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1. Introduction
At the RAN1#104bis-e meeting, a unified TA calculation formula was agreed [1].
	Agreement:
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 will provide our views on the common TA parameters, the corresponding granularity, signaling, validity duration, update methods in RRC_CONNECTED state and the reference time. Besides, TA margin is also discussed.

2. Issue#1: Indication of Common TA drift parameters
In RAN1#106bis-e meeting, there were agreements below [2].
	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.
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


In this section, we will discuss the two FFSs on the common TA parameters.
2.1. Issue#1-1: Common TA third order derivative
In order to confirm whether common TA third order derivative is necessary, some evaluations are carried out based on the agreed parameters in the previous meeting as shown in Figure 1. Two validity durations are considered, i.e., 10 seconds and 15 seconds. Due to the lack of the values of timing requirement, CP length/4 discussed in  [3] is used as the timing requirement in the evaluation.
The results in Figure 1 show that with Common TA, Common TA drift rate and Common TA drift rate variation, the timing requirement can be satisfied for validity duration of 10 seconds. With the increase of validity duration, more parameters may be needed with higher payload. Considering that this is a tradeoff between the validity duration and payloads, we think that current agreed parameters are enough for moderate validity duration.
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[bookmark: _Ref86409138]Figure 1 TA error for LEO-600km under different parameters and 10 or 15 second validity duration
Observation 1: With the validity duration of 10 seconds, Common TA, Common TA drift rate and Common TA drift rate variation are enough for LEO-600km for FR1. Common TA third order derivative is needed LEO-600km for FR2.
Proposal 1: Common TA third order derivative is optionally supported based on the validity duration and carrier frequency.
2.2. Issue#1-2: Details of combination of Common TA parameters
In the previous meeting, it was agreed that one or more of the Common TA parameters may be indicated by the Network. As the FL recommends [4], the details of combination of Common TA parameters should be further discussed. For example, 
· When Common TA includes parameters indicating timing drift, which of the parameters are mandatory?
In this section, we will provide our views on this issue. 
Currently, most discussions are on the design of common TA parameters of LEO with altitude 600km. From Figure 2, we can find that with the moving of LEO satellite, the distance between the satellite and UE/gNB changes with time, which will cause the time-varying common TA for feeder link, common TA drift rate (i.e., first-order derivative of common TA) and common TA drift variation rate (i.e., second-order derivative of common TA) as shown in Figure 3 (a), Figure 3 (b) and Figure 3 (c), respectively. The results show that common TA for feeder link changes in the range of [4.003ms, 12.878ms], the common TA drift rate for feeder link changes in the range of ±45.8 us/s, and the common TA drift variation rate for feeder link changes in the range of [0.0137us/s2, 0.5807us/s2]. The results in Figure 1 show that for LEO-600km, at least Common TA, Common TA drift rate and Common TA drift rate variation should be known at the UE side for accurate TA estimation. Common TA third order derivative can be optional for some cases, e.g., FR2 and/or validity duration longer than 10 seconds.
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[bookmark: _Ref71620232]Figure 2 Illustration of moving satellite
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               (a) Common TA                          (b) Common TA drift rate            (c) Common TA drift variation rate
[bookmark: _Ref71563373]Figure 3 Common TA, common TA drift rate and common TA variation rate for LEO with altitude 600km

However, as included in this WI [5], GEO/LEO/HAPS/ATG should all be considered for NR NTN. Due to the high satellite speed in the scenario of LEO-600km, the time-varying feature of common TA would be the severest in NR NTN. Other types of NTN platforms did not have such high mobility. For example, for GEO, the satellite speed is negligible as discussed in TR38.821 and its common TA does not change with time, as shown in Figure 4. In this case, common TA drift rate and common TA drift variation rate will be both zero and not needed for the estimation of common TA at UE side.
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[bookmark: _Ref86413605]Figure 4 Common TA for GEO
Based on above analysis, we can find that the required common TA parameters are related to the NTN type, or the type of NTN platforms. Therefore, different combination of common TA parameters can be considered for different NTN types. 

