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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. Discussion on the Common TA parameters
Common TA can include the round-trip time (RTT) from the reference point (RP) to the satellite/HAPS and other potential timing offsets. Based on the discussions in previous meetings, the location of RP depends on the network implementation. For example,
· When RP is located and fixed at the gNB, UL and DL transmission are time aligned at the gNB, which is the same with the terrestrial network. RP at the gNB in NTN is more compatible with TN and is better for integrated NTN and TN system.
· When RP is located at the satellite/HAPS or is flexibly located at the feeder link or service link, the unaligned UL/DL transmission will increase the gNB complexity and make the NTN incompatible with the TN.
In current stage, all possibilities should not be precluded. Except the RP location, the common timing drift rate being compensated by UE or by the Network was also discussed in previous meetings. In RAN1#106-e meeting, there was a working assumption below [2].
	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.


However, whether and how to indicate common timing drift were still under discussion. In this section, we will provide our views on this issue.
From Figure 1, we can find that with the moving of satellite, the distance between the satellite and UE/gNB changes with time. Therefore, both the common TA for feeder link and UE-specific TA for service link vary with time. We will analyze the common TA for feeder link as an example. 
When the reference point (RP) is located at the gNB, common TA for feeder link is defined as the RTT between satellite/HAPS and gNB. For LEO with altitude 600km and minimum elevation angle 10°, the 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) are provided in Figure 2 (a), Figure 2 (b) and Figure 2 (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]. 
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[bookmark: _Ref71620232]Figure 1 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 2 Common TA, common TA drift rate and common TA variation rate for LEO with altitude 600km

To evaluate the required parameters for handling time-varying common TA as shown in Figure 2 by NR NTN UE, we consider three sets of common TA parameters in the following evaluations.
· Set 0: Common TA
· Set 1: Common TA and common TA drift rate
· Set 2: Common TA, common TA drift rate and common TA drift variation rate
For different sets of common TA parameters, the common TA in the validity duration of  can be estimated at the UE side as:



where,
· ,  and  denote the estimated common TA based on set 0 (common TA), set 1 (common TA and drift rate) and set 2 (common TA, drift rate and drift variation rate), respectively.
· ,  and  denote the common TA, common TA drift rate and common TA drift variation rate at time  satisfying , respectively.
·  denotes the validity duration as well as the period for UE acquiring new common TA parameters. 
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[bookmark: _Ref78818125]Figure 3 Real and estimated common TA based on different sets of common TA parameters
The estimated common TA based on the three sets of common TA parameters without quantization are provided in Figure 3. The effects of quantization and related granularity will be discussed in the next section. It can be found that under same validity duration , more common TA parameters can be used to approach the ideal common TA.  Besides, in the evaluations,  is considered for common TA estimation. It should be noted that the selection of  can also affect the estimation performance of common TA, which will be further discussed as the reference time of common TA parameters in Section 7.
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[bookmark: _Ref78818138]Figure 4  Estimation error of common TA based on different sets of common TA parameters, with validity duration =10 seconds

In Figure 4, the estimation error of common TA is illustrated. The results further identify that estimation error reduces with the number of common TA parameters in the set. Besides, with constant validity duration, the estimation error would change with the time. To ensure that the estimated TA always satisfies the requirement, maximum estimation error for all time will be considered in the sequel.
The sets of common TA parameters and validity durations for UEs re-acquiring new common TA parameters have impacts on the system design in various aspects:
· For different sets of common TA parameters, the broadcasting payload and the UE complexity on estimating the common TA based on the parameters would be different. For example, the broadcasting payload and UE complexity on estimating common TA for Set 0 would be both lower than those for Set 1 and Set 2.
· Validity duration indicates the time period during which the common TA parameters are valid and accurate TA satisfying TA error requirement can be obtained at the UE side. UE should not re-acquire or can skip re-acquiring new common TA parameters in validity duration after an acquirement timing. Therefore, validity durations would affect UE complexity on reading and decoding broadcasting information, e.g., SIB, as well as the UE power consumption. The longer validity duration is, the lower complexity and power consumption at the UE side are. 
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[bookmark: _Ref78818145]Figure 5 Maximum estimation error of Common TA under different set of common TA parameters and different validity duration 
In Figure 5, the maximum estimation error of common TA is evaluated under different sets of common TA parameters (in x-axis) and different validity durations (in different curves). In order to show which set of common TA parameters and which validity duration (or acquiring period at UE side) can satisfy the requirements, the upper bound of TA error (i.e., CP length/4 [3]) under subcarrier spacing 15kHz and 120kHz are also provided in the figure. The results show that there is a tradeoff between the common TA parameters and validity duration. For example, if the validity duration can be small (which may increase the UE complexity for decoding the broadcasting parameters and power consumption), Set 0 and Set 1 of common TA parameters are enough. However, if the validity duration should be large to reduce the UE complexity and power consumption, Set 1 and Set 2 of common TA parameters should be considered, which will increase the broadcasting payload.

