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Introduction
The scope of this email discussion contains GNSS-related requirements and UE timing requirements for NR NTN (AI 10.13.5.2 and AI 10.13.5.4). All the submitted TDocs in this agenda were reviewed and the relevant observations and proposals are included in this email discussion. The following topics will be discussed according to the submitted TDocs.
· AI 10.13.5.4 Timing requirements
· UE transmit timing requirements
· TA adjustment accuracy requirements
The timeline for 1st and 2nd round email discussions can be referred in TDoc of “RAN4#102-e E-meeting Arrangements and Guidelines”
In providing comments, companies are encouraged to:
· Be concise
· Provide comments on all topics/sub-topics of interest to them
· Ensure that their comments are inserted in the latest version of the document by checking the folder before uploading
· Use “Track changes” to help identify added comments/changes


Topic #2: UE timing requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2203794
	Apple
	Proposal 1: use the definition agreed in RAN1 for NTA,UE-specific and NTA,common, and no need to have additional clarification on NTA,UE-specific and NTA,common.
Proposal 2: propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement.
Proposal 3: downlink timing of the reference cell is defined same as legacy TN timing requirement.
Proposal 4: use framework of gradual timing adjustment accuracy requirement for NTN UE autonomous timing adjustment regardless double correction is used or not.
Proposal 5: The Tp_NTN/Tq_NTN of gradual timing adjustment accuracy requirement for NTN UE is same as legacy TN requirement:
When the transmission timing error between the UE and the reference timing exceeds Te_NTN then the UE is required to adjust its timing to within Te_NTN. The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
2)	The minimum aggregate adjustment rate shall be Tp_NTN per second.
3)	The maximum aggregate adjustment rate shall be Tq_NTN per 200 ms.
	where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in following table.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN 
	Tp_NTN

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	NA
	NA

	NOTE:	Tc is the basic timing unit defined in TS 38.211 


Proposal 6: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. 
Proposal 7: 
The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN case.
No need to introduce additional conditions for NTN TA adjustment accuracy requirement.
No need to consider margin for UE autonomous open loop TA pre-compensation.

	R4-2203856
	Qualcomm Incorporated
	Reference point for UE UL timing accuracy measurement
Proposal 1: A time reference for the UL transmit timing requirement is the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
TA Adjustment Accuracy
Proposal 2: NTN TA adjustment accuracy requirement should be the same as the current TA adjustment requirements with the following modifications:
· UE autonomous TA adjustment due to updates of UE position estimation, satellite position prediction, and feeder link time drift shall be excluded from the definition of TA adjustment error in response to TAC, i.e. “a relative accuracy to the signalled timing advance value compared to the timing of preceding uplink transmission” shall be modified to not include UE autonomous TA update due to satellite position update and N_{TA,common} update.
· To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin shall be extended by [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m)
· The requirement applies only to a stationary UE.
Gradual Timing Adjustment and Double Correction
Proposal 3: To address Gradual Timing Adjustment and Double Correction issue, the current gradual timing adjustment requirement is updated as below:
· When a transmission timing interval from the previous transmission to the current transmission differs from absolute value of “slot_length*(number of slots between the two transmissions) – 0.5*TA_c + 0.5*TA_p” by more than 2*Te_NTN, all adjustments made to the current transmission timing apart from “slot_length*(number of slots between the two transmissions) – 0.5*TA_c + 0.5*TA_ p” shall follow these rules:
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
· The minimum aggregate adjustment rate shall be Tp per second.
· The maximum aggregate adjustment rate shall be Tq per 200 ms.
· where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
· TA_p is the amount of timing advance applied in the previous uplink transmission, which is derived based on the previous UE position, satellite position, and N_TA,common.
· TA_c is the amount of timing advance derived based on the current UE position, satellite position, and N_TA,common before applying it to the current uplink transmission.

	R4-2203931
	CATT
	Proposal 1: The [29]*64*Tc and [24]*64*Tc requirements are relaxed unnecessary, and should be reduced suitably. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz
Proposal 2: The NTA,common is signal to UE by network, and additional clarification is not needed.
Proposal 3: For downlink timing of reference cell, additional clarification is not needed. 
Proposal 4: The NTA,UE-specific can be further clarified as it contains two times of propagate delay of from UE transmit signal to satellite received it and UE’s prediction. 
Proposal 5: Define NTN UE initial timing accuracy requirement for all UL transmissions.
Proposal 6: Not define gradual timing adjustment requirements for NTN UE.
Proposal 7: UE performs uplink timing adjustment with combining downlink reception timing drifting, TA command, common TA, and UE specific TA change as one adjustment.
Proposal 8: No further discussion on the maximum delay variation in gradual timing adjustment requirement in NTN. The gradual timing adjustment requirements is not defined.
Proposal 9: The feeder link time drift should not be considered in the gradual timing adjustment requirement in NTN. It will be considered in every uplink timing decision.
Proposal 10: No additional conditions and margin are needed for NTN TA adjustment accuracy requirement. TA adjustment accuracy requirement can be tested in GEO scenario.