Observation 2: Different combinations of common TA parameters are needed for different NTN types and UE capability on NTN type. For example,
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation are necessary for moderate validity duration and FR1.
· GEO: Common TA is enough due to its feature of stationary location to earth
· HAPS: Common TA (and Common TA drift rate optionally) may be needed

Proposal 2: Based on NTN type and UE capability on NTN type, UE assumes that following combination of common TA parameters are included at least in SIB message:
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation in mandatory, and Common TA third order derivative optionally based on carrier frequency.
· GEO: Common TA in mandatory
· HAPS: Common TA in mandatory, Common TA drift rate optionally
3. Issue#2: Granularity of Common TA parameters
In the previous meeting, the granularity of common TA is agreed as below. However, the granularity of other common TA parameters has not been discussed yet. In order to make the system work, we will discuss the granularity of Common TA drift rate and Common TA drift rate variation in this section.
	Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range


To confirm the granularity of Common TA parameters, we carry out some evaluations under four options of granularity for Common TA drift rate (per second) and Common TA drift rate variation (per second2).
· Option-1: , i.e., same with the granularity of Common TA
· Option-2: , i.e., double granularity of Common TA
· Option-3: , i.e., four times granularity of Common TA
· Option-4: 
Considering that the value ranges of Common TA [4.003ms, 12.878ms], Common TA drift rate [-45.8 us/s, +45.8 us/s] and Common TA drift rate variation [0.0137us/s2, 0.5807us/s2] reduce successively, it is natural to consider same or finer granularity in the order of Common TA, Common TA drift rate and Common TA drift rate variation. Based on this criteria, we design the granularities for Common TA drift rate and Common TA drift rate variation in the evaluation, which affects the overall payload in x-axis. 
In addition, in 5G NR, the highest numerology for data transmission is μ=2 in FR1 and μ=3 in FR2, which are used in the evaluations in Figure 5(a) and (b), respectively. The results show that with the lowest payload, i.e., using same granularity with Common TA in Option 1, the timing error requirement of CP length/4 can be satisfied for FR1 with Common TA, Common TA drift rate and Common TA drift rate variation. While for FR2, much finer granularities are needed as shown in Figure 5(b).
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[bookmark: _Ref86420282]Figure 5 TA error under different granularity and highest numerology for data transmission
Proposal 3: 
· For FR1, same granularity with Common TA can be used, i.e.,   per second for Common TA drift rate and   per second2 for Common TA drift rate variation. 
· For FR2, finer granularity should be used, e.g.,   per second for Common TA drift rate,   per second2 for Common TA drift rate variation and   per second3 for Common TA 3rd-order derivative.
4. Issue#3: Reference time of Common TA parameters and Satellite Ephemeris
In RAN1#106-e meeting, there was an agreement which defines the reference time for serving satellite ephemeris Epoch time to facilitate the estimation of UE-specific TA at the UE side. 
In addition to the satellite ephemeris, common TA parameters are also broadcasted by gNB to facilitate the estimation of common TA at the UE side. Following agreement has been made in previous meeting:
	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.



Due to the similarity between Common TA related parameters and satellite ephemeris related parameters, we discuss the reference time of them together. The remaining issues are discussed in this section. 
In previous meeting, the FFS remains to be the starting time of a DL slot and/or frame which is used to define the reference time, i.e. Epoch time of common TA parameters and/or satellite ephemeris. Two options are given according to the FL recommendation as the following proposals:
	Updated Proposal 11-1:
One of following options is to be supported:
· Option 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Serving satellite ephemeris.
· N is optionally signaled with the ephemeris (otherwise 0).
· Option 2: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris data is valid for.
Note: “implicitly known” means that UTC is not provided to define Serving satellite ephemeris Epoch time.



