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[bookmark: _Hlk521259925]In RAN1#106b-e meeting, agreements were achieved on enhancements on UL time and frequency synchronization for NTN [1]:
	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:
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.

Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information

Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 

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
Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range

Conclusion:
Do not define a TA margin.

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 byte 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

[bookmark: _Hlk85713696]R1-2110604	LS on Combination of open and closed loop TA control in NTN	RAN1, Thales



In this contribution, we will discuss UL time and frequency synchronization related aspects for NTN.
Discussion
Issue#1: Indication of Common TA drift parameters 
In RAN1#106b-e meeting, there was a discussion on which Common TA parameters are to be mandatorily indicated [2]. 
[bookmark: _Ref18781]Table 1. Maximum residual error of common TA autonomously predicted by UE based on common TA and drift rates generated by least square fitting (ZTE, [3]).
	Indication period
	3 s
	5 s
	10 s
	15 s
	20 s
	30 s

	Indicate only first order drift rate
	0.4342 us
	1.2068 us
	4.8162 us
	10.7819 us
	19.0289 us
	41.9450 us

	Indicate first and second order drift rates
	0.0013 us
	0.0062 us
	0.0498 us
	0.1679 us
	0.3914 us
	1.3378 us

	Indicate first, second, and third order drift rates 
	0.0001 us
	0.0001 us
	0.0015 us
	0.0072 us
	0.0219 us
	0.0984 us


According to the contributions in the last RAN1 meeting (e.g., R1-2109844, etc.), when the reference point is not satellite, at least the first and second order drift rates need to be mandatorily indicated to ensure the validity duration is long enough, i.e., Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.
Proposal 1: When the reference point is not satellite, Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.
[bookmark: _Toc85829319]Issue#2: Granularity and signalling of Common TA parameters
In RAN1#106b-e meeting, there was a discussion on signaling of Common TA parameters. Moderator suggested for more discussion on the following questions in this RAN1 meeting [2].
	FL Recommendation:
For the next RAN1 meeting, Companies are encouraged to provide inputs regarding:
· Value range and Default value for:
· TACommon
· TACommonDrift
· TACommonDriftVariation
· Other signaling details: Apart from indication on SIB, Do Common TA related parameters need to be indicated via dedicated signaling? .e.g. when the UE is not configured with a Common Search space within the active BWP 


Regarding Q1: Value range and Default value for TACommon, TACommonDrift, and/or TACommonDriftVariation, note that the feeder link error consists of curve-fitting error and quantization error, i.e.,

Thus, both curve-fitting error () and quantization error () need to be jointly considered when determining the maximum feeder link error as well as the validity duration of Common TA parameters.
To easy the design, the same/similar error magnitude (i.e., the maximum error level) for both curve-fitting error () and quantization error () can be considered.
Observation 1: The feeder link error consists of curve-fitting error and quantization error.
Proposal 2: When design the granularity and value range of Common TA related parameters, the same/similar error magnitude for both curve-fitting error and quantization error can be considered.

Regarding Q2: whether Common TA related parameters need to be indicated via dedicated signaling, it depends on whether SIB can be successfully detected by UE. In our view, there are some reasons for UE fails to detect SIB in RRC_CONNECTED state, 
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time. The related UE behavior is described as following.
	[TS 38.214, Clause 5.1]
On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to clause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI.
The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition.


To ensure SIB is correctly decoded by UE, apart from indication on SIB, Common TA related parameters indication via dedicated signaling can be supported.
Observation 2: There are some reasons for UE cannot detect SIB in RRC_CONNECTED state, 
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.
Proposal 3: Apart from indication on SIB, support Common TA related parameters indication via dedicated signaling.
[bookmark: _Toc85829323]Issue#3: The reference time of common TA parameters
In RAN1#106b-e meeting, agreements were achieved on the reference time of common TA parameters [1]:
	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.


Two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
Observation 3: Two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).