	R4-2204160
	ZTE Corporation
	Proposal 1: Reuse RAN1 definition of  NTA,common for RRM requirements.
Proposal 2: Option 2 in WF[1] is supported :Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.
Proposal 3: Relax the gradual timing adjustment requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.

	R4-2204186
	MediaTek inc.
	Observation 1: RAN2 assumes the feeder link delay is known to and compensated by the network.
Proposal 1: RAN4 assumes the feeder link delay is known to and compensated by the network when defining the requirements.
Observation 2: For the UE with speed of 60 km/hr, the delay drifting caused by the change of UE position is 55.6 ns / sec, which is less than 10% of Te_NTN per second.
Observation 3: The timing change due to the path changing can be handled by TA command, regardless whether graduate timing adjustment requirement is applied or not.
Observation 4: The network will not see the big timing change due updated UE specific TA, and thus it is unclear why UE is required to adjust UL timing gradually towards the updated UE specific TA.
Observation 5: It is risky to directly increase Tp/Tq a lot, because UE would not be able to detect unexpected big DL timing jumping.
Proposal 2: Option 2. Not define gradual timing adjustment requirement for NTN UE; Replace gradual timing adjustment requirement with NTN UE initial timing accuracy requirement, i.e. NTN UE initial timing accuracy requirement applies to all UL transmissions. 

	R4-2204187
	MediaTek inc.
	Draft CR on introduction of Timing advance requirement for NTN

	R4-2204238
	Xiaomi
	Proposal 1: The change of reference timing for UE UL transmit timing due to RTT change should be excluded from the timing accuracy requirements, e.g. gradual timing adjustment requirement.
Proposal 2: The NTA,UE-specific and NTA,common should be the value without estimation or calculation error.
Proposal 3: Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.
Proposal 4: The amount of gradual timing adjustment accuracy requirement applies to the following timing inaccuracy:
· The unexpected DL reception timing jump
· Timing inaccuracy when UE does not update its position at a reasonable rate
Proposal 5: The feeder link timing drift should not be considered in gradual timing adjustment requirements.
Proposal 6: The maximum delay variation for the round trip delay should not be considered in the gradual timing adjustment requirement in NTN.
Proposal 7: The gradual timing adjustment requirements for NR NTN UE are specified as follows:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 13.5Ts.
2)	The minimum aggregate adjustment rate shall be Tp_NTN = 13.5Ts per second.
3)	The maximum aggregate adjustment rate shall be Tq_NTN = 13.5Ts per 200 ms.
Where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in Table 1
Table 1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	13.5*64*Tc
	13.5*64*Tc

	
	30
	13.5*64*Tc
	13.5*64*Tc

	
	60
	N.A
	N.A

	NOTE:	Tc is the basic timing unit defined in TS 38.211



Proposal 8: RAN4 not to consider the margin to accommodate UE autonomous open loop TA pre-compensation.
Proposal 9: NTN TA adjustment accuracy requirement is only applied to closed loop TA control.

	R4-2204239
	Xiaomi
	Draft CR on UE timer accuracy for NR NTN

	R4-2204316
	LG Electronics Inc.
	In this contribution, we provide our views on timing requirement for NTN, and we propose 
· Proposal 1: The UE specific TA update could be UE implementation as long as the timing requirements are met. However, at least the UE specific TA should be updated before uplink transmission as UE behavior.
· Proposal 2: Reuse existing gradual timing adjustment requirements based on Proposal 1.
· Proposal 3: Reuse existing TA adjustment accuracy without additional condition if proper behavior of UE specific TA update is specified in double correction issue. 

	R4-2204419
	Intel Corporation
	Proposal 1: RAN4 specifies gradual timing adjustment requirements, which regulate the maximum amount of UE UL timing adjustments for both open loop and closed loop adjustments.
Proposal 2: The reference timing of the UE adjustments is specified as the DL timing of the cell before open loop compensation.