First, we think above proposal on reference time for ‘Serving satellite ephemeris’ can also apply to ‘common TA parameters’ considering the similarity between them. Hence, ‘Serving satellite ephemeris’ can be replace by ‘Serving satellite ephemeris and/or common TA parameters’ in the two options.
For Option 1, it only supports reference time for SIB signaling instead of dedicate signaling, which is not flexible and has no unified design for all candidate signalings. As in TN, dedicated signaling should also be supported as discussed at the later section. Additionally, the scenario of multiple SIBs with the same common TA parameters needs to be discussed. Validity duration is defined for common TA to reduce the complexity and power consumption at the UE side. However, in order to facilitate fast initial access for all potential UEs in the coverage, the periodicity of SIB (which includes common TA parameters) could be the same with terrestrial 5G NR. This indicates common TA parameters could be broadcasted at the gNB more frequently than being acquired at the UE side. Thus, there would be a cast that there is no update on common TA parameters at multiple SIB times as shown in Figure 6.
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Figure 6 Illustration of multiple SIBs with same common TA parameters
In this case, the reference time of common TA parameters in each SIB may be different from the transmitting time at the gNB or receiving time at the UE side. Therefore, Option 1 may cause error on the choice of starting time, which will further affect the estimation of common TA.
For Option 2, it is more flexible than Option 1 and it could provide unified design for any candidate signaling as well.
Proposal 4:  Serving satellite ephemeris and/or common TA parameters Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris data is valid for. 

Meanwhile, consensus has been made that the reference point for epoch time of the common TA parameters and/or satellite ephemeris should be known by UE, while there’s still an FFS that whether it is at satellite or NTN-GW. 
Considering the propagation delay, UE could not know the exact broadcasting time at the gNB, which would affect common TA estimation accuracy and cause non-negligible timing error as shown in Figure 7 .
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Figure 7 Propagation delay of common TA
 
Accordingly, when reference point is at NTN-GW side, UE will calculate the common TA and/or satellite ephemeris based on propagation delay of both service link and feeder link, which may cause non-negligible accuracy error. Meanwhile, requiring UE to deal with the propagation delay on the feeder link seems unnecessary and it is also difficult for UE to calculate. When reference point is at satellite side, UE calculates the common TA and/or satellite ephemeris based on the propagation delay on service link only, which is simpler and preferred.

Proposal 5: The reference point for Epoch time of the common TA parameters and/or satellite ephemeris could be set at the satellite. 

The following proposal is also mentioned in the FL recommendation, in order to discuss whether the same Epoch time of common TA parameters and satellite ephemeris can be used.
	Updated Proposal 3-1-2 (rev 2):
· Satellite Ephemeris data and Common TA related parameters are sent within the same SIB/SI.
· The epoch time of serving satellite ephemeris implicitly known as a reference time defined by the starting time of a DL slot and/or frame is used as reference time for Common TA parameters.



Regarding this issue, when the satellite ephemeris data and common TA parameters are sent at the same signalling, e.g., SIB1, the same Epoch time as well as reference point can be used. As satellite ephemeris data and common TA related parameters may also be transmitted in other dedicated signalling in RRC_CONNECTED state, different Epoch time could be considered if they are not transmitted in the same signalling. However, from our point of view there’s no valid case to support this kind of scenario. Thus, the satellite ephemeris and common TA parameters are broadcasted in the same SIB, and it’s appropriate to define the reference time of common TA by the Epoch time of serving satellite ephemeris under this condition. 

Proposal 6: The common TA parameters and satellite ephemeris are sent within the same signaling, e.g., SIB1, and the same Epoch time can be used for both of them. 

5. Issue#4: Need and indication of TA margin
In the previous meeting, there is a conclusion that “Do not define a TA margin”. Some companies think that the over pre-compensation can be ignored because of its marginal effects on the performance. However, this observation is obtained in limited evaluations. The effects of over pre-compensation on performance may be dependent with its value and system configuration, e.g., CP length, BER requirements, etc. Therefore, ignoring the over pre-compensation at UE side during RACH procedure may have some potential risks. 
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[bookmark: _Ref83310321]Figure 6 Illustration of over pre-compensation δ
	FL Recommendation:
For the next RAN1 meeting, companies are encouraged to provide inputs on the following questions/options:
· If the UE advances its initial transmission w.r.t PRACH occasion (.e.g. by + Te_NTN) :
· RAN1 to clarify the behavior of gNB:
· What would be the adjustment to be sent in TAC/RAR?
· Option 1: the adjustment to be sent in TAC/RAR = 0
· Or to avoid the UE advances its initial transmission:
· Option 2:  may include a timing offset (.e.g. = + Te_NTN ) if considered necessary to avoid that the UE over pre-compensates its TA during RACH procedure.



