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1.	Introduction
We present our views on the following aspects.
· Epoch time and SIB19 configurations
· Additional delay and Requirement Applicability in HO
· RLM and BFD/CBD Requirements
· Testability Issues
· NTN specific Parameters in Test Cases
· Time and Frequency Impairments due to Satellite Mobility
2. 	Discussion
Epoch time and SIB19 configurations
In RAN4#105 meeting, it was agreed that TE renews satellite information in SIB19 at epoch time and the renewed ephemeris information will be used to project reference (ideal) satellite positions until the next epoch time.
· Agreement from RAN4#105
· Reference propagator model:
· The propagator model at UE side is left for implementation, as long as the transmit timing accuracy requirements are fulfilled.
· The reference propagator model to be selected at TE side is Eckstein-Hechler and the duration of the prediction corresponds to the interval between consecutive epoch times, as the satellite assistance information is renewed at epoch time.

According to RAN1 agreement, the reference SFN of epoch time is the current SFN of SIB19 or the next upcoming SFN.

· Agreement from RAN1#110
· For serving cell if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers this frame to be the current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received. 
· For neighbor cell if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame nearest to the frame where the message indicating the Epoch time is received.

Based on the above RAN1 and RAN4 agreements and LS, SIB19 repetition period, epoch time instances, and TE behavior are depicted in Figure 1. As shown in the figure, TE also needs to emulate time-varying timing/frequency offsets/drifts based on the reference satellite position (to be considered as a true satellite position in test cases) projected by Eckstein-Hechler model and the ephemeris information broadcasted in the previous SIB19 repetitions. Regarding the validity duration of satellite information, as SIB19 will anyway have to be re-coded every 10.24s in order to avoid the ambiguity in the reference SFN of epoch time, the validity duration larger than 20s is undesirable for NGSO.
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Fig. 1 A diagram of Epoch time and Validity duration according to SIB19 configuration

Proposal 1: SIB19 repetition with the same payload should not be across Epoch time indicated by the content of SIB19. Otherwise, UE UL timing error cannot be accurately measured due to the ambiguity in the interpretation of the epoch time.

Proposal 2: In RRM test cases, ntn-UlSyncValidityDuration is set as below:
· for NGSO, ntn-UlSyncValidityDuration is set to a value not larger than 20s.
· for GSO, ntn-UlSyncValidityDuration is set to a large value, e.g. 900s, assuming the satellite is stationary.

Additional delay and Requirement Applicability in HO
There is one open issue pending on RAN2 conclusion regarding epoch time of the HO/CHO target cell and whether to allow backward propagation of the target cell’s ephemeris information.
· Issue 7: Additional delay and Requirement Applicability in HO and CHO due to uncertainty of Target cell’s epoch time
· Wait for RAN2 conclusion and the following options can be further discussed as part of maintenance..
· Option 1:
· No need to consider the additional delay introduced in the HO/CHO procedure for NTN caused by the cases where the UE has to wait for the epoch time to be reached or re-acquire a new ephemeris information.
· Option 2:
· Latency and Interruption requirements in HO and CHO shall be extended. FFS on the details.
· FFS on delay requirement for blind HO/CHO case if target satellite ephemeris information and epoch timing is only provided to UE via HO command.

According to the description of epochTime in TS38.331, the epoch time of the target satellite for HO and CHO refers to the SFN and sub-frame of the target cell. Therefore, UE will have to read MIB of the target cell during the course of HO and CHO to obtain the target cell’s SFN information because UE does not typically read MIB of non-serving cells as part of neighbour cell measurements or the evaluation of candidate CHO cells.
· epochTime in TS38.331:
· In case of handover or conditional handover, this field is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell. For the target cell the UE considers epoch time, indicated by the SFN and sub-frame number in this field, to be the frame nearest to the frame in which the message indicating the epoch time is received.

Observation 1: The SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell .

According to the reply LS (R1-2212984) to RAN2, UE can consider assistance information valid as soon as it is received and apply a backward propagation of satellite assistance information as needed. However, the content of LS is only about serving satellite. And as it is left to UE implementation, we cannot assume UE is always required to apply the backward propagation of the future ephemeris information even after reading the target cell’s MIB.