	R4-2204530
	CMCC
	Proposal 1: For the reference timing of initial transmit timing requirements and gradual timing adjustment requirements, additional clarification on NTA,UE-specific and NTA,common is needed as follows:
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
Proposal 2: For the double correction issue, using the framework of gradual timing adjustment accuracy requirement as the starting point.
Proposal 3: No need to consider the feeder link propagation delay drift in gradual timing adjustment requirements.
Proposal 4: Further relax the gradual timing adjustment requirements based on the baseline method
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	9*64*Tc
	5.5*64*Tc

	
	30
	9*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

	NOTE:	Tc is the basic timing unit defined in TS 38.211


Proposal 5: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 6: maximum delay variation for the round trip delay and feeder link time drift should not be considered in the gradual timing adjustment requirement 

	R4-2205329
	Huawei, HiSilicon
	Proposal 1: NTA,UE-specific is defined as the TA value used to pre-compensate the two-way propagation delay between the serving satellite and the UE. The one-way propagation delay between the serving satellite and the UE is calculated by using the UE location and the serving satellite location. The serving satellite location is expected to be derived from the serving satellite ephemeris indicated by network.
Proposal 2: NTA,common is defined as the TA value used to pre-compensate the two-way transmission delay between the uplink time reference point and the serving satellite. The one-way transmission delay between the uplink time reference point and the serving satellite () is calculated as follows:

Where:
· TACommon, TACommonDrift and TACommonDriftVariation, are common TA parameters indicated in SIB of the reference cell.
· When a SFN and a sub-frame number are provided through the SIB or dedicated signalling,   is the starting time of the corresponding DL sub-frame. Otherwise,  is the end of the SI window during which the SI message is transmitted.
·  is the starting time of the DL slot on which NTA,common is applied.
Proposal 3: It is assumed that UE is able to update the value of NTA,common for each subframe.
Proposal 4: It is assumed that UE is able to calculate the serving satellite location for each subframe.
Proposal 5: It is assumed that UE is able to update the value of NTA,UE-specific  for each subframe, which is calculated based on the serving satellite location for this subframe and the latest estimated UE location, which leads that the estimation error of NTA,UE-specific will not exceed the UE moving distance during one update periodicity divided by the speed of light.
Proposal 6: It is assumed that UE is able to update its downlink reception timing for each subframe according to the estimated common TA and the estimated UE specific TA for this subframe.
Observation 1: For a stationary UE, the magnitude of uplink transmit timing adjustment due to serving satellite movement can be expected according to the indicated common TA parameters and the indicated serving satellite ephemeris.
Proposal 7: For NTN UE, we suggest to define the gradual timing adjustment requirements according to the timing drift due to UE movements.
Proposal 8: It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN UE.
Proposal 9: It is suggested that double correction issue can be addressed under the framework of gradual timing adjustment requirement.

	R4-2205330
	Huawei, HiSilicon
	Draft CR on UE transmit timing requirements for NTN

	R4-2205420
	Ericsson
	Observation 1: The closed loop terms  already have requirements in existing legacy specification, TS 38.133. 

Proposal 1: Keep existing gradual timing adjustment requirements for the closed loop terms .

Observation 2: The best we can do is to put limits based on the characteristics of at least the UE GNSS positioning accuracy part, for .
Observation 3: If we get a dual compensation error and UE complies to a positioning error of 50 meters, then a dual compensation can be absorbed by CP.
Proposal 2: 
All adjustments made to the UE uplink timing, for  shall follow this rule:
1)	The UE GNSS position accuracy is 50 meters from true position.

	R4-2205421
	Ericsson
	Draft Reply LS to RAN1 regarding UE timing requirements.



Open issues summary and Companies views’ collection for 1st round
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
UE transmit timing requirements
Issue 1-1: Requirement of initial transmit timing error (Te_NTN).
· Option 1: (CATT)
· The [29]*64*Tc and [24]*64*Tc requirements are relaxed unnecessary, and should be reduced suitably. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz.
· Option 2: ()
· Keep the agreements in RAN4#101e meeting, and remove the square brackets.
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[29]*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	[24]*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

	NOTE:	Tc is the basic timing unit defined in TS 38.211



· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	Support option 2.

	Huawei
	We support option 2, to keep the agreements in previous meeting and remove the square brackets.

	Ericsson
	Option 2.

	Qualcomm
	Support Option 2.

	CMCC
	We share same view with CATT, however, to move forward, we can go with Option 2.

	MTK
	Support option 2.

	THALES
	We Support Option 2

	ZTE
	Support option 2.

	Apple
	Option 2.

	Nokia
	Support Option 2.

	CATT
	Support option 1 as mentioned there is no reason for extra relaxation without explanation. This is the last meeting of core part, if all other companies cannot consider this and insist of relaxation, we can compromise to move forward. 