Observation 1: Taking the timing error requirements of CP length/4 as example, the requirements of common TA for both SCS 15kHz and 120kHz can be satisfied in the following two cases:
· Case 1: Set 1 (i.e., Common TA and common TA drift rate) are broadcasted and UE acquires the new broadcasting parameters every 0.5sec.
· Case 2: Set 2 (i.e., Common TA, common TA drift rate and common TA drift variation rate) are broadcasted and UE acquires the new broadcasting parameters every 4sec.
Observation 2: Under given requirement of maximum TA error, there is a tradeoff between the broadcast parameters and validity duration parameter ‘valid_duration’.
· Note: Validity duration indicates the time period during which the common TA parameters are valid and accurate TA satisfying TA error requirement can be obtained at the UE side. UE should not re-acquire or can skip re-acquiring new common TA parameters in a validity duration after an acquirement timing.
Proposal 1: Confirm the working assumption that 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.

3. Discussion on the Granularity of Common TA parameters
Except the parameters, the granularity of common TA also affects the timing errors. In the previous meeting, companies provided views on the potential granularities, which were summarized in the FL summary [4] as listed below. We can find that several options exist for the granularity of common TA and companies’ views are diverse.
	Initial Proposal 3:
If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be:
· Option 1:  The same as the granularity of N_TA, i.e., (16∙64)⁄2μ ∙Tc.
· Option 2: 64⁄2μ ∙Tc
μ is the highest allowed numerology for the given Frequency Range



Obviously, the granularity is related to the payload as well as the performance of common TA error. To analyze its impact on the performance, we evaluate the estimation error of common TA under following options of granularity as well as different sets of common TA parameters. 
· Option 1:  The same as the granularity of , i.e., .
· Option 2: 
· Option 3: 

Based on Observation 1, both case 1 and case 2 are applicable for SCS 15kHz and 120kHz. Therefore, in the following evaluations, both cases in Observation 1 are considered. 
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(a) 15kHz SCS with                                      (b) 120kHz SCS with 
[bookmark: _Ref78821031]Figure 6 Maximum TA error under different options of granularity for valid_duration 0.5sec
As shown in Figure 6, for both SCS 15kHz and 120kHz, with small valid_duration 0.5sec, using option 1 (i.e., same as NR TA granularity ) for all the common TA parameters can satisfy the requirements of common TA error.

Observation 3: In the case with small valid_duration, e.g., 0.5sec,
· For common TA parameters, the same granularity as in 5G NR, i.e., option 1 with , is enough. 
· For common TA drift rate, higher granularity can reduce TA error but the gain is limited.
· For common TA drift variation rate, the gain is limited even with the highest granularity of option 3 (i.e., ).

Proposal 2: Following common TA parameters can be indicated by the network:
· Common TA
· Common TA drift rate
· FFS: Higher order derivatives of common TA

Based on the maximum value of common TA 12.878ms and common TA drift rate 45.8 us/s as shown in Figure 2, the payload of parameters under granularity of  can be calculated. 