R1-2212984, Reply LS on validity of assistance information (from RAN1 to RN2)
	Regarding RAN1’s agreement on serving cell’s Epoch time referring to the current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received, RAN2 has discussed and thinks that there could be an issue with latency (e.g. for initial access) when Epoch time points to a future time and validity timer has not started. 
To solve this issue, RAN2 kindly requests RAN1 to provide feedback on whether:
1. backwards propagation of satellite assistance information is needed, or 
2. Epoch time for serving cell can point to a time in the past (for example, if Epoch time for serving cell will always refer to a frame nearest to the frame where the message indicating the Epoch time is received), or
3. this can be addressed by setting the Epoch time properly by the network (i.e. no spec changes).
· Note that in RAN2 there is no consensus on which above option will solve the issue or can only mitigate the issue.

RAN1 response:
· Conclusion
· The UE may consider assistance information valid as soon as it is received. No specification impact is expected. The current definition of validity duration is not changed based on this conclusion.
· From this conclusion, RAN1 understands that the backward propagation of satellite assistance information is left for UE implementation. Thus, from RAN1 perspective, the latency issue identified by RAN2 can be resolved by UE and gNB implementation.



Observation 2: During inter-satellite HO and CHO, UE may have to wait for the epoch time of the target cell to be reached even after obtaining the target cell’s SFN information by reading the MIB of the target cell.

Proposal 3: RAN4 to add an additional delay to inter-satellite HO and CHO delay requirements to account for an uncertainty of Target cell’s epoch time, i.e. UE should be allowed to obtain SFN sync by reading MIB from the target cell and wait for the epoch time to be reached.

RLM and BFD/CBD Requirements
For NTN demodulation performance tests, two new channel models are newly introduced as below.

Observation 3: The following new fading models are introduced for NTN UE demodulation requirements
· New channel models: NTN-TDLA (NLOS) and NTN-TDLC (LOS)
· NTN-TDLA: 100ns of delay spread, 200Hz of Doppler shift
· NTN-TDLC: K-factor = 8.05dB, 100ns of delay spread, 200Hz of Doppler shift

As the existing fading channel models do not reflect NTN specific channel characteristics, fading channel models defined in NTN RLM and BFD/CBD test cases may have to be updated to one of the new NTN channel models. In such a case, the SNR conditions for the test cases will also have to be updated accordingly.

Proposal 4: For RLM and BFD/CBD test cases, propagation channel conditions need to be updated to one of the newly introduced NTN fading models from Demod session, and SNR conditions for the tests should be reevaluated.

Testability Issues
Based on the research of satellite dwell time of the deployed LEO satellites, it was found that there can be potential testability issues depending on the number of total test iterations per test if satellite orbit and UE position are not properly set, e.g. depending on UE location, time, and date, the dwell time varies from a few seconds to +10 mins. Note that there are also multiple sources that cause testing delays in practice before and during the test, e.g. delays due to UE attachment and RRC setup procedure before the test and TE transmission power adjustment, channel fader initialization, etc during the test. Due to the issues for which there is no precedent in any existing test cases, UE may have to asked to carry out handover to another satellite to finish the rest test of the test iterations or TE may repeat “stop-and-restart” the test until it finishes all the required test iterations.

Observation 4: Due the following issues, UE may have to either carry out handover to another satellite to finish the rest test iterations or repeat stop-and-restart the test until it finishes the rest test iterations, both of which are not desirable.
· A length of dwell time that a satellite can remain in a detectable and measurable condition depends on the UE location and the satellite’s orbit.
· [bookmark: _Hlk126829013]According to Iridium satellite constellation, depending on UE location, time, and date, the dwell time varies from a few seconds to +10 mins.
· After initial test set up procedures, e.g. UE attachment, RRC setup procedure, TE transmission power adjustment, channel fader initialization, and so on, it may not leave TE with enough time for a full set of test iterations.

As it is very unlikely that RAN4 can perform an in-depth investigation on this and define proper configurations in terms of UE location, satellite orbit, etc., the issues should be clearly communicated to RAN5 so that the issues can be taken into account in defining test configurations and methods.

Proposal 5: If the following testability issues for NGSO cannot be addressed in RAN4, the issues shall be communicated to RAN5 and properly addressed in RAN5:
· How to deal with the cases where a length of dwell time that a satellite can remain in a testable condition, e.g. from -30 deg to 30 deg elevation angle with respect to the UE, is not adequate for the full test iterations.
· The same issue for two-satellite based test cases.