Issue 1-2: The clarification on NTA,UE-specific and NTA,common.
· Option 1: (Apple)
· Use the definition agreed in RAN1 for NTA,UE-specific and NTA,common, and no need to have additional clarification on NTA,UE-specific and NTA,common.
· Option 1a: (ZTE)
· Reuse RAN1 definition of  NTA,common for RRM requirements.
· Option 2: (Qualcomm)
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Option 3: (CATT)
· The NTA,common is signal to UE by network, and additional clarification is not needed.
· The NTA,UE-specific can be further clarified as it contains two times of propagate delay of from UE transmit signal to satellite received it and UE’s prediction.
· Option 4: (CMCC, Xiaomi)
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
· Option 5: (Huawei)
· NTA,UE-specific is defined as the TA value used to pre-compensate the two-way propagation delay between the serving satellite and the UE. The one-way propagation delay between the serving satellite and the UE is calculated by using the UE location and the serving satellite location. The serving satellite location is expected to be derived from the serving satellite ephemeris indicated by network.
· NTA,common is defined as the TA value used to pre-compensate the two-way transmission delay between the uplink time reference point and the serving satellite. The one-way transmission delay between the uplink time reference point and the serving satellite () is calculated as follows:

Where:
· TACommon, TACommonDrift and TACommonDriftVariation, are common TA parameters indicated in SIB of the reference cell.
· When a SFN and a sub-frame number are provided through the SIB or dedicated signaling, tepoch is the starting time of the corresponding DL sub-frame. Otherwise, tepoch is the end of the SI window during which the SI message is transmitted.
· t is the starting time of the DL slot on which NTA,common is applied.
· It is assumed that UE is able to update the value of NTA,common for each subframe.
· It is assumed that UE is able to calculate the serving satellite location for each subframe.
· It is assumed that UE is able to update the value of NTA,UE-specific  for each subframe, which is calculated based on the serving satellite location for this subframe and the latest estimated UE location, which leads that the estimation error of NTA,UE-specific will not exceed the UE moving distance during one update periodicity divided by the speed of light.
· Option 6: (Ericsson)
· All adjustments made to the UE uplink timing, for N_(TA,UE-specific) shall follow this rule:
· 1)	The UE GNSS position accuracy is 50 meters from true position.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	We are fine to follow the definition agreed in RAN1 for NTA,UE-specific and NTA,common, however, since the NTA,UE-specific and NTA,common is changing over the time based on the ephemeris information and the configured common TA parameters, the reference point for UE UL transmission is updated for each UL transmission, and we think the update of NTA,UE-specific and NTA,common should be accounted in the update of reference point instead of in gradual timing accuracy requirement.

	Huawei
	We agree with option 1, to use the definition in RAN1’s agreements. Option 5 is suggested based on RAN1’s agreements.
Currently, RAN1 has not concluded which spec to capture the definition of “NTA,UE-specific and NTA,common”, in RAN1 spec or in RAN4 spec? If the definition will be captured in RAN1 spec, then there is no need to have additional clarification on NTA,UE-specific and NTA,common in RAN4 spec. If the definition will not be captured in RAN1 spec, then we suggest to capture the definition in RAN1 agreements into RAN4 spec.

	Ericsson
	Option 1, Use the definition agreed in RAN1 for NTA,UE-specific and NTA,common.

