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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: OLE_LINK16]In RAN1#105-e, the following agreements and conclusion were achieved to enhance UL time and frequency synchronization for NTN [1]
	Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.
Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.
Conclusion:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.


In addition, in RAN1#103-e and RAN1#104b-e, some of the agreements made on enhancement on UL time and frequency synchronization for NTN are listed as follow[2][3]
	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.
Agreement:
The Timing Advance to be applied by an NR NTN UE in the different RRC sates was discussed in RAN1 Meeting #104-bis-e and the following agreement was made: 
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 
Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.


In this contribution, we discuss some remaining issues for UL time and frequency synchronization in NTN. 

[bookmark: _Ref129681832]UL timing synchronization in NTN
Feeder link timing drift handling
[bookmark: OLE_LINK4][bookmark: OLE_LINK13]The question of whether feeder link timing drift is compensated by UE or the Network is related to the position of reference point (RP). 
The basic formulas of TA compensation are as follows:
TA_network = TA_feederlink - TA_common
TA_ue    =     TA_servicelink + TA_common
Where  
TA_network is the TA compensated by network,
TA_ue is the TA compensated by UE,
TA_feederlink is the TA caused by the feeder link,
TA_servicelink is the TA caused by the service link,
TA_common is the TA caused by the part between RP and satellite.

We consider the following different cases:

(1) RP is located between the satellite and the gNB, and the distance of RP to gNB is semi-static, as illustrated in Figure1.  
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[bookmark: _Hlk77906676][bookmark: OLE_LINK8][bookmark: OLE_LINK14]In this case, the network compensates TA_network which is semi-static, while UE compensates TA_ue = TA_servicelink + TA_common, where both TA_servicelink and TA_common are variable. 
Cons: 
Maximum drift rate of TA_ue may be high because it contains two variables. 
Need update TA_common unless UE knows the location of gNB and the distance of RP to gNB. 
Pros: 
Network compensation is semi-static, which means simplicity for network implementation.
If UE knows the location of gNB and the distance of RP to gNB, it can calculate TA_common and TA_UE autonomously. 

As a special case, RP can be located at the gNB. In this case TA_network = 0, TA_common = TA_feederlink.

(2) RP is located between the satellite and the gNB, and TA_common is semi-static, as illustrated in Figure2.
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In this case, the network compensates TA_network, which contains timing drift of feeder link, while UE compensates TA_ue = TA_servicelink + TA_common, where TA_servicelink is variable and TA_common is not variable.

Cons: 
Both UE and the network need to handle time-variant TA compensation. It is especially challenging for the network.
Pros: 
Need not update TA_common. 
[bookmark: OLE_LINK9]
As a special case, RP can be located at the satellite. In this case TA_network = TA_feederlink, TA_common = 0.

(3) RP is located between the satellite and UE as illustrated in Figure3.
[image: ]

In this case, TA_common is a negative value. Therefore,
TA_network = TA_feederlink - TA_common = TA_feederlink + abs(TA_common)
TA_ue    =     TA_servicelink + TA_common = TA_servicelink - abs(TA_common)
Otherwise, the mechanism is same as case (1) and (2).

Base on the analysis above, our observation and proposals are as following.
[bookmark: OLE_LINK3]Observation 1-1: If TA_network is time variant, i.e., feeder link timing drift handled by gNB,  the implementation of gNB would be very complicated .
Observation 1-2: No matter feeder link timing drift is compensated by the network or not, UE still needs to deal with the service link timing drift.
Proposal 1: UE compensates the feeder link timing drift, while the network compensates a semi-static part of TA.

Indication of Common TA drift parameters 
[bookmark: OLE_LINK2]As discussed above, we have:
TA_common = TA_feederlink - TA_network
If  TA_network is fixed, then TA_common must be variable, because TA_feeder link is always variable for LEO. This is why the issue of indication of TA_common TA drift is raised.

However, lets consider the following 3 conditions:
(1) RAN1 has already agreed that UE can calculate TA_servicelink autonomously based on its position and ephemeris information. 
(2) If UE can obtain the position information of gNB, it can calculate TA_feederlink autonomously based on gNB’s position and ephemeris.
(3) If TA_network is seme-static, it need to be broadcast only once and need no updates.
Then TA_ue can basically calculate TA_ue autonomously according to the following formula:
TA_ue    =     TA_servicelink + TA_common  =   TA_servicelink + TA_feederlink  -  TA_network

Thus, indication of Common TA drift can be avoided and massive signaling overhead can be saved.

In RAN1#105-e, The following agreement has been reached :
	Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.



[bookmark: OLE_LINK7]Regarding the security of broadcasting the gNB position, we are strongly concerned about the reply on LS and would like to obtain the gNB information as much as possible. If the position of the gNB can be indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates by the network and relieving the signaling aging issue.