As analysed in Figure 7, to avoid the UE advances its initial transmission, common TA may include a timing offset. Some companies think that adding timing offset in Common TA to solve the over pre-compensation during RACH procedure will affect the data transmission. However, based on our analysis in Figure 7, for data transmission, the relative timing adjustment is related to the estimated TA (including both Common TA and UE-specific TA) and the real TA. As long as the definition of Common TA remains for RACH procedure and data transmission, there should be no effects on data transmission. Otherwise, there would be a mismatch between the overall TA obtaining TA adjustment during RACH procedure and considered TA in the 1st transmission, which may affect the performance.
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[bookmark: _Ref83363566]Figure 7 Analysis of including an offset in Common TA

Observation 3: Including a timing offset in Common TA can avoid over pre-compensation issue during RACH procedure. Different definitions of Common TA (e.g., including a timing offset or not) during the RACH procedure and data transmission would cause a mismatch and affect the performance.

Based on the initial agreements on TA calculation in RAN1#104bis-e meeting, NTA,common is network-controlled common TA, and may include any timing offset considered necessary by the network. Therefore, even though including a timing offset in Common TA is preferred to avoid over pre-compensation, it can be up to Network implementation.

Proposal 7: It could be up to Network implementation on whether to include a timing offset in Common TA to avoid that the UE over pre-compensates its TA during RACH procedure.

6. Issue#5: TA update in RRC_CONNECTED state
Regarding the TA update in RRC_CONNECTED state, following agreements on TA control methods and NTA update method were agreed. However, the details of the combination of open and closed loop TA control are still FFS. Besides, the update methods for common TA and UE-specific TA in RRC_CONNECTED state also need further study. In this section, we will discuss the remaining issues.
	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
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 , 
where, is the TAC field in msg2/msgB
· When TACs ( provided within the MAC CE is received,  is updated as follows:
 ,
Where, is the TAC field received in MAC CE command



6.1. Issue#5-1: Remaining issues on NTA update
Based on the discussions in previous meeting, the value of  during RACH procedure depends on the selected methods for TA margin in Section 5. Based on our analysis, a timing offset can be included in Common TA and no explicit indication is needed. In this case,  should be zero during RACH procedure. Then, we have following proposal.

Proposal 8: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , where is the TAC field in msg2/msgB

6.2. Issue#5-2: Combination of closed-loop and open-loop TA control
As is known by the NTN group, open-loop TA is obtained by broadcasting common TA parameters and satellite ephemeris by the gNB and self-estimating common TA and UE-specific TA at the UE side. There are validity durations for the broadcasting parameters. Closed-loop TA control is same with TA update methods as in terrestrial 5G NR systems, which includes TAC in msg2/msgB during RACH procedure and TAC in MAC CE during data transmission.
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(a) Illustration of open-loop and closed-loop TA control in NR NTN
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(b) Impacts of common TA updates on overall TA in RRC_CONNECTED state
[bookmark: _Ref83364998]Figure 8 TA update in RRC_CONNECTED state
As shown in Figure 8, when updating the open-loop TA related parameters (common TA, and/or satellite ephemeris and/or GNSS fix), there will be a sudden change for open-loop TA values. However, the closed-loop TA value NTA the UE have was indicated from NW side based on the old open-loop TA values, which will cause a large TA error.

Observation 4: Independent closed-loop and open-loop TA control may cause large timing error.

Considering the closed-loop TA update methods in RRC_CONNECTED state has already been agreed in RAN1#106-e meeting, further revision on closed-loop TA update methods would cause large efforts. However, the open-loop TA update methods in RRC_CONNECTED state are still FFS, which could be designed to solve the timing error of independent combination as shown in Figure 8(b).

Proposal 9: Independent combination of closed-loop and open-loop TA should be avoided. To reduce the timing error in RRC_CONNECTED, the revision of open-loop TA update methods, while maintaining the closed-loop TA control methods, should be considered.