If Approach 1 (The update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, three options were proposed in the last meeting to implicitly determine the reference time of Common TA Epoch time:
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.
· Option 2: The serving satellite epoch time is implicitly known as a reference time set to be the Nth slot after start of SI window of SI message carrying the assistance information.
· Option 3: The epoch time is set to be boundary of last DL slot carrying the SIB.
Note that SIB1 may be used to convey the assistance information. If SIB1 is used to convey the assistance information, Option 2 and Option 3 cannot work properly, i.e.,
· For Option 2, SI window is not defined for SIB1.
· For Option 3, it is hard for a UE to determine the boundary of the first or the last transmission repetition of SIB1.
[bookmark: _GoBack]Hence, if Approach 1 is adopted, Option 1 is preferred since among the three options, only Option 3 is feasible if SIB1 is used to convey the assistance information.
Proposal 4: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, support Option 1, i.e.,
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.

On the other hand, if Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, UE expects the assistance information keep valid within the current SI modification period. We can say that the serving satellite epoch time is implicitly known as the start boundary of the current SI modification period. Nevertheless, there seems no need to explicitly specify the epoch time as well as the validity duration for the assistance information, since the indicated value in SIB is naturally valid within the current SI modification period. The drawback of Approach 2 seems as too frequent update of SI.
It is up to RAN2 to determine which approach is adopted for updating the assistance information.
Proposal 5: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, no spec impact is expected. In this case, UE expects the assistance information keep valid within the current SI modification period.
Proposal 6: It is up to RAN2 to determine which approach is adopted for updating the assistance information.
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).

In RAN1#106b-e meeting, Moderator suggested for further discussion on the reference point for epoch time of the Common TA parameters [2].
	FL recommendation:
For the next RAN1’s meeting: Companies are encouraged to provide views/inputs on:
· the reference point for epoch time of the Common TA parameters 
· whether it is satellite or the NTN-GW


In our view, the reference point for epoch time of the Common TA related parameters should be at satellite.


Figure 2: Timing relationship in NTN.
As shown in Figure 2, Common TA related parameters is used to indication the RTT between Satellite and RP (reference point). If the reference point for epoch time of the Common TA related parameters is located at NTN-GW, the UE is hard to estimate how long the RTT between Satellite and RP is.
Proposal 7: The reference point for epoch time of the Common TA related parameters is at satellite.
[bookmark: _Toc85829327]Issue#4: The need and the indication of TA margin
In RAN1#106b-e meeting, conclusions were made for TA margin [1]:
	Conclusion:
Do not define a TA margin.


Moderator suggested for more discussion on the following questions in this RAN1 meeting [2].
	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.


Note that there were only agreements that  with value of 0 is supported. It has not been agreed that  must be set to 0 in certain scenarios [4]. In our view, whether set  to 0, or which component is included in , are up to network implementation.
	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. 


Therefore, Option 2 is preferred. In this case, no addition spec impact as well as signaling overhead is expected.
Observation 4: Whether set  to 0, or which component is included in , are up to network implementation.
Proposal 8: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, support Option 2, i.e.,  may include a timing offset (.e.g. = + Te_NTN ). No addition spec impact is expected with this solution.
Issue#5: TA update in RRC_CONNECTED state
[bookmark: _Toc85829332]Issue#5-1: NTA update/accumulation
In RAN1#106b-e meeting, Moderator suggested for more discussion on the following proposal in this RAN1 meeting [2].
	FL Recommendation: 
In light of the conclusion made on issue#4 and by considering the remaining issue discussed in section 4.3, Companies are encouraged to further discuss/comment the following proposal in RAN1#107e:
Initial proposal 5-1: 
When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
  and   = 0
 


As discussed in Issue #4, the issue of UE over pre-compensates its TA during RACH procedure can be tackled up to network implementation, e.g., configure  to include a timing offset (.e.g. = + Te_NTN ).
In this case,  = 0 should be supported. Furthermore,  can be removed since it is always 0.
Proposal 9: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
·  and  = 0
· or, 
where, is the TAC field in msg2/msgB.
[bookmark: _Toc85829336]Issue#5-2: Combination of open and closed loop TA control
In RAN1#106b-e meeting, Moderator suggested for more discussion in this RAN1 meeting on solutions to avoid the TA jump caused by double correction for combination of open and closed loop TA control [2].
In our view, in order to avoid the TA jump caused by double correction, two solutions can be considered.
· Solution 1: based on gradual timing adjustment. A big TA error caused by open loop calculation (e.g.,  and/or ) can be gradually adjusted with a minor step within a long duration. In this case, the residual timing error experienced in the gNB side can be tracked by closed loop TA control mechanism. Minimum spec impact in RAN1 can be expected. Nevertheless, additional signaling overhead for closed loop TA adjustment is expected after open loop TA adjustment.
· Solution 2: Update  to absorb the big TA error caused by open loop calculation (e.g.,  and/or ). For instance, . In this case, the total TA would keep the same in the open loop TA update procedure, i.e., , where, , . The spec impact is unclear, i.e., whether it is needed to specify the additional  update formula based on UE’s inner procedure for open loop TA update, or how to specify it needs more study.
The potential benefits and drawbacks/constraints of the above two solutions are summarized as following. We are open for the both approaches.
Table 2. Comparison of two solutions for combination of open and closed loop TA control.
	