NTN specific Parameters in Test Cases
There are lots of parameters left undefined in RAN4 due to lack of concrete configurations for UE location and satellite orbit information. For which, RAN4 needs to specify criteria of the parameters, which can be used by RAN5 to define exact values of the parameters.

Proposal 6: For UE specific and Cell common Koffsets, RAN4 to agree to the following principles, and capture them in one of satellite configuration related appendixes, e.g. Annex B, of TS38.133:
· UE-specific Koffset can be set to a constant value during test, and the value can be the same as Cell-specific Koffset
· The value of Koffset can be determined by RAN5 based on UE location and satellite orbit
· The value of Koffset should be large enough to ensure the causality of UL scheduling

Proposal 7: The value of Kmac can be set to zero assuming gateway and gNB are co-located.

Proposal 8: EphemerisInfo can be in a format of velocity state vector (PositionVelocity) and orbital parameters (Orbital) for serving satellite and neighbor satellite, respectively.

Proposal 9: t-Service, if configured, should be set to a time instance such that the absolute value of satellite’s elevation angle relative to a UE position is not smaller than 30 deg.

Proposal 10: referenceLocation in SIB19 will be defined by RAN5 based on UE location and test purposes, e.g. location based measurement and mobility test cases.

Proposal 11: SFN offset between satellites, e.g. serving cell’s satellite and (C)HO target cell’s satellite, is defined by RAN5

Time and Frequency Impairments due to Satellite Mobility
It was agreed in RAN4#104 e-meeting that TE shall adjust the downlink transmission frame boundary and UL reception timing.

Agreements: (Agreed WF - R4-2214473, from RAN4#104 e-meeting)
Issue 5-3: Reference time for NTN UE timing related test cases.
· For the test requirement, the reference time should be (NTA + NTA_offset + NTA,common + NTA,UE-specific) ×Tc ± Te_NTN
· FFS NTA,UE-specific and NTA,common used by test system do not include UE GNSS estimation error and satellite positioning error from UE calculation.
· In test cases for NGSO, a test equipment shall adjust the downlink transmission frame boundary/Doppler shift and UL reception timing according to open-loop TA control related parameters defined in the NTN specific system information and the satellite constellation with respect to UE position.
· FFS the following aspects:
· For the transmission timing/Doppler shift adjustment and UL reception timing, RAN4 defines a reference propagator model. 
· The reference propagator model shall be defined in such a way that those UEs using more accurate propagator model than the reference model are not penalized. 
· The reference model can be determined based on companies’ input. Eckstein Hechler based propagator model can be one of the candidate models.

For that, time instances for DL and UL shall be precisely defined in test case descriptions, e.g. Annex B. As presented in our contributions submitted in the past RAN4 meetings (R4-2203856, R4-2207960), NTN propagation delays over forward (DL) and reverse (UL) links are not symmetric (See S3/F3 and S4/F4 in Figure 2 and Figure 3) for the same slot index.
For an easier explanation, we take a feeder link propagation delay as an example. As can be read from RAN1 spec (excerpted below), Delay_common(t) is defined as a one-way propagation distance at a specific time instance ‘t’, not two-way propagation delay. Which means, in order to precisely calculate the reference timing of the two-way propagation delay for a UE transmit timing error measurement, TE should use two time instances as shown in Figure 2 and Figure 3, that is because the satellite’s position when the satellite receives UE UL uplink slot (slot #n+k) is different from the satellite’s position when the satellite relays the corresponding DL slot (slot #n+k) from the serving GW, i.e. asymmetric two-way delays, which is different from the traditional TN or GSO.
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Fig. 2 Reference system model of timing relation between UE and UL timing synchronization reference point in NTN

[image: Graphical user interface

Description automatically generated]
Fig. 3 Timing Relation between UE DL Reception and UE UL Transmission

Based on the above explanation, we propose to capture how to model the time-varying time/frequency offsets and sampling frequency drift in one of satellite configuration related appendixes, e.g. Annex B, of TS38.133