6.3. Issue#5-3: Common TA update in RRC_CONNECTED state
To reduce the impacts of sudden updates of common TA for a new validity duration, two options can be considered. The first option is to configure smaller validity duration for common TA parameters. Then, the gap between the common TA estimated by old and new common TA parameters would be smaller. In this case, the independent combination of closed-loop and open-loop TA would have smaller error. However, the cost is the increase of UE complexity and power consumption. The second option is to reduce or limit the update/step values of common TA, which is similar with the limit on TA update/step values based on MAC CE command. 
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[bookmark: _Ref83367220]Figure 9 Illustration of common TA update methods in RRC_CONNECTED state
Proposal 10: To reduce the error caused by the combination of common TA and N_TA, following options can be considered.
· Option 1: Configure small validity duration for common TA considering the constraints of timing jump value.
· Option 2: Revise the common TA update equation into gradual update equation, e.g., NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N, where N is an integer and (NTA, common_new – NTA,common_old)/N should be equal with or smaller than the step Tstep,common. 

6.4. Issue#5-4: UE-specific TA update in RRC_CONNECTED state
There is a conclusion in RAN1#104bis-e meeting that “The orbital propagator model to be used at UE side can be left to implementation”. Therefore, UE-specific TA for any time can be estimated at UE side based on its implementation. In addition, GNSS fix update periodicity is also related to UE implementation and its GNSS performance. We think that UE implementation should consider the impacts of UE-specific TA update on TA error in RRC_CONNECTED state.

Proposal 11: UE-specific TA update in RRC_CONNECTED state can be up to UE implementation.
· Note: The constraints on update step of UE-specific TA should be considered based on the definition by RAN4.

7. Issue#6: NTN UE Time Alignment Timers
Validity duration for satellite ephemeris and common TA parameters has been discussed in several meetings. In previous meeting, it was agreed that UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e., serving satellite ephemeris or Common TA parameters) is not available within the associated validity duration. However, the details on how to acquire new or additional assistance information is still FFS.
We can divide the issue into two cases. The first case is that how can UE acquire new or additional assistance information within the associated validity duration. In this case, UE has not lost uplink synchronization and the validity timer has not been expired. Then, UE just needs to read the signaling with the new or additional assistance information. For example, UE can read the SIB1 or the dedicated signaling carrying the new or additional assistance information. 
The second case is that how can UE acquire new or additional assistance information after the validity duration. In this case, UE has lost uplink synchronization and the validity timer has been expired. UE needs to re-acquire the assistance information. It does not mean that RRC connection is broken because UE can still receive DL signals in some cases (e.g., when ACK/NACK feedback is not needed for some DL data). Then, NR behavior for UL asynchronization can be reused directly.
Proposal 12: When UE losing uplink synchronization because of non-available new or additional information within the associated validity duration, UE follows Rel-15/16 behavior on uplink asynchronization.

In addition, FL recommends to discussing the proposal below. 
	Updated Proposal 6-4 (rev 1):
The Validity duration for both serving satellite ephemeris and common TA related parameters is at least broadcast on the SIB
· FFS: Whether it is defined per cell or per BWP
· FFS: whether to provide the Validity duration using dedicated signalling when UE is RRC connected, e.g., if UE is not configured with common search space.
· FFS: Its unit and value range


Considering that Common TA parameters and satellite ephemeris are the same for all users in the coverage area of one satellite, the validity duration broadcasted on the SIB can be defined per cell. The signaling related design can be found in the next section.

Proposal 13: Validity duration for serving satellite ephemeris and common TA related parameters broadcast on the SIB is defined per cell.