	Benefits
	Drawbacks

	Solution 1: based on gradual timing adjustment.
	· Minimum spec impact in RAN1
	· Additional signaling overhead for closed loop TA adjustment after open loop TA adjustment.

	Solution 2: Update  to absorb the big TA error caused by open loop calculation
	· Without additional signaling overhead for closed loop TA adjustment
	· Spec impact is unclear


Proposal 10: To avoid the TA jump caused by double correction, one of the following solutions is supported.
· Solution 1: based on gradual timing adjustment. A big TA error caused by open loop calculation can be gradually adjusted with a minor step within a long duration.
· Solution 2: Update  to absorb the big TA error caused by open loop calculation, e.g.,

Observation 5: To avoid the TA jump caused by double correction, if Solution 1 (based on gradual timing adjustment) is supported, minimum spec impact in RAN1 can be expected. Nevertheless, additional signaling overhead for closed loop TA adjustment is expected after open loop TA adjustment.
Proposal 11: To avoid the TA jump caused by double correction, if Solution 2 (Update N_TA to absorb the big TA error caused by open loop calculation) is supported, further study:
· Whether it is needed to specify the additional  update formula based on UE’s inner procedure for open loop TA update.
· How to specify it, if needed.
[bookmark: _Toc85829340]Issue#5-3: UE-specific and Common TA determination
In RAN1#106b-e meeting, Moderator suggested for more discussion on UE-specific and Common TA determination in this RAN1 meeting [2].
	FL Recommendation: 
For RAN1#107-e, companies are encouraged:
· to further comment the following proposal 
· and provide inputs on how the UE calculates/updates the NTA,common

Updated Proposal 5-3 (rev 2):
-        is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. How the UE calculates/updates NTA, UE-specific is left to UE implementation.
-        NTA,common is updated autonomously by the UE based on the Common TA parameters indicated by the Network 
  FFS: How the UE calculates/updates the NTA,common


[image: ]
Figure 3: Signal timing relationships for NTN.
As illustrated by Ericsson [5], to accurately calculate the service link delay and common TA, it is necessary to take into account that the UL and DL signals are offset in time and therefore subject to different service link delays and feeder link delay.
Taking a UL grant based UL transmission as an example.
From a gNB perspective, it sends a UL grant DCI at time , and it expects to receive the corresponding UL transmission at time , where, .
From a UE perspective, it receives the UL grant DCI at time . It needs to determine when (as shown as  in Figure 3) to send the corresponding UL transmission.
On one hand, let us consider the physical signal transmission procedure, it requires that:


Thus, 

On the other hand, let us consider the UE behaviour in spec, i.e.,

Based on the above two equations, it can be concluded that,

where, the first part  is derived from  indication, while the second part  is related to UE specific TA ().
Based on the above discussion, 
· Regarding the formula to be used for UE-specific TA (), the following formula proposed by Ericsson and Moderator is proposed.

· Regarding the formula to be used for Common TA (), the following formula is proposed, where both  and  are derived from the common TA parameters, such as Common delay, Common delay drift rate, [High-order derivative of Common Delay drift]

Regarding UE specific TA () calculation, it is based on UE position and the serving satellite ephemeris. Note that propagation model for satellite ephemeris used at UE side is up to implementation, thus, how to calculates/updates UE specific TA () can be left to UE implementation.
Regarding Common TA () calculation, note that the calculate/update formula is much more complex than the existing formulas in current spec, it is preferred to not specify detailed formula, and leave the calculation up to implementation.
Proposal 12: How the UE calculates/updates  is left to UE implementation.
Proposal 13: How the UE calculates/updates  is left to UE implementation.
[bookmark: _Toc85829344]Issue#6: NTN UE Time Alignment Timers
In RAN1#106b-e meeting, agreements were achieved on NTN UE Time Alignment Timers [1]:
	W.r.t NTN uplink sync Validity duration interpretation, and the associated UE behavior:
Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information

