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1. [bookmark: _Ref18181]Introduction
In RAN2#113b-e [1], the LS on TA pre-compensation has been proposed by RAN2 as follows:
1) RAN2 respectfully requests RAN1 to prioritize the TA pre-compensation work on: (i) whether and/or what parameters to broadcast for TA pre-compensation, and (ii) when broadcasted, how often the broadcasted parameters are expected to change over time. 	
2) RAN2 respectfully requests RAN1 to provide input on: (i) how UE determines UE-gNB RTT, and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.
3) RAN2 respectfully requests RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE specific TA pre-compensation at least for uplink scheduling adaptation.
In this contribution, the details for each question are elaborated. 
1. Parameter broadcast for TA pre-compensation
W.r.t the first question from RAN2’s questions on followings:
(1) Whether and/or what parameters to broadcast for TA pre-compensation;
(2) When broadcasted, how often the broadcasted parameters are expected to change over time,
According to the RAN1’s assumption to enable the pre-compensation mechanism, the UE should be at least enabled to:
1. Obtaining the service link delay according to calculation based on its GNSS capability and ephemeris of satellite. 
2. Obtaining the common TA information, which may cover the impacts of feederlink.
For achieving the each of functionality, the required information should be indicated from network. More specifically:
· For the satellite information indication, according to RAN1’s progress in RAN1#104b-e[2], following agreement has been achieved:
Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported
W.r.t the potential down-selection between these two sets, as highlighted in our contribution [3], it can be found that at least the indication of set-1 should be supported to enable the required functionality. For the frequency of indication of this information, to enable the high accurate TA estimation and frequency at UE side, corresponding value should be determined up to the requirements defined in RAN4. Based on the latest progress, the relevant agreement on TA is not yet decided. But according to our contribution, the updates on the indication of set-1 to enabling the pre-compensation should be indicated per tens of seconds, e.g., the upper bound of periodicity should be less than 60s or 30s based on the defined TA error range from RAN4 (e.g., CP/2 and Te), respectively.
· For the TA information, according to RAN1’s progress in RAN1#104b-e[2], following agreement has been achieved:
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.
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[bookmark: _Ref71287759]Figure 1 Performance evaluation of first order approximation for LEO-600 with 1 s indication period
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[bookmark: _Ref71287767]Figure 2 Performance evaluation of first order approximation for LEO-600 with 0.5 s indication period
It can be found that the indication of common TA value is already supported. However, in LEO cases, the variation of propagation timing for feeder link will lead to time-variant common TA and the common TA drift rate can be up to 45.4 us/s for GW at 10 degree elevation angle. In this case, according to analysis in [3], additional information, e.g., TA drift rate should be also indicated to enable the UE to handle this time-variant behaviour. Furthermore, if only first order drift rate is indicated, the performance evaluations of autonomous common TA estimation by UE for LEO-600 are shown in Figure 1 and Figure 2. It can be observed that if the tolerance range of TA error is CP/2, the parameters for common TA should be indicated per 1 s and it will be much shorter (i.e., 0.5s) once the error bound is set as Te. 
When both first and second order drift rates are indicated, the performance evaluations of autonomous common TA estimation by UE for LEO-600 are improved as shown in Figure 3 and Figure 4. In this case, the required periodicity for indication will be 6 s and 4 s for the case with tolerance range as CP/2 and Te, respectively. Therefore, it is preferred that first and second order common TA drift are broadcast along with common TA with a period of 4 s. Moreover, as other options, similar performance can be achieved if multiple sets of common TA with drift rate are indicated by assuming different applicable time instant or valid time.
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[bookmark: _Ref71287774]Figure 3 Performance evaluation of second order approximation for LEO-600 with 6 s indication period
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[bookmark: _Ref71287781]Figure 4 Performance evaluation of second order approximation for LEO-600 with 4 s indication period
Moreover, to ensure the accuracy for UE’s implementation on the pre-compensation, along with the aforementioned value for indication, corresponding valid time duration should also be delivered to UE. Otherwise, errors will occur once the unmatched information is used. From above results, it can be observed that the broadcast period can be longer with indication of higher order drift rates due to nonlinearity of common TA variation with high predictability. In this situation, as other options, similar performance can be achieved if multiple sets of common TA with drift rate are indicated by assuming different applicable time instant or valid time and further enlarged periodicity can be ensured by even with higher order.
Then, w.r.t the 1st question from RAN2’s LS, from RAN1’s perspective, the ephemeris (at least in PV format) and common TA including drifts should be indicated to UE along with corresponding valid time for each parameters. And the exemplified periodicity can be:
· Ephemeris data broadcast with a the upper bound of periodicity less than 60s or 30s based on the defined TA error range from RAN4 (e.g., CP/2 and Te), respectively
· Common TA broadcast with a lower bound of periodicity as 4 s with either one of following conditions for single indication:
· Both first and second order common TA drift rates are broadcast along with common TA
· Multiple sets of common TA with drift rate by different applicable time instant or valid time are indicated together to further enlarge the periodicity
Proposal 1: Capturing following information in the reply LS to RAN2 w.r.t Q1:
From RAN1’s perspective, the ephemeris (at least in PV format) and common TA including drift rates should be indicated to UE along with corresponding valid time for each parameters. And the exemplified periodicity can be:
· Ephemeris data broadcast with a the upper bound of periodicity less than 60s or 30s based on the defined TA error range from RAN4 (e.g., CP/2 and Te), respectively
· Common TA broadcast with a lower bound of periodicity as 4 s with either one of following conditions for single indication:
· Both first and second order common TA drift rates are broadcast along with common TA
· Multiple sets of common TA with drift rate by different applicable time instant or valid time are indicated together to further enlarge the periodicity
1. Determination of UE-gNB RTT
W.r.t the second question from RAN2 on how UE determines UE-gNB RTT and if there is any additional parameter other than that for TA pre-compensation to broadcast, from RAN1’s prospective, such mechanism is not yet processed. 