8. Issue#7: Signaling of common TA and satellite ephemeris related parameters
Due to the similarity between Common TA related parameters and satellite ephemeris related parameters, we discuss the signaling together in this section. The detailed designs are categorized into two sub-issues.
8.1. Issue#7-1: Signaling for common TA parameters and satellite ephemeris
Firstly, to ensure that users can acquire the assistance information including common TA parameters and satellite ephemeris, broadcasting signaling, e.g., SIB, should be used. Furthermore, regarding to the scenario when the UE is not configured with a Common Search space within the active BWP, dedicated signaling with SIB message in its serving cell as in 5G NR can be considered. For example, as stated in TS38.331:
“For a UE in RRC_CONNECTED, the network can provide system information through dedicated signalling using the RRCReconfiguration message, e.g. if the UE has an active BWP with no common search space configured to monitor system information, paging, or upon request from the UE.”
For handover case proposed by many companies, dedicated signaling with SIB message in its target cell can be considered.
Observation 5: When the UE is not configured with a Common Search space within the active BWP, dedicated signaling with SIB message can be considered.
Proposal 14: For UEs without a Common Search space within the active BWP, dedicated signaling with same information in SIB message as well as same mechanism with 5G NR can be reused.
In previous meeting, it was agreed that “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”. For SIB message, SIB1 message should be considered to ensure that UEs in any RRC state can acquire the assistance information at any time. Based on this agreement and above analysis on dedicated signaling, we can have following proposal.
Proposal 15:  Common TA related parameters and satellite ephemeris can be signaled in the same SIB1 message, or in the same dedicated signaling carrying SIB1 message, e.g., RRC, at least for UEs without common search space in its active BWP.
8.2. Issue#7-2: Signaling for validity duration and Epoch time of common TA parameters and satellite ephemeris
Validity duration and Epoch time are two important parameters related to Common TA parameters and satellite ephemeris. For the update of common TA parameters and/or satellite ephemeris, the associated validity duration and Epoch time may also be updated. Separate signaling for validity duration and Epoch time from the associated parameters will increase the system complexity and reduce the flexibility. Therefore, we think that validity duration and Epoch time should be signaled together with their associated parameters.
Observation 6: For the update of common TA parameters and/or satellite ephemeris, the associated validity duration and Epoch time may also be updated.
Proposal 16: The validity duration and Epoch time should be signaled together with the associated common TA parameters and/or satellite ephemeris.

9. Issue#8: Common frequency pre-compensation offset
For Doppler shift compensation on service link for downlink and uplink, in previous meetings the following agreements and conclusions have been made.
	Agreement (RAN1#103-e):
· In 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 (RAN1#103-e): 
· 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.
Conclusion (RAN1#104-e) :
· 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.
Conclusion (RAN1#106-e) :
· Indication of common post-compensation frequency offset for Uplink is not needed.



In RAN1#106bis-e meeting, the following FL recommendation has been made.
	FL Recommendation: 
On issue#8: Companies are encouraged to read each other views expressed within different contributions and during different round of discussions during last RAN1 meetings.
In next RAN1 meeting, companies are encouraged to discuss/propose what would be the reasonable way forward: 
· Option 1: Deprioritize support of Common DL frequency compensation for the service link Doppler shift.
· Option 2: Common DL frequency compensation for the service link Doppler shift is supported:
· Proponents are encouraged to provide more details on the signaling of the amount of compensated frequency (amount of indicated compensated frequency, granularity, indication periodicity...etc )  if DL common frequency compensation is applied by the network:
- For Earth moving cell/beam
- For Earth fixed cell/beam



For option 1, additional complexity is needed at the UE to achieve robust performance on synchronization based on Rel-15 SSB without pre-compensation of Doppler shift by the network. On the other hand, as the UE is capable of using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link, deprioritizing the support of DL frequency compensation for the service link Doppler, i.e., option 1, could take the lowest specification effort considering limited Rel-17 time. Unless the additional complexity of SSB search at UE is non-acceptable, system can work under option 1.

Meanwhile, if there is no significant disadvantage brought by gNB DL frequency pre-compensation and indication, it is better to introduce it to reduce the SSB searching space though option 1 may work. gNB performing a common Doppler frequency offset pre-compensation on the DL transmissions could minimize the SSB searching space for the UE. Therefore, option 2 has some benefit. For option 2, the main concern is that in case of earth-fixed cell, UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters, e.g., every 2.3 seconds, which may cause additional UE complexity. From our point of view, since common TA parameters are also broadcasted in SIB and acquired by UE, if the time scale for TA parameters acquiring is similar as that for FO parameters acquiring, option 2 won’t cause significant complexity increase at UE. However, during the email discussion of RAN1#106bis-e meeting, following consensus has been achieved that the time scale of acquiring common TA could be over ten seconds. So that option 2 could cause considerable additional complexity at UE side and would not be preferred. 

Proposal 17: Support to deprioritize DL common frequency pre-compensation for the service link Doppler shift (i.e. Option 1).