W.r.t Validity timer start/restart:
Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

W.r.t Validity timer(s) for ephemeris / Common TA:
Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 


Moderator suggested for more discussion on the following questions in this RAN1 meeting [2].
	FL Recommendation: 
For RAN1#107-e, Companies are encouraged:
· W.r.t NTN uplink sync Validity duration associated UE behavior:
-  Provide inputs regarding the remaining FFS: details on how to acquire new or additional assistance information
· W.r.t indication of the validity duration: 
- Comment/provide inputs on Updated Proposal 6-4 (rev 1):
· FFS: Whether it is defined per cell or per BWP
· FFS: whether to provide the Validity duration/timer using dedicated signalling when UE is RRC connected, e.g. if UE is not configured with common search space.
· FFS: Its unit, value range and default value:


On the FFS: “FFS: details on how to acquire new or additional assistance information”
As discussed in Issue#3, two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
If Approach 1 is supported, UE may acquire new or additional assistance information before the associated validity expired during a process of P-RNTI triggered SI acquisition and/or during a process of autonomous SI acquisition.
In additional, if it fails to acquire new or additional assistance information via SI when the associated validity is to be expired due to the following reasons:
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.
The UE may send a signaling to gNB to request for a quick response of indication of new or additional assistance information via dedicated signaling.
Proposal 14: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, UE may acquire new or additional assistance information before the associated validity expired during a process of P-RNTI triggered SI acquisition and/or during a process of autonomous SI acquisition.
Proposal 15: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, UE may send a signaling to gNB to request for a quick response of indication of new or additional assistance information via dedicated signaling, if it fails to acquire new or additional assistance information via SI when the associated validity is to be expired due to the following reasons:
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.

Nevertheless, if Approach 2 is supported, UE may acquire new or additional assistance information in the next SI modification period during a process of P-RNTI triggered SI acquisition. No additional spec impact is expected.
Proposal 16: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, UE may acquire new or additional assistance information in the next SI modification period during a process of P-RNTI triggered SI acquisition. No additional spec impact is expected.

On the FFS: “FFS: Whether it is defined per cell or per BWP”.
The validity duration for both serving satellite ephemeris and common TA related parameters can be defined per cell. UEs in different satellite beams may observe the same satellite position and the same feed link propagation, thus, there is no need to support per BWP configuration.
Proposal 17: The validity duration for both serving satellite ephemeris and common TA related parameters can be defined per cell.

On the FFS: “FFS: Its unit and value range”.
The unit and value range for the validity duration for both serving satellite ephemeris and common TA related parameters depends on which approach is to be adopted.
If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, explicitly indication of the validity duration seems to be needed. The unit can be coarse, e.g., second or SIB period. The range can be selected based on the maximum validity duration length, e.g., 10~30 s.
Proposal 18: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, for indication of the validity duration,
· The unit can be coarse, e.g., second or SIB period. 
· The range can be selected based on the maximum validity duration length, e.g., 10~30 s.

Nevertheless, if Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is supported, there is no need to explicitly or implicitly indicate the validity duration. In fact, UE expects the assistance information keep valid within the current SI modification period.
Proposal 19: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is supported, there is no need to indicate the validity duration. In fact, UE expects the assistance information keep valid within the current SI modification period.
Issue#7: Broadcasting the position of a reference point
In RAN1#105-e meeting, there was a discussion on broadcasting the position of a reference point, and it was concluded to send an LS to SA to get more inputs regarding the security /regulatory aspects if the NTN GW position is broadcast [6].
	Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.

R1-2106305	LS on broadcast of NTN GW or gNB position
Final LS endorsed in R1-2106332 with removal of the sentence, “Such assistance information from the Network might also be used by the UE to derive the position of the NTN GW or the position of gNB.”


In our view, broadcast of a reference point would be definitely beneficial for UE to handle the time and frequency synchronization compensation on the feeder link. E.g., if the position of the GW is signaled to the UE, the UE can autonomously determine the time offset of both the service link (i.e., satellite-to-UE RTT) and the feeder link (i.e., satellite-to-GW RTT), which would simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 6: Broadcasting the position of a reference point of the feeder link (GW or gNB position) is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .

Note that anyway the position of the NTN GW or the position of gNB can be derived by the UE with the assistance information broadcasted by the network, such as satellite ephemeris and , via inverse engineering, thus, the concern related to disclosing the network architecture seems not a big issue.
Whether broadcasting the position of a reference point of the feeder link (GW or gNB position) would be at the discretion of the network operator.
Furthermore, the position of a reference point of the feeder link may be broadcasted with certain artificial bias to address the security issue.
Note that when TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as follows.

where , and  is an integer between 0 and 3846. The maximum TA values for different numerology are illustrated in Table 3.
Table 3: Maximum TA value when .
	Subcarrier spacing
	15 kHz
µ= 0
	30 kHz
µ= 1
	60 kHz
µ= 2
	120 kHz
µ= 3
	240 kHz
µ= 4
	480 kHz
µ= 5

	Maximum timing advance ( = 3846) (ms)
	0.67
	0.335
	0.1675
	0.0838
	0.0419
	0.0209

	Maximum timing advance ( = 3846) (km)
	300 
	150
	75 
	37.5 
	18.75 
	9.38 



It can be concluded that for TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy (<= 9.38km) is feasible. Thus, security may be not a big issue if the broadcasted position of the reference point position is with artificial bias.
Observation 7: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 8: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 20: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.
[bookmark: _Toc85829351]Issue#8: Indication of common frequency pre-compensation offset on DL service link
In RAN1#106b-e meeting, Moderator suggested for more discussion on common frequency pre-compensation in this RAN1 meeting [2].
	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


Option 1 is preferred considering the potential signaling overhead identified by some companies and the limit time in Rel-17.
Proposal 21: Deprioritize support of Common DL frequency compensation for the service link Doppler shift.
[bookmark: _Toc85829362]Issue#10: Serving satellite ephemeris format bit allocations
In RAN1#106b-e meeting, working assumption was made on the serving satellite ephemeris format bit allocations [1].
We prefer to confirm the working assumption.
Proposal 22: Confirm the working assumption on serving satellite ephemeris format bit allocations.

On the FFS: “FFS: Additional enhancement to optimize the signalling overhead”.
In order to optimize the signaling overhead, different value ranges can be considered for different scenarios. In fact, a scenario indication can be broadcasted by the network, and it can be used for determining the value range and bit allocation for the following parameters, such as, cell-specific K_offset, Common TA parameters, satellite ephemeris, etc.
Proposal 23: To serving satellite ephemeris format indication, different value range and bit allocation can be considered for different scenarios.
Proposal 24: A scenario indication can be broadcasted by the network, and it can be used for determining the value range and bit allocation for the following parameters
· Cell specific K_offset
· Common TA parameters
· satellite ephemeris

On the FFS: “FFS: Ephemeris format bit allocations for HAPS”.
Only position and velocity state vector ephemeris format needs to be defined for HAPS and ATG. The same ephemeris format bit allocations can be considered for both HAPS and ATG for simplification. Note that the maximum attitude is 50km and 12km for HAPS and ATG, separately, thus, the value range of altitude may be 0~50km.
Proposal 25: The same ephemeris format bit allocations can be considered for both HAPS and ATG.
Proposal 26: The value range of altitude may be 0~50km for HAPS and ATG.
[bookmark: _Toc85829366]Issue#11: Serving satellite ephemeris Epoch time
The Epoch time issue for the assistance information (i.e. serving satellite ephemeris data or Common TA parameters) has been discussed in Issue#4, with the following proposals.
Proposal 4: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, support Option 1, i.e.,
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.
Proposal 5: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, no spec impact is expected. In this case, UE expects the assistance information keep valid within the current SI modification period.

Regarding the reference point for epoch time of the serving satellite ephemeris, it should be at satellite.
Proposal 27: The reference point for epoch time of the serving satellite ephemeris is at satellite.
Conclusions
In this contribution, we share our views on related issues on UL time and frequency synchronization enhancements for NTN. The observations and proposals are summarised as follows:

Issue#1: Indication of Common TA drift parameters
Proposal 1: When the reference point is not satellite, Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.