However, as described in RAN2 LS [1], UE-gNB RTT is mainly used as the offset to start one UP timer (drx-HARQ-RTT-TimerDL for the HARQ processes with HARQ feedback enabled), with same purpose to handle the impact of large propagation delay on timing relationship, the agreed parameter as K_offset (e.g., UE specific) can be considered as the reference for UE to derive corresponding UE-gNB RTT. For ensuring normal scheduling (e.g., UL transmission), the value of K_offset will not be smaller than UE-gNB RTT. Moreover, with indication of common TA value and UE-specific calculated TA for service link, the corresponding RTT value can also be derived. But, as the network controlled value, for addressing other purpose (e.g., handling the over-estimation issue for pre-compensation), adjustment on the value can also be considered.
Then, w.r.t the 2nd question from RAN2’s LS, from RAN1’s perspective, both the indicated UE-specific K_offset value and derived TA based on indicated common TA information and calculated TA for service can be considered by the UE to determine the UE-gNB RTT. 
Proposal 2: Capturing following information in the reply LS to RAN2 w.r.t Q2:
From RAN1’s perspective, the following information can be considered as reference for UE to determine the UE-gNB RTT information:
· Pre-compensated TA including common TA and UE-specific TA for service link
· UE-specific K_offset
1. Details of TA report
W.r.t the 3rd question from RAN2 on the content and frequency of UE reporting of UE specific TA pre-compensation value, it should be noticed that following agreement has been made in RAN2 at RAN2#113b-e, although the 2nd bullet is pending according to the discussion in post meeting email discussion as [Post113bis-e][103][NTN].
Agreements:
1. At least for uplink scheduling adaptations, the UE may report information about the UE specific TA pre-compensation. The exact information and frequency of reports depend on RAN1 outcome. FFS on when/how to report.
2. The UE reports the UE specific TA pre-compensation during RACH procedure using MAC CE (FFS if this needs to be configured). Actual content is FFS and also depends on further RAN1 input.
From RAN1’s perspective, as highlighted in our contribution [4], for enabling the proper scheduling for UL, the report of UE-specific calculated TA should be supported. More specifically, w.r.t to how to report corresponding value, at least following approaches can be considered:
· TA report via Msg-A: With usage of 2-step RACH, the TA report can be conducted by Msg-A to enable the proper scheduling for early scheduling. 
· TA report via periodical PUSCH: With consideration on the movement of satellite, the required updates on the pre-compensated TA will have impacts on the consecutive UL scheduling in the connection mode. In this way, for saving the signaling overhead and reducing the complexity, the periodical report of such value is preferred. 
Then, w.r.t the 3rd question from RAN2’s LS, from RAN1’s perspective, at least the full TA value which will be applied for the UL transmission should be reported by UE with via Msg-A and periodical PUSCH in CG.
Proposal 3: Capturing following information in the reply LS to RAN2 w.r.t Q3:
From RAN1’s perspective, the full TA value, which will be applied for UL transmission should be reported by UE via following two approaches:
· Msg-A in two-step RACH
· Periodically PUSCH
1. Conclusions
In this contribution, the questions in RAN2 LS are analyzed with following proposals:
Proposal 1: Capturing following information in the reply LS to RAN2 w.r.t Q1:
From RAN1’s perspective, the ephemeris (at least in PV format) and common TA including drift rates should be indicated to UE along with corresponding valid time for each parameters. And the exemplified periodicity can be:
· Ephemeris data broadcast with a the upper bound of periodicity less than 60s or 30s based on the defined TA error range from RAN4 (e.g., CP/2 and Te), respectively
· Common TA broadcast with a lower bound of periodicity as 4 s with either one of following conditions for single indication:
· Both first and second order common TA drift rates are broadcast along with common TA
· Multiple sets of common TA with drift rate by different applicable time instant or valid time are indicated together to further enlarge the periodicity
[bookmark: _GoBack]Proposal 2: Capturing following information in the reply LS to RAN2 w.r.t Q2:
From RAN1’s perspective, the following information can be considered as reference for UE to determine the UE-gNB RTT information:
· Pre-compensated TA including common TA and UE-specific TA for service link
· UE-specific K_offset
Proposal 3: Capturing following information in the reply LS to RAN2 w.r.t Q3:
From RAN1’s perspective, the full TA value, which will be applied for UL transmission should be reported by UE via following two approaches:
· Msg-A in two-step RACH
· Periodically PUSCH
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comparison between actual TA and applied TA with indication period of 0.5 s
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comparison between actual TA and applied TA with indication period of 6
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comparison between actual TA and applied TA with indication period of 4 s
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comparison between actual TA and applied TA with indication period of 15
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