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Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description (WID) was updated in [1]. One objective is to specify uplink (UL) time and frequency synchronization enhancements for NTN. 
In this contribution, we present our views on the remaining issues of uplink time and frequency synchronization enhancements for NTN.
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Common TA parameters 
In RAN1#106bis e-Meeting[2], following agreements were achieved on common TA parameters and signaling.
	Agreement:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
 The following was agreed at the GTW session held on October 19th:
Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA , Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters


For the 1st FFS part that whether common TA third order derivate is needed, we think it depends on the validity duration of these parameters. For example, common TA and common TA time drift are needed when the validity duration is less than 1s, common TA, common TA time drift and common TA time drift variation are needed when the validity duration is less than 10s, higher order parameters such as third order derivative is needed when the validity duration is larger than 10s. In that sense, the content of the common TA parameter is highly rely on the validity duration of those parameters or the frequency of UE reading SIBs.
As we have agreed that a single duration for both serving satellite ephemeris and common TA parameters is defined at least if serving satellite ephemeris and common TA parameters are signaled in the same SIB message. If the satellite ephemeris format 1 is adopted, the satellite position and velocity may update at every 1s, then the common TA and common TA drift are sufficient. In other case, for example, the satellite ephemeris format 2 is adopted or separate validity timer is defined for separate SIBs, higher order parameters needed as the validity duration of common TA parameters may be larger than 10s.
For the 2nd FFS part that how to combine the common TA parameters. When the common TA, common TA drift rate and common TA drift rate variation are indicated jointly at time t0, the UE will compute at time t, using the following equation.

 
Proposal 1: Common TA and common TA drift rate are mandatory parameters to be indicated. 
Proposal 2: Common TA drift rate variation and common TA third order derivative are optionally indicated. 
Common TA signaling
In last meeting[2], the following agreements were achieved for common TA signaling.
	Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range


One remaining issue is whether the common TA parameters need to be indicated via UE-specific signaling. In case of there is no common search space in the active BWP, the common TA parameters could be included in RRC reconfiguration message. In case of connected UE is moving to the target cell, the common TA parameters of target cell needed for accessing to the target cell, which could be included in the RRC reconfiguration message for handover.     
Proposal 3: Common TA parameters can be indicated via UE-specific RRC signaling. 
Epoch time of common TA
In last meeting[2], following agreements were achieved for common TA epoch time.
	Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.


For whether this starting time is given by the network or pre-defined rule, we agree that if the network indicates the starting time, it will bring more overhead in SIB. However, if the satellite ephemeris and common TA parameters is indicated via UE-specific RRC signaling as discussed in section 2.2, a pre-defined rule works for all UEs is hard to achieve. In that sense, we prefer that the network indicate the starting time together with the common TA parameters.
Another remaining issue is whether the satellite ephemeris and common TA parameters transmitted in the same SIB, and use the same epoch time. From the UE perspective, both the satellite ephemeris used for calculating the UE-specific TA and common TA parameters used for calculating common TA are needed for UL transmission. It would increase the UE complexity for SIB acquisition and TA calculating if separate epoch time and/or SIB are used for satellite ephemeris and common TA parameters. 
It is necessary for the UE to know the reference point for epoch time of the common TA parameters to better calculate the common TA. It is reasonable for UE to consider the one-way propagation delay from the satellite to the UE when the satellite is set as the reference point. If the NTN-GW is set as the reference point, it requires the UE to know the location of the NTN-GW, based on the response from SA1, whether there is a privacy issue for broadcasting the location of NTN-GW is still under discussion in SA3. We suggest setting satellite as the reference point at current stage. 
Proposal 4: The epoch time of satellite ephemeris and common TA parameters is defined by the starting time of DL slot indicated by the network.
Proposal 5: Satellite ephemeris and common TA parameters are included in the same SIB/SI and using the same epoch time.
Proposal 6:  The reference point for epoch time of the common TA parameters is satellite. 
TAC in RAR
In RAN1#106 e meeting[3], the following agreements were made:
	Agreement:
· in NR NTN, NTA update based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
 , FFS: the value of ,

· When TACs ( provided within the MAC CE is received,  is updated as follows:
 ,




For the TAC field in Msg2/MsgB, the TA_old should be zero to keep align with the existing specification. 
Proposal 7: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
  
Combination of open and closed loop TA control 
In RAN1#106b e Meeting, the combination of open and closed loop TA was heated discussed and LS [4] was sent to RAN4 to check whether there is any concerns. 
When the satellite ephemeris updates, we think that it is up to UE implementation to decide how to combine the close-loop TA and open loop TA to meet RAN4 timing requirements. For example, the UE may adjust the UL timing gradually when the transmission timing error between the UE and the reference timing exceeds a timing requirement.
Proposal 8: RAN1 waits for RAN4’s feedback on combination of open and closed loop TA control.
NTN UE Time Alignment Timers
In RAN1#106b e meeting[2], the following agreements were achieved.
	Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information
Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)
Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 


When NTN uplink sync loss accrues, the UE tries to acquire the assistance information in the nearest next possible SIB/SI occasion carrying that assistance information, and initiate the random access to acquire UL sync again. In case of there is no CSS in current active BWP, the UEs wait for dedicated scheduling for SI acquiring. 
The validity timer at least broadcast in SIB, and should be defined per BWP as sub-carrier spacing is configured per BWP which will affect the CP length, then the TA error requirement in each BWP may different. Similar with satellite ephemeris and common TA parameters, the validity timer can also indicated in dedicated signalling when RRC connected.
Proposal 9: The validity duration is defined per BWP.
Proposal 10: The validity timer can be indicated via UE-specific RRC signaling.
Broadcasting the position of the reference point
Based on the LS from SA1 [5], the location of GW/gNB may affect the security issue, RAN1 still need to wait for SA3’s response.
	…
Based on the understanding of the regulations, SA1 recommends that SA3 further analyse the security implications of distributing assistance information from the network that may be used to calculate the approximate physical location of the NTN-GW/gNB.
…


Proposal 11: RAN1 waits for SA3’s feedback on privacy issue and postpone the discussion on broadcasting the location of GW/gNB.
Conclusions
In this contribution, we discuss UL time and frequency synchronization for NTN, the following proposals have been made:
Proposal 1: Common TA and common TA drift rate are mandatory parameters to be indicated. 
Proposal 2: Common TA drift rate variation and common TA third order derivative are optionally indicated. 
Proposal 3: Common TA parameters can be indicated via UE-specific RRC signaling. 
Proposal 4: The epoch time of satellite ephemeris and common TA parameters is defined by the starting time of DL slot indicated by the network.
Proposal 5: Satellite ephemeris and common TA parameters are included in the same SIB/SI and using the same epoch time.
Proposal 6:  The reference point for epoch time of the common TA parameters is satellite. 
Proposal 7: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
  
Proposal 8: RAN1 waits for RAN4’s feedback on combination of open and closed loop TA control.
Proposal 9: The validity duration is defined per BWP.
Proposal 10: The validity timer can be indicated via UE-specific RRC signaling.
Proposal 11: RAN1 waits for SA3’s feedback on privacy issue and postpone the discussion on broadcasting the location of GW/gNB.
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