10. Issue#9: Satellite ephemeris format
In previous meeting, the working assumption on the satellite ephemeris format bit allocations for LEO/MEO/GEO was agreed. However, the ephemeris format bit allocations for HAPS are still FFS.
	Working assumption:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m] is [78 bits]
· Position range is driven by GEO: +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 bytes payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o, +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o, +90o]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
· FFS: Additional enhancement to optimize the signalling overhead.
· FFS: Ephemeris format bit allocations for HAPS


For HAPS, the platform flies at the altitude of 11-50km in the stratosphere with typical altitude of around 20km. The moving speed of HAPS differs due to various types of HAPS platforms. The range of HAPS moving speed is from 0km/h for balloon type of HAPS to 500km/h (i.e., 138.9m/s) for aircraft type of HAPS. For example, the moving speed of Airbus Zephyr S is about 150km/h (i.e., 41.7m/s). 
From above data, we can find that current value ranges of position and velocity state vector ephemeris format in the agreed working assumption can support HAPS scenario. For the unified design of all NTN types in R17, HAPS can reuse current design of position and velocity state vector ephemeris format. However, if further optimization can be considered for HAPS, the value range, the quantization step and payload can be further optimized.
For example, with same payload of 17 bytes, the range and quantization step can be re-designed for HAPS:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m] is [78 bits]
· Position range is driven by HAPS: +/- 50 km
· The quantization step is [1mm] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is [0.0011 m/s] for Velocity
With above calculation, we can find that the quantization step is too small. Therefore, we can further reduce the payload for HAPS:
· Position and velocity state vector ephemeris format [12 bytes payload]. 
· The field size for position [m] is [54 bits]
· Position range is driven by HAPS: +/- 50 km
· The quantization step is [0.38m] for position
· The field size for velocity [m/s] is [42 bits]
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is [0.017 m/s] for Velocity
With above design, the payload of HAPS can be reduced from 17 bytes to 12 bytes, and the quantization step can be reduced by more than 3 times for both position and velocity, i.e., finer quantization can be obtained.
Observation 7: With position and velocity state vector ephemeris format, current bit allocations for LEO/MEO/GEO includes HAPS scenario. Further optimization on the bit allocations can be considered for finer quantization and lower payload.
In addition, due to the specific feature of HAPS, the trajectory of the moving platform does not follow the orbit as in LEO/MEO/GEO. Therefore, describing the ephemeris of HAPS with orbital parameter ephemeris format is not an appropriate way. However, if the design of orbital parameter ephemeris format also targets for HAPS, at least current value range of semi-major axis did not include HAPS and extension may be needed. The value range should be carefully designed.
Observation 8: Orbital parameter ephemeris format is not suitable for HAPS scenario and is not preferred.
Proposal 18: Only use the position and velocity state vector ephemeris format for HAPS. The bits allocation can be further optimized.
· Position and velocity state vector ephemeris format [12 bytes payload]. 
· The field size for position [m] is [54 bits]
· Position range is driven by HAPS: +/- 50 km
· The quantization step is [0.38m] for position
· The field size for velocity [m/s] is [42 bits]
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is [0.017 m/s] for Velocity
Proposal 19: For the potential application of orbital parameter ephemeris format for HAPS, at least the value range of semi-major axis should be redesigned.
11. Conclusion
In this contribution, we discussed the remaining issues on UL time and frequency synchronization in NR NTN, including the assistance information of common TA related parameters and satellite ephemeris, TA update in RRC_CONNECTED state, signaling design, etc.. Based on the discussion we made following observations. 
Observation 1: With the validity duration of 10 seconds, Common TA, Common TA drift rate and Common TA drift rate variation are enough for LEO-600km for FR1. Common TA third order derivative is needed LEO-600km for FR2.
Observation 2: Different combinations of common TA parameters are needed for different NTN types and UE capability on NTN type. For example,
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation are necessary for moderate validity duration and FR1.
· GEO: Common TA is enough due to its feature of stationary location to earth
· HAPS: Common TA (and Common TA drift rate optionally) may be needed
Observation 3: Including a timing offset in Common TA can avoid over pre-compensation issue during RACH procedure. Different definitions of Common TA (e.g., including a timing offset or not) during the RACH procedure and data transmission would cause a mismatch and affect the performance.
Observation 4: Independent closed-loop and open-loop TA control may cause large timing error.
Observation 5: When the UE is not configured with a Common Search space within the active BWP, dedicated signaling with SIB message can be considered.