Proposal 3: For small valid_duration less than 1 second, the granularity of Common TA parameters is set to the same as the granularity of NTA, . 
· Common TA: 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate: 7bits payload for SCS 15kHz, 10bits payload for SCS 120kHz

If larger payload is acceptable, the issues of allocating the total payload to different parameters with same or different granularities should be further studied. In Table 1, initial evaluations are provided. The results show that larger payloads can be allocated to common TA instead of common TA drift rate (i.e., estimation error of common TA with option 2 and drift rate with option 1 is smaller than that of common TA with option 1 and drift rate with option 2). In other words, using higher granularity for common TA performs better than using higher granularity for common TA drift rate under small validity duration.
Table 1 Estimation error of common TA under valid_duration 0.5sec
	Granularity for (common TA, common TA drift rate)
	(Option 1, Option 1)
	(Option 1, Option 2)
	(Option 2, Option 1)
	(Option 2, Option 2)
	Upper bound of TA error

	Maximum TA error for SCS=15kHz
	0.4102 us
	0.3396 us
	0. 2507 us
	0.1531 us
	1.1725 us

	Maximum TA error for SCS=120kHz
	0.1128 us
	0.1048 us
	0.0923 us
	0.0811 us
	0.1450 us
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(a) 15kHz SCS with                                      (b) 120kHz SCS with 
[bookmark: _Ref79075706]Figure 7 Maximum TA error under different options of granularity for valid_duration 4sec
As shown in Figure 7, for both SCS 15kHz and 120kHz, with large valid_duration 4sec, using option 1 (i.e., same as NR TA granularity ) for all the common TA parameters can not satisfy the requirements of common TA error. Higher granularity for common TA drift rate and drift variation rate is necessary.

Observation 4: In the case with large valid_duration, e.g., 4sec, common TA parameters with following granularity should be considered to satisfy the error requirement.
· Common TA: The same granularity as in 5G NR, i.e., option 1 with 
· Common TA drift rate: Higher granularity, e.g., option 2 with .
· Common TA drift variation rate: Highest granularity, e.g., option 3 with .

Proposal 4: For valid_duration larger than 1 second, different granularities can be used for multiple common TA parameters.
· Common TA with granularity : 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate with granularity : 9bits payload for SCS 15kHz, 12bits payload for SCS 120kHz
· Common TA drift variation rate with granularity : 5bits payload for SCS 15kHz, 8bits payload for SCS 120kHz


4. Discussion on the Signaling and Validity duration of Common TA parameters
As discussed above, common TA parameters are used at the UE side for common TA estimation in one validity duration. To reduce the overall payload and further considering that common TA parameters are the same for all UEs in one cell, broadcasting signaling, e.g., SIB, can be used for common TA parameters. In this case, common TA parameters can be updated for each broadcasting period, e.g., the default period as NR 20ms. 
· On the one hand, this can ensure that all the UEs in RRC_IDLE/INACTIVE state trying to get access to the network can obtain the latest common TA parameters in SIB, which can reduce the residual TA for preamble transmission as shown in  Figure 8(a). 
· On the other hand, UEs in RRC_CONNECTED state can always acquire/re-acquire new common TA parameters when necessary, e.g., when the old common TA parameters are not valid and a new valid_duration is started as shown in Figure 8(b) and Figure 9.
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(a) For RRC_IDLE/INACTIVE state                             (b) For RRC_CONNECTED state  
Figure 8 Procedure of obtaining common TA parameters
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[bookmark: _Ref78823719]Figure 9 Illustration of broadcasting periodicity and validity duration for Common TA
Proposal 5: Common TA parameters can be broadcasted in broadcasting information, e.g., SIB.

In RAN1#106-e meeting, a validity duration for satellite ephemeris data was agreed [2]. There is an FFS whether the same validity duration can be applied for Common TA. We will discuss the validity duration for common TA in the sequel.
	Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.
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(a) Case 1: Set 1 with valid_duration 0.5sec                  (b) Case 2: Set 2 with valid_duration 4sec
[bookmark: _Ref78824689]Figure 10 Estimation error of common TA with uniform and non-uniform valid_duration
Based on the distribution of TA error under different time in Figure 4, we can find that if common TA and common TA drift rate are used for common TA estimation, the TA error will firstly increase and then decrease with the time. In other words, with uniform (or constant) valid_duration, the maximum TA error is related to the TA error when satellite is closest to the gNB on the ground.  This indicates that non-uniform valid_duration can be further considered to reduce the maximum TA error. For example, with non-uniform valid_duration, the maximum TA error reduces from 0.071us to 0.061us and from 0.072us to 0.042us in Figure 10 (a) and (b), respectively.
However, considering that the estimation method and performance of UE-specific TA is up to UE implementation, non-uniform validity duration may not be suitable for the broadcasted satellite ephemeris data. This motivates us to define a separate validity duration for common TA parameters.