Proposal 12: TE shall generate downlink signals such that the signals include the impacts of timing/frequency offsets and sampling frequency drift according to UE position, programed via AT command, and the reference satellite position, projected by Eckstein-Hechler model and the ephemeris information in the SIB19 transmitted before the most recent epoch time.
· The above should also apply to RF and Demodulation test cases, if applicable.
· As part of the time-varying timing offset characteristics to be modeled by TE, RAN4 to capture the following description in one of satellite configuration related appendixes, e.g. Annex B, of TS38.133.
· When it is assumed that SRP is at the satellite, i.e. ta-Info is not provided in SIB19 or N_TA,common is set to a constant 0, and the time instance of UE UL transmission for slot#n at UE antenna ports, i.e. the start of slot#n minus (NTA + NTA_offset + NTA,common + NTA,UE-specific) ×Tc, is the start of downlink slot#n – X – Y, where X and Y are defined as below:
· X is a one-way propagation delay of a DL transmission over the service link from the satellite to the UE at the moment when the downlink slot#n arrives at the satellite of which the position is projected by Eckstein-Hechler model and the ephemeris information in the SIB19 transmitted before the most recent epoch time and slot#n.
· Y is a one-way propagation delay of a UL transmission over the service link from the UE to the satellite at the moment when the uplink slot#n arrives at the satellite of which the position is projected by Eckstein-Hechler model and the ephemeris information in the SIB19 transmitted before the most recent epoch time and slot#n.
· The projected satellite positions at X and Y are assumed to be the same, hence the satellite position projected for X can be considered as the satellite position for Y, and vice versa.
3.	Conclusion
In this paper, we proposed the following.
Epoch time and SIB19 configurations
Proposal 1: SIB19 repetition with the same payload should not be across Epoch time indicated by the content of SIB19. Otherwise, UE UL timing error cannot be accurately measured due to the ambiguity in the interpretation of the epoch time.
Proposal 2: In RRM test cases, ntn-UlSyncValidityDuration is set as below:
· for NGSO, ntn-UlSyncValidityDuration is set to a value not larger than 20s.
· for GSO, ntn-UlSyncValidityDuration is set to a large value, e.g. 900s, assuming the satellite is stationary.

Additional delay and Requirement Applicability in HO
Observation 1: The SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell .
Observation 2: During inter-satellite HO and CHO, UE may have to wait for the epoch time of the target cell to be reached even after obtaining the target cell’s SFN information by reading the MIB of the target cell.
Proposal 3: RAN4 to add an additional delay to inter-satellite HO and CHO delay requirements to account for an uncertainty of Target cell’s epoch time, i.e. UE should be allowed to obtain SFN sync by reading MIB from the target cell and wait for the epoch time to be reached.

RLM and BFD/CBD Requirements
Observation 3: The following new fading models are introduced for NTN UE demodulation requirements
· New channel models: NTN-TDLA (NLOS) and NTN-TDLC (LOS)
· NTN-TDLA: 100ns of delay spread, 200Hz of Doppler shift
· NTN-TDLC: K-factor = 8.05dB, 100ns of delay spread, 200Hz of Doppler shift
Proposal 4: For RLM and BFD/CBD test cases, propagation channel conditions need to be updated to one of the newly introduced NTN fading models from Demod session, and SNR conditions for the tests should be reevaluated.

Testability Issues
Observation 4: Due the following issues, UE may have to either carry out handover to another satellite to finish the rest test iterations or repeat stop-and-restart the test until it finishes the rest test iterations, both of which are not desirable.
· A length of dwell time that a satellite can remain in a detectable and measurable condition depends on the UE location and the satellite’s orbit.
· According to Iridium satellite constellation, depending on UE location, time, and date, the dwell time varies from a few seconds to +10 mins.
· Therefore, after initial test set up procedures, e.g. UE attachment, RRC setup procedure, TE transmission power adjustment, channel fader initialization, and so on, it may not leave TE with enough time for a full set of test iterations.
Proposal 5: If the following testability issues for NGSO cannot be addressed in RAN4, the issues shall be communicated to RAN5 and properly addressed in RAN5:
· How to deal with the cases where a length of dwell time that a satellite can remain in a testable condition, e.g. from -30 deg to 30 deg elevation angle with respect to the UE, is not adequate for the full test iterations.
· The same issue for two-satellite based test cases.