Observation 6: For the update of common TA parameters and/or satellite ephemeris, the associated validity duration and Epoch time may also be updated.
Observation 7: With position and velocity state vector ephemeris format, current bit allocations for LEO/MEO/GEO includes HAPS scenario. Further optimization on the bit allocations can be considered for finer quantization and lower payload.
Observation 8: Orbital parameter ephemeris format is not suitable for HAPS scenario and is not preferred.

Based on the discussion we made following proposals.
Proposal 1: Common TA third order derivative is optionally supported based on the validity duration and carrier frequency.
Proposal 2: Based on NTN type and UE capability on NTN type, UE assumes that following combination of common TA parameters are included at least in SIB message:
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation in mandatory, and Common TA third order derivative optionally based on carrier frequency.
· GEO: Common TA in mandatory
· HAPS: Common TA in mandatory, Common TA drift rate optionally
Proposal  3: 
· For FR1, same granularity with Common TA can be used, i.e.,   per second for Common TA drift rate and   per second2 for Common TA drift rate variation. 
· For FR2, finer granularity should be used, e.g.,   per second for Common TA drift rate,   per second2 for Common TA drift rate variation and   per second3 for Common TA 3rd-order derivative.
Proposal  4:  Serving satellite ephemeris and/or common TA parameters Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris data is valid for. 
Proposal  5: The reference point for Epoch time of the common TA parameters and/or satellite ephemeris could be set at the satellite. 
Proposal 6: The common TA parameters and satellite ephemeris are sent within the same signaling, e.g., SIB1, and the same Epoch time can be used for both of them. 
Proposal 7: It could be up to Network implementation on whether to include a timing offset in Common TA to avoid that the UE over pre-compensates its TA during RACH procedure.
Proposal 8: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , where is the TAC field in msg2/msgB

Proposal 9: Independent combination of closed-loop and open-loop TA should be avoided. To reduce the timing error in RRC_CONNECTED, the revision of open-loop TA update methods, while maintaining the closed-loop TA control methods, should be considered.

Proposal 10: To reduce the error caused by the combination of common TA and N_TA, following options can be considered.
· Option 1: Configure small validity duration for common TA considering the constraints of timing jump value.
· Option 2: Revise the common TA update equation into gradual update equation, e.g., NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N, where N is an integer and (NTA, common_new – NTA,common_old)/N should be equal with or smaller than the step Tstep,common. 
Proposal 11: UE-specific TA update in RRC_CONNECTED state can be up to UE implementation.
· Note: The constraints on update step of UE-specific TA should be considered based on the definition by RAN4.
Proposal 12: When UE losing uplink synchronization because of non-available new or additional information within the associated validity duration, UE follows Rel-15/16 behavior on uplink asynchronization.
Proposal 13: Validity duration for serving satellite ephemeris and common TA related parameters broadcast on the SIB is defined per cell.
Proposal 14: For UEs without a Common Search space within the active BWP, dedicated signaling with same information in SIB message as well as same mechanism with 5G NR can be reused.
Proposal 15:  Common TA related parameters and satellite ephemeris can be signaled in the same SIB1 message, or in the same dedicated signaling carrying SIB1 message, e.g., RRC, at least for UEs without common search space in its active BWP.
Proposal 16: The validity duration and Epoch time should be signaled together with the associated common TA parameters and/or satellite ephemeris.
Proposal 17: Support to deprioritize DL common frequency pre-compensation for the service link Doppler shift (i.e. Option 1).
Proposal 18: Only use the position and velocity state vector ephemeris format for HAPS. The bits allocation can be further optimized.
· Position and velocity state vector ephemeris format [12 bytes payload]. 
· The field size for position [m] is [54 bits]
· Position range is driven by HAPS: +/- 50 km
· The quantization step is [0.38m] for position
· The field size for velocity [m/s] is [42 bits]
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is [0.017 m/s] for Velocity
Proposal 19: For the potential application of orbital parameter ephemeris format for HAPS, at least the value range of semi-major axis should be redesigned.
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