Issue#2: Granularity and signalling of Common TA parameters
Observation 1: The feeder link error consists of curve-fitting error and quantization error.
Observation 2: There are some reasons for UE cannot detect SIB in RRC_CONNECTED state, 
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.
Proposal 2: When design the granularity and value range of Common TA related parameters, the same/similar error magnitude for both curve-fitting error and quantization error can be considered.
Proposal 3: Apart from indication on SIB, support Common TA related parameters indication via dedicated signaling.

Issue#3: The reference time of common TA parameters
Issue#11: Serving satellite ephemeris Epoch time
Observation 3: Two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
Proposal 4: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, support Option 1, i.e.,
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.
Proposal 5: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, no spec impact is expected. In this case, UE expects the assistance information keep valid within the current SI modification period.
Proposal 6: It is up to RAN2 to determine which approach is adopted for updating the assistance information.
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
Proposal 7: The reference point for epoch time of the Common TA related parameters is at satellite.
Proposal 27: The reference point for epoch time of the serving satellite ephemeris is at satellite.

Issue#4: The need and the indication of TA margin
Observation 4: Whether set  to 0, or which component is included in , are up to network implementation.
Proposal 8: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, support Option 2, i.e.,  may include a timing offset (.e.g. = + Te_NTN ). No addition spec impact is expected with this solution.

Issue#5: TA update in RRC_CONNECTED state
Observation 5: To avoid the TA jump caused by double correction, if Solution 1 (based on gradual timing adjustment) is supported, minimum spec impact in RAN1 can be expected. Nevertheless, additional signaling overhead for closed loop TA adjustment is expected after open loop TA adjustment.
Proposal 9: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
·  and  = 0
· or, 
where, is the TAC field in msg2/msgB.
Proposal 10: To avoid the TA jump caused by double correction, one of the following solutions is supported.
· Solution 1: based on gradual timing adjustment. A big TA error caused by open loop calculation can be gradually adjusted with a minor step within a long duration.
· Solution 2: Update  to absorb the big TA error caused by open loop calculation, e.g.,

Proposal 11: To avoid the TA jump caused by double correction, if Solution 2 (Update N_TA to absorb the big TA error caused by open loop calculation) is supported, further study:
· Whether it is needed to specify the additional  update formula based on UE’s inner procedure for open loop TA update.
· How to specify it, if needed.
Proposal 12: How the UE calculates/updates  is left to UE implementation.
Proposal 13: How the UE calculates/updates  is left to UE implementation.

Issue#6: NTN UE Time Alignment Timers
Proposal 14: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, UE may acquire new or additional assistance information before the associated validity expired during a process of P-RNTI triggered SI acquisition and/or during a process of autonomous SI acquisition.
Proposal 15: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, UE may send a signaling to gNB to request for a quick response of indication of new or additional assistance information via dedicated signaling, if it fails to acquire new or additional assistance information via SI when the associated validity is to be expired due to the following reasons:
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.
Proposal 16: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, UE may acquire new or additional assistance information in the next SI modification period during a process of P-RNTI triggered SI acquisition. No additional spec impact is expected.
Proposal 17: The validity duration for both serving satellite ephemeris and common TA related parameters can be defined per cell.
Proposal 18: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, for indication of the validity duration,
· The unit can be coarse, e.g., second or SIB period. 
· The range can be selected based on the maximum validity duration length, e.g., 10~30 s.
Proposal 19: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is supported, there is no need to indicate the validity duration. In fact, UE expects the assistance information keep valid within the current SI modification period.

Issue#7: Broadcasting the position of a reference point
Observation 6: Broadcasting the position of a reference point of the feeder link (GW or gNB position) is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 7: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 8: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 20: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.

Issue#8: Indication of common frequency pre-compensation offset on DL service link
Proposal 21: Deprioritize support of Common DL frequency compensation for the service link Doppler shift.

Issue#10: Serving satellite ephemeris format bit allocations
Proposal 22: Confirm the working assumption on serving satellite ephemeris format bit allocations.
Proposal 23: To serving satellite ephemeris format indication, different value range and bit allocation can be considered for different scenarios.
Proposal 24: A scenario indication can be broadcasted by the network, and it can be used for determining the value range and bit allocation for the following parameters
· Cell specific K_offset
· Common TA parameters
· satellite ephemeris
Proposal 25: The same ephemeris format bit allocations can be considered for both HAPS and ATG.
Proposal 26: The value range of altitude may be 0~50km for HAPS and ATG.
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