at satellite (denoted as ⑤) is about , where,  is the pre-compensated Common Frequency Offset on DL transmission.
· On the contrary, if the pre-compensated Common Frequency Offset on DL transmission () is indicated, UE can determine it UL transmission frequency (④) as , to eliminate residual UL frequency error at satellite.
Proposal 9: For TA determining solution in Opt 1 (satellite ephemeris based), 
· Indication of the pre-compensated Common Frequency Offset on DL transmissions is needed, if UE only know its position;
· Otherwise, pre-compensated Common Frequency Offset on DL transmissions can be transparent to the UE, if UE both know its position and frequency reference.

On whether in case of Common Frequency Offset pre-compensation on DL transmissions by the gNB, the gNB shall performed post-compensation on UL transmissions
For TA determining solution in Opt 1 (satellite ephemeris based), it does not matter whether gNB perform post-compensation on UL transmissions or not. In any case, UE can determine the proper UL transmission frequency. Nevertheless, if the satellite preforms post-compensation on UL transmissions, the post-compensated Common Frequency Offset on UL transmission needs to be indicated to UE.
Proposal 10: For TA determining solution in Opt 1 (satellite ephemeris based), it does not matter whether gNB perform post-compensation on UL transmissions or not.
· If post-compensation is performed, the post-compensated Common Frequency Offset on UL transmission needs to be indicated by network.

[bookmark: _Hlk53606623]UL frequency synchronization for TA determining solution in Opt 2 (time stamp based)
For TA determining solution in Opt 2 (time stamp based), UE knows a reference frequency based on its GNSS implementation. It is reasonable to assume that both UE and gNB can keep frequency synchronized to the same universal frequency system.


Figure 3: UL frequency synchronization for TA determining solution in Opt 2.
On whether indication of the pre-compensated Common Frequency Offset on DL transmissions is needed or can be transparent to the UE
As shown in Figure 3, the is no need to indicate pre-compensated Common Frequency Offset on DL transmissions. UE can easily determine its UL transmission frequency (denoted as ⑤) as , where,  is the reference UL frequency, and  is the residue DL doppler shift between received DL signal and the reference frequency, i.e., , where,  is the frequency of received DL signal,  is the reference DL frequency.
In fact, the residue DL doppler shift () at UL side can be easily measured based on DL RS detection if the residue DL doppler shift is less than synchronization raster.
Proposal 11: For TA determining solution in Opt 2 (time stamp based), pre-compensated Common Frequency Offset on DL transmissions can be transparent to the UE.

On whether in case of Common Frequency Offset pre-compensation on DL transmissions by the gNB, the gNB shall performed post-compensation on UL transmissions
For TA determining solution in Opt 2 (time stamp based), post-compensation on UL transmissions by the gNB is important, since UE cannot obtain the full Doppler shift on the service link.
Furthermore, the post-compensated Common Frequency Offset on UL transmissions can be transparent to the UE.
Proposal 12: For TA determining solution in Opt 2 (time stamp based), gNB performs post-compensation on UL transmissions, while the post-compensated Common Frequency Offset on UL transmissions can be transparent to the UE.

UL frequency synchronization for TA determining solution in Opt 3 (common TA based)
For TA determining solution in Opt 3 (common TA based), UE neither know its position nor the reference frequency. In this case, post-compensation on UL transmissions is important. Nevertheless, both the pre-compensated Common Frequency Offset on DL transmissions and post-compensated Common Frequency Offset on UL transmissions can be transparent to the UE.
Proposal 13: For TA determining solution in Opt 3 (common TA based), gNB performs post-compensation on UL transmissions, and both the pre-compensated Common Frequency Offset on DL transmissions and post-compensated Common Frequency Offset on UL transmissions can be transparent to the UE.

On frequency reference
On which reference frequency shall be considered by the UE when applying frequency adjustment
For all TA determining solutions, as shown in Figure 2~3, both pre-compensated and post-compensated Common Frequency Offset are applied on the service link, no matter whether they are indicated to UE.
On the contrary, network compensate the doppler shift on the feeder link, which is transparent to UE.
Proposal 14: Both pre-compensated and post-compensated Common Frequency Offset are applied on the service link.
Proposal 15: Network compensate the doppler shift on the feeder link, which is transparent to UE.
Conclusions
In this contribution, we share our views on GNSS-assisted TA acquisition, TA maintenance/update, and UL frequency synchronization. The observations and proposals are summarised as follows:
Observation 1: For different TA determination solution, the terminology of User specific TA and Common TA has different definition
· For option 1a (full TA based), User specific TA = service link RTD, and Common TA = feeder link RTD.
· For option 1b (partial TA based), User specific TA = service link RTD, and Common TA = (-1) * (satellite to reference point RTD).
· For option 2 (time stamp based), User specific TA = service link RTD + feeder link RTD, and Common TA is not needed.
· For option 3 (common TA based), Common TA = satellite to reference point RTD + feeder link RTD, and User specific TA is not needed.
· where, service link refers to satellite to UE link, and feeder link refers to satellite to gateway link.
Observation 2: For overestimated TA at UE side, several solutions can be considered
· Option 1: support negative TA adjusting in RAR, which can guarantee minimal residual PRACH timing error at gNB side
· Option 2: indicate TA margin in system information
· Option 3: Common TA configuration absorb UE’s estimation uncertainty, which has no additional specification impact
· Option 4: TA refining at UE side, which needs no additional network indication
Proposal 1: All TA determination solutions can be supported and chosen can be left to deployment/ implementation.
Proposal 2: Working mode for NTN is explicitly signaled in system information to eliminate potential confusion in terminology.
Proposal 3: Broadcast instant position and velocity vector in system information, if indication of satellite ephemeris is needed.
Proposal 4: Support negative TA adjusting in RAR.
Proposal 5: Further study TA refining at UE side, where User specific TA = raw TA of UE actual estimated – maximum UE’s estimation uncertainty.
Proposal 6: There is no need to indicate TA margin by network.
Proposal 7: for PRACH is determined as the UE calculated TA.
Proposal 8: Two equivalent alternatives can be considered to update  in case of random access response:
· Alt 1: 
· Alt 2: 
where  denotes TA command in RAR with negative value supported, and  denotes scaling factor to extending TA indication range.
Proposal 9: For TA determining solution in Opt 1 (satellite ephemeris based), 
· Indication of the pre-compensated Common Frequency Offset on DL transmissions is needed, if UE only know its position;
· Otherwise, pre-compensated Common Frequency Offset on DL transmissions can be transparent to the UE, if UE both know its position and frequency reference.
Proposal 10: For TA determining solution in Opt 1 (satellite ephemeris based), it does not matter whether gNB perform post-compensation on UL transmissions or not.
· If post-compensation is performed, the post-compensated Common Frequency Offset on UL transmission needs to be indicated by network.
Proposal 11: For TA determining solution in Opt 2 (time stamp based), pre-compensated Common Frequency Offset on DL transmissions can be transparent to the UE.
Proposal 12: For TA determining solution in Opt 2 (time stamp based), gNB performs post-compensation on UL transmissions, while the post-compensated Common Frequency Offset on UL transmissions can be transparent to the UE.
Proposal 13: For TA determining solution in Opt 3 (common TA based), gNB performs post-compensation on UL transmissions, and both the pre-compensated Common Frequency Offset on DL transmissions and post-compensated Common Frequency Offset on UL transmissions can be transparent to the UE.
Proposal 14: Both pre-compensated and post-compensated Common Frequency Offset are applied on the service link.
Proposal 15: Network compensate the doppler shift on the feeder link, which is transparent to UE.
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