NTN specific Parameters in Test Cases
Proposal 6: For UE specific and Cell common Koffsets, RAN4 to agree to the following principles, and capture them in one of satellite configuration related appendixes, e.g. Annex B, of TS38.133:
· UE-specific Koffset can be set to a constant value during test, and the value can be the same as Cell-specific Koffset
· The value of Koffset can be determined by RAN5 based on UE location and satellite orbit
· The value of Koffset should be large enough to ensure the causality of UL scheduling
Proposal 7: The value of Kmac can be set to zero assuming gateway and gNB are co-located.
Proposal 8: EphemerisInfo can be in a format of velocity state vector (PositionVelocity) and orbital parameters (Orbital) for serving satellite and neighbor satellite, respectively.
Proposal 9: t-Service, if configured, should be set to a time instance such that the absolute value of satellite’s elevation angle relative to a UE position is not smaller than 30 deg.
Proposal 10: referenceLocation in SIB19 will be defined by RAN5 based on UE location and test purposes, e.g. location based measurement and mobility test cases.
Proposal 11: SFN offset between satellites, e.g. serving cell’s satellite and (C)HO target cell’s satellite, is defined by RAN5

Time and Frequency Impairments due to Satellite Mobility
Proposal 12: TE shall generate downlink signals such that the signals include the impacts of timing/frequency offsets and sampling frequency drift according to UE position, programed via AT command, and the reference satellite position, projected by Eckstein-Hechler model and the ephemeris information in the SIB19 transmitted before the most recent epoch time.
· The above should also apply to RF and Demodulation test cases, if applicable.
· As part of the time-varying timing offset characteristics to be modeled by TE, RAN4 to capture the following description in one of satellite configuration related appendixes, e.g. Annex B, of TS38.133.
· When it is assumed that SRP is at the satellite, i.e. ta-Info is not provided in SIB19 or N_TA,common is set to a constant 0, and the time instance of UE UL transmission for slot#n at UE antenna ports, i.e. the start of slot#n minus (NTA + NTA_offset + NTA,common + NTA,UE-specific) ×Tc, is the start of downlink slot#n – X – Y, where X and Y are defined as below:
· X is a one-way propagation delay of a DL transmission over the service link from the satellite to the UE at the moment when the downlink slot#n arrives at the satellite of which the position is projected by Eckstein-Hechler model and the ephemeris information in the SIB19 transmitted before the most recent epoch time and slot#n.
· Y is a one-way propagation delay of a UL transmission over the service link from the UE to the satellite at the moment when the uplink slot#n arrives at the satellite of which the position is projected by Eckstein-Hechler model and the ephemeris information in the SIB19 transmitted before the most recent epoch time and slot#n.
· The projected satellite positions at X and Y are assumed to be the same, hence the satellite position projected for X can be considered as the satellite position for Y, and vice versa.
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3GPP TSG - RAN WG4 Meeting #   10 6   R4 - 2300096   Athens ,   Greece,   February 27   –   March 3 , 2022   Agenda Item:   6.1.5.2   Source:      Qualcomm Incorporated   Title:        Configuration of NTN specific parameters and open  issues   Document for:   Approval   1.   Introduction   We present our views  on the  following  aspects .      Epoch time and SIB19 configurations      Additional delay and Requirement Applicability in HO      RLM and BFD/CBD Requirements      Testability Issues      NTN specific  Parameters in Test Cases      Time and Frequency Impairments due to Satellite Mobility   2.    Discussion   Epoch time and SIB19 configurations   In RAN4#105 meeting, it was agreed  that  TE renews  satellite information in SIB19  at epoch time and the renewed  ephemeris in formation will be used to project reference (ideal) satellite positions until the next epoch time.   •   Agreement from RAN4#105   •   Reference propagator model:   •   The propagator model at UE side is left for implementation, as long as the transmit timing  accuracy requi rements are fulfilled.   •   The reference propagator model to be selected at TE side is Eckstein - Hechler and the duration of  the prediction corresponds to the interval  between consecutive epoch times , as the satellite  assistance information is  renewed at epoch  time .     According to RAN1 agreement,  the reference SFN of epoch time is the current SFN of SIB19 or the next upcoming  SFN.     •   Agreement   from RAN1#110   •   For  serving cell   if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers  this frame to be the current SFN or the next upcoming SFN after the frame where the message indicating  the Epoch time is received.    •   For neighbor cell if EpochTime is indic ated explicitly by a SFN and subframe number, the UE considers  this frame to be the frame nearest to the frame where the message indicating the Epoch time is received.     Based on the above RAN1 and RAN4 agreements   and LS , SIB19 repetition period, epoch time instances, and TE  behavior are depicted in Figure 1. As shown in the figure, TE also needs to  emulate time - varying timing/frequency  offsets/drifts based on the reference satellite position  (to be considered as a true s atellite position in test cases)  projected  by  Eckstein - Hechler   model and the ephemeris information broadcasted in the previous SIB19 repetitions.  Regarding the 