Observation 5: Non-uniform validity duration can reduce the TA error, which could be different from the validity duration for satellite ephemeris data for UE-specific TA estimation. Validity duration for common TA parameters can be updated after RRC connection was established.

Proposal 6: For common TA parameters, a validity duration separate from that for satellite ephemeris data can be indicated to UE, during which UE assumes common TA parameters are valid.

5. Discussion on the need and indication of TA margin
During the first acquisition of the TA, the UE can overestimate it. In case of overestimation, the PRACH preamble will be received at gNB side in advance with respect to the PRACH occasion, which will result in unwanted interference with previous slot or PRACH occasion as illustrated in Figure 11. In RAN1#106-e meeting, there was an agreement listing all options to avoid UE over pre-compensation.
	Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered and it is explicitly indicated to the UE
· Option 3: TA margin can be considered and it is included within the Common TA
· Option 4: UE handles it via implementation 
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[bookmark: _Ref83310321]Figure 11 Illustration of over pre-compensation

For option 1, PRACH transmission is delayed by min(CP/2, GP/2). As shown in Figure 12(a), in the case with over pre-compensation at the UE side, delaying a fixed value min(CP/2, GP/2) can solve the problem in a simple way. However, the delayed value cannot be flexibly adjusted based on the value of TA margin and may cause large TA error. For example, when no over pre-compensation happens at the UE side, delaying a fixed value of min(CP/2, GP/2) can increase total timing error as shown in Figure 12(b).
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(a) Case with over pre-compensation
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(b) Case without over pre-compensation
[bookmark: _Ref83310700]Figure 12 Illustration of transmission delayed by min(CP/2, GP/2)

Observation 6: Option 1 (PRACH transmission is delayed by min(CP/2, GP/2)) is equivalent with setting a fixed TA margin, which is much larger than the timing requirements. This fixed and large TA margin would affect the budget of other error sources.

For option 2 and option 3, the TA margin can both be flexibly adjusted based on the requirements. As analyzed in Figure 13, to ensure the same equation agreed in RAN1#104bis-e, NTA,margin can be included in either NTA,common, or NTA,UE-specific, or NTA. Then, compared with including TA margin in common TA in option 3, explicit indication of TA margin in option 2 could not provide additional benefits, but only consumes additional signalling and non-zero NTA,old for TA in RAR.
[image: ]
[bookmark: _Ref83363566]Figure 13 Analysis of TA margin for option 2 and option 3

Observation 7: Option 2 (Explicit indication of TA margin) and Option 3 (Including TA margin in Common TA) can both solve over pre-compensation issue. However, option 3 has less spec. impacts.

Proposal 7: In NTN, to avoid that the UE over pre-compensates its TA during PRACH procedure, TA margin can be considered and it is included within the Common TA (i.e., Option 3 is preferred).

6. Discussion on the 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. 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, TA margin 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. 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 14 TA update in RRC_CONNECTED state
As shown in Figure 14, 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, closed-loop TA value NTA is updated based on the old open-loop TA values, which will cause a large TA error.

Observation 8: 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 14(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. 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 15 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.
· 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. 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. Discussion on the reference time of Common TA parameters
In RAN1#106-e meeting, there was an agreement defined 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. 
7.1. Definition of reference time of common TA parameters
In order to estimate common TA accurately based on outdated broadcasting common TA parameters, the reference time of broadcasted common TA parameters from gNB should be known by the UE. However, due to following impairments or potential configurations, there may be some ambiguities between gNB and UE on the reference time of common TA parameters.
(1) Multiple SIBs with same common TA parameters
Validity duration could be defined for common TA to reduce the complexity and power consumption at the UE side. However, in order to facilitate the fast initial access for all potential UEs in the coverage, the periodicity of SIB (which includes common TA parameters) could be same with terrestrial 5G NR as discussed in Section 4. This indicates common TA parameters could be broadcasted at the gNB more frequently than being acquired at the UE side as shown in Figure 9. 
Due to the frequency broadcasting of SIBs, there would be a cast that there is no update on common TA parameters at multiple SIB times as shown in Figure 16. 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.
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[bookmark: _Ref83891935]Figure 16 Illustration of multiple SIBs with same common TA parameters
(2) Propagation delay in feeder link
Secondly, due to 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 17 (b). 
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(a) Propagation delay of common TA
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(b) Estimated TA error caused by unknown propagation delay at feeder link
[bookmark: _Ref83371274]Figure 17 Illustration of reference time for common TA parameters

Due to above reasons, we have following observations and proposal.
Observation 9: The reference time of common TA parameters in SIB may be different from the transmitting time at gNB or receiving time at UE side.