Observation 2: If the position of the gNB and a semi-static TA compensated by network can be indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates, , and make the issue of signaling overhead and aging problem easy to solve.
[bookmark: OLE_LINK24]Proposal 2: The network provides indication about the position of the gNB and the TA compensated by network, and the UE calculate its TA autonomously.

BTW, in meeting 105-e, the issue of  broadcasting the position of RP is discussed. 
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[bookmark: OLE_LINK22][bookmark: OLE_LINK21]We think at least the meaning of “position” needs to be clarified. In our opinion, even if the distance between the RP and gNB is fixed, the physical position of RP is constantly changing. If it is broadcast, the position information needs to be updated frequently. Therefore, broadcasting the physical position of the reference point is not good. Instead, broadcasting the distance between the reference point and gNB (or TA_network) should be proposed.
Observation 3:  Even if the distance between the RP and gNB is fixed, the physical position of RP is constantly changing. Therefore broadcasting the physical position is not a good way.
Proposal 3: Broadcast the distance between the reference point and gNB  (or TA compensated by the network)  instead of the position of reference point. 

[bookmark: OLE_LINK19]Granularity and signalling of Common TA
For the granularity of common TA, if the error is large and the granularity is very fine, many bits will be invalid. Therefore, the granularity of common TA needs to match with the error.
In addition, there are a variety of systems in NTN, such as LEO/GEO/MEO. Adapting the same parameter to different systems can be difficult. Therefore, the granularity should be configurable for the protocol specification.
[bookmark: OLE_LINK20]Proposal 4-1: The granularity of common TA needs to match with the error.
Proposal 4-2: The granularity should be configurable for the protocol specification.

Close control loop for UL frequency alignment
	[bookmark: _Toc69116339][bookmark: _Toc73044325][TR38.821]:
For the UL frequency compensation, at least for LEO system, the following solutions are identified with consideration on the beam specific post-compensation of common frequency offset at the network side:
●	Option-1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
●	   Option-2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals.


In RAN1#103e, it was agreed to adopt Option-1 discussed in [TR38.821]:
	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 RAN1#104-e, this issue was discussed and wanted to consider option-2 in [TR38.821] based on a closed loop uplink frequency control:
	[bookmark: _GoBack]FL recommendation: RAN1 to further investigate the needs and benefits to support closed-loop UL frequency compensation for GNNS equipped NR NTN UE.


For Option-1, because of the limited update rate and satellite movement, satellite ephemeris will have obvious UL frequency error. It is also unclear whether there is sufficient accurate UE frequency offset compensation to guarantee the accuracy of the UL frequency offset estimation.
For Option-2, in case of GNSS loss or limited GNSS availability, UEs in RRC connected state can be supported by closed-loop control mechanisms in their UL frequency alignment. In that case, the UE should follow the closed-loop commands provided by the gNB.
[bookmark: OLE_LINK23]Proposal 5: At least, support UL frequency compensation by UE with GNSS based on DL reference signal, UE position and satellite ephemeris. Benefits to support closed-loop UL frequency compensation need further study. 

Conclusion
In this contribution, we further discuss some of the issues of UL time and frequency synchronization enhancement for NTN, the following observations and proposals are presented:
Observation 1-1: If TA_network is time variant, i.e., feeder link timing drift handled by gNB,  the implementation of gNB would be very complicated .
Observation 1-2: No matter feeder link timing drift is compensated by the network or not, UE still needs to deal with the service link timing drift.
Proposal 1: UE compensates the feeder link timing drift, while the network compensates a semi-static part of TA.
Observation 2: If the position of the gNB and a semi-static TA compensated by network can be indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates, , and make the issue of signaling overhead and aging problem easy to solve.
Proposal 2: The network provides indication about the position of the gNB and the TA compensated by network, and the UE calculate its TA autonomously.
Observation 3:  Even if the distance between the RP and gNB is fixed, the physical position of RP is constantly changing. Therefore broadcasting the physical position is not a good way.
Proposal 3: Broadcast the distance between the reference point and gNB  (or TA compensated by the network)  instead of the position of reference point. 
[bookmark: _Ref124671424][bookmark: _Ref124589665][bookmark: _Ref71620620]Proposal 4-1: The granularity of common TA needs to match with the error.
Proposal 4-2: The granularity should be configurable for the protocol specification.
Proposal 5: At least, support UL frequency compensation by UE with GNSS based on DL reference signal, UE position and satellite ephemeris. Benefits to support closed-loop UL frequency compensation need further study. 
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Figure 1.Feeder link timing drift is compensated by UE
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Figure 2.Feeder link timing drift is compensated by Network
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Figure 3.Reference Point is beyond the feeder link
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9 Issue#9: Broadcasting the position of a reference point

Broadcasting the position of a reference point is an alternative solution that would simplify the time and frequency
compensation mechanisms was proposed by some companies [Huawei, Ericsson, CMCC].