Observation 10: To avoid ambiguity at UE side, the reference time of broadcasted common TA parameters should be defined.

Proposal 12: Reference time of common TA parameters should be known by UE.

7.2. Determination method of reference time of common TA parameters
Since reference time of common TA parameters is needed to avoid ambiguity at UE side, the problem becomes how to determine it. Two options can be considered.
· Option 1: The reference time of common TA parameters is predefined in spec., which is related to the SIB transmitting time at the satellite and/or the reference time of satellite ephemeris data Epoch time.
· Option 2: The reference time of common TA parameters is indicated to UE.
Regarding Option 1, if the reference time of common TA parameters is defined as the SIB transmitting time at the satellite, UE can know it by the SIB timing predefined in spec. If the reference time of common TA parameters is defined as the transmitting time at the gNB side and common TA parameters are broadcasted together with satellite ephemeris data, UE can know it by the reference time of satellite ephemeris data Epoch time. Therefore, with the predefined rules in spec., the reference time of common TA parameters can be estimated at the UE side. However, as analysed above, there are many limitations on the reference time of common TA parameters, which could make the system less flexible and poor performance.
Regarding Option 2, the relationship between the reference time of common TA parameters and satellite ephemeris data Epoch time is not fixed. On the one hand, this can increase the flexibility on the configurations of multiple parameters, e.g., relationship between satellite ephemeris data and common TA parameters. On the other hand, better performance can be expected by flexible configuration of reference time for common TA parameters. As shown in Figure 18, the selection of different reference time from a validity duration can lead to different TA error.  Therefore, explicit indication of the reference time of common TA parameter to UE should be considered.
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[bookmark: _Ref83369276]Figure 18 Evaluation results of reference time on timing error for common TA

Proposal 13: The reference time of common TA parameters should be indicated to UE.
· Note: The reference time can be the starting time of a DL slot and/or frame.
· FFS: The relationship between the reference time of common TA parameters and satellite ephemeris data Epoch time.

8. Discussion on 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.



Regarding the DL frequency compensation for the service link, considering the earth-fixed cell, the following three possible way-forwards have been made and discussed in previous meeting.
	WF1: Similar to Earth moving cell, the amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 
Note: In this case , the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters every 2.3 seconds. Which make this is WF questionable. 
WF 2:  Indicate the beam-specific ECEF co-ordinates of a fixed Reference Point w.r.t the common Doppler shift experienced on the DL service link is pre-compensated by the gNB. 
Note: The UE will assume that the pre-compensation changes continuously with time. Thereby,  the gNB DL frequency needs to be periodically updated so that the deviation between the UE self-calculated DL pre-compensation (based on indicated beam-specific ECEF co-ordinates and Satellite ephemeris) and actual pre-compensation remains within a defined threshold e.g. 10% of 0.1PPM.
WF3: deprioritize support of DL frequency compensation for the service link Doppler in Release 17.



From our point of view, in WF3, 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., WF3, 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 WF3.

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 WF3 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, WF1 and WF2 can be considered. For WF2, since it is difficult for gNB to control the deviation between the UE self-calculated DL pre-compensation and actual pre-compensation, WF2 is not preferred. For WF1, 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, WF1 won’t cause significant complexity increase at UE, so that WF1 could also be supported.

Proposal 14: Support either WF1 with condition that the determined time scale for acquiring TA parameters in SIB is comparable with that for acquiring frequency offset parameters in SIB, or WF3.
9. Conclusion
In this contribution, we discussed the UL time synchronization issues in NR NTN, including common TA parameters, granularity and signaling for common TA parameters, validity duration for UE acquiring new common TA parameters, TA update in RRC_CONNECTED state and reference time for common TA. Based on the discussion we made following observations. 
Observation 1: Taking the timing error requirements of CP length/4 as example, the requirements of common TA for both SCS 15kHz and 120kHz can be satisfied in the following two cases:
· Case 1: Set 1 (i.e., Common TA and common TA drift rate) are broadcasted and UE acquires the new broadcasting parameters every 0.5sec.
· Case 2: Set 2 (i.e., Common TA, common TA drift rate and common TA drift variation rate) are broadcasted and UE acquires the new broadcasting parameters every 4sec.
Observation 2: Under given requirement of maximum TA error, there is a tradeoff between the broadcast parameters and validity duration parameter ‘valid_duration’.
· Note: Validity duration indicates the time period during which the common TA parameters are valid and accurate TA satisfying TA error requirement can be obtained at the UE side. UE should not re-acquire or can skip re-acquiring new common TA parameters in a validity duration after an acquirement timing.
Observation 3: In the case with small valid_duration, e.g., 0.5sec,
· For common TA parameters, the same granularity as in 5G NR, i.e., option 1 with , is enough. 
· For common TA drift rate, higher granularity can reduce TA error but the gain is limited.
· For common TA drift variation rate, the gain is limited even with the highest granularity of option 3 (i.e., ).
Observation 4: In the case with large valid_duration, e.g., 4sec, common TA parameters with following granularity should be considered to satisfy the error requirement.
· Common TA: The same granularity as in 5G NR, i.e., option 1 with 
· Common TA drift rate: Higher granularity, e.g., option 2 with .
· Common TA drift variation rate: Highest granularity, e.g., option 3 with .
Observation 5: Non-uniform validity duration can reduce the TA error, which could be different from the validity duration for satellite ephemeris data for UE-specific TA estimation. Validity duration for common TA parameters can be updated after RRC connection was established.
Observation 6: Option 1 (PRACH transmission is delayed by min(CP/2, GP/2)) is equivalent with setting a fixed TA margin, which is much larger than the timing requirements. This fixed and large TA margin would affect the budget of other error sources.
Observation 7: Option 2 (Explicit indication of TA margin) and Option 3 (Including TA margin in Common TA) can both solve over pre-compensation issue. However, option 3 has less spec. impacts.
Observation 8: Independent closed-loop and open-loop TA control may cause large timing error.
Observation 9: The reference time of common TA parameters in SIB may be different from the transmitting time at gNB or receiving time at UE side.
Observation 10: To avoid ambiguity at UE side, the reference time of broadcasted common TA parameters should be defined.

Based on the discussion we made following proposals.
Proposal 1: Confirm the working assumption that 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.

Proposal 2: Following common TA parameters can be indicated by the network:
· Common TA
· Common TA drift rate
· FFS: Higher order derivatives of common TA
Proposal 3: For small valid_duration less than 1 second, the granularity of Common TA parameters is set to the same as the granularity of NTA, . 
· Common TA: 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate: 7bits payload for SCS 15kHz, 10bits payload for SCS 120kHz
Proposal 4: For valid_duration larger than 1 second, different granularities can be used for multiple common TA parameters.
· Common TA with granularity : 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate with granularity : 9bits payload for SCS 15kHz, 12bits payload for SCS 120kHz
· Common TA drift variation rate with granularity : 5bits payload for SCS 15kHz, 8bits payload for SCS 120kHz
Proposal 5: Common TA parameters can be broadcasted in broadcasting information, e.g., SIB.
Proposal 6: For common TA parameters, a validity duration separate from that for satellite ephemeris data can be indicated to UE, during which UE assumes common TA parameters are valid.
Proposal 7: In NTN, to avoid that the UE over pre-compensates its TA during PRACH procedure, TA margin can be considered and it is included within the Common TA (i.e., Option 3 is preferred).
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.
· 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: Reference time of common TA parameters should be known by UE.
Proposal 13: The reference time of common TA parameters should be indicated to UE.
· Note: The reference time can be the starting time of a DL slot and/or frame.
· FFS: The relationship between the reference time of common TA parameters and satellite ephemeris data Epoch time.
Proposal 14: Support either WF1 with condition that the determined time scale for acquiring TA parameters in SIB is comparable with that for acquiring frequency offset parameters in SIB, or WF3.
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