	Qualcomm
	It appears that we failed to deliver the point of issue with our proposal (Option 2). 
· We are not proposing to redefine NTA,UE-specific and NTA,common.
· We agree that the definitions of the parameters should be defined in RAN1.
· What we want to clarify is the following aspects should be clearly defined to measure UE UL timing requirements preciously because the parameters are time varying. Otherwise, a UE deriving accurate NTA,UE-specific and NTA,common may get unfairly penalized.
· For NTA,UE-specific and NTA,common calculations, a satellite position shouldn’t be based on a true position because any inaccuracy in broadcasted Ephemeris information and Epoch time should not account for in UE estimation accuracy. This should be a common understanding in the group.
· For NTA,common, the parameter ‘t’ shall be set to time instances when signals from UE and a reference point are supposed to arrive at a target satellite.
· As can be seen from Fig 2, an ideal UL transmission timing (T2) shall be a reference DL timing minus ‘round trip delay over service link and feeder link’. Here, it should be noted that round trip delay on service link consists of S3 and S4 which are not identical to each other, i.e. it is not “2 x one way propagation delay”. And the same goes to the round trip delay on feeder link. That is because satellite position keeps changing over time. Therefore, the ‘round trip delay over service link and feeder link’ should be S3 + F3 + S4 + F4 in Fig 2, and a satellite position to derive ‘S3 + F3’ shall be different from that for ‘S4 + F4’. The detailed relation is also presented in Fig 1.
· For a reference satellite position that is used to derive the ideal TA value in UE UL timing requirements, since we don’t use a true satellite position, a specific orbit propagator model shall be defined which will be used only for error measurement purpose. Note that the model shall not be less accurate than typical models that can be considered for a real UE implementation. Otherwise, UE using more accurate model can be unfairly penalized. In the last meeting, ‘Eckstein Hechler’ was suggested by one company as the reference model. Based on our survey on orbit propagation model, the Eckstein-Hechler based propagator predicts better than the basic-Kepler model because it considers the effect of non-spherical Earth. Therefore, we agree that the Eckstein-Hechler based propagator model can be used to define the reference timing in UE UL timing requirements.
· In summary, for UE UL timing error measurement purpose, RAN4 shall clarify define how to derive NTA,UE-specific and NTA,common.
With the above explanation, we reproduce a full set of our proposals on this matter below:
A time reference for the UL transmit timing requirement is the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.


[image: ]
Fig 1. Reference system model of timing relation between UE and UL timing synchronization reference point in NTN

[image: ]
Fig 2. Timing Relation between UE DL Reception and UE UL Transmission


	CMCC
	Option 4.
In our view, the clarification in Option 4 should be added in RAN4 reference timing definition part, when following the definition in RAN1.
For the first bullet, the background is that the estimation/calculation error was introduced in relaxed Te_NTN. The Te_NTN is the requirement for the timing gap between reference timing and UL transmission timing. If estimation/calculation error was considered in both reference timing and UL transmission timing, then why we relax the Te to Te_NTN? Therefore, no estimation or calculation error will be included in NTA,UE-specific and NTA,common.
For the second bullet, based on the definition of NTA,UE-specific and NTA,common in RAN1, they are changing over the time. However, based on our understanding, the reference timing should be a fixed value which can be used in real test. Therefore, it is important to clarify what is the reference time for NTA,UE-specific and NTA,common

	Qualcomm3
	To respond to the comment “If estimation/calculation error was considered in both reference timing and UL transmission timing, then why we relax the Te to Te_NTN?” from CMCC:
We only considered “UE position estimation of 50m” not satellite position error. The satellite position estimation error was discussed, as you can see it below:
· RAN4#100-e, 16th – 27th August 2021, e-meeting
· FFS the serving-satellite position estimation error (Te_SAT).
· Option 1: Te_SAT is the error from calculation model used by UE side
· Option 2: Te_SAT is error due to outdated/inaccurate ephemeris information
· Option 3: The error in both option 1 and option 2 should be accounted in Te_SAT.
The discussion was concluded without any explicit agreement. However, when we look at the option, it was a common understanding “satellite position error should be either included in Te_NTN relaxation or excluded from UE requirement.” Therefore, now we are proposing a satellite position shall not be based on true position rather based on a reference orbit propagator model and broadcasted Ephemeris information. The error increases proportionally from the moment when Ephemeris is generated/received.

	THALES
	We are support Option 2.
For NTA,UE-specific , the reference timing is the slot when UL transmission is supposed to arrive at the target satellite based on a reference orbital propagator model to be used at UE side (e.g. please see following models: 1) Eckstein Hechler or 2) 6x6 num).
The problem is that without such a propagator model the reference point will not be the same for 2 different NTN UEs using 2 different propagators. Therefore, we propose to define a reference orbital propagator model for UE side to be used by RAN4 (only for error measurement purpose).

	CMCC2
	Thanks QC’s respond. We have some different views and open to have more discussion.
The “estimation/calculation error” we mentioned is “Te_GNSS, UE position estimation of 50m” and “Te_SAT, error from calculation model used by UE side”. We believe the error from calculation model is counted in Te_NTN, or else, we don’t understand why Te_NTN should be relaxed to 29Ts. The margin between Te and Te_NTN is 17Ts, which is far more than Te_GNSS≈10.5Ts
Regarding the Options above, we think all of them means that satellite position error should be included in Te_SAT, and then, included in Te_NTN.

	ZTE
	We support option 1.

	LGE
	Prefer option 1. We think the definition of TA common and TA ue specific is already considered two-way delay in RAN1 because TA is always based on two-way delay. So, we don’t need to redefine the definition of both TA. 
One thing is how to derive two-way delay. In our understanding, RAN1 has been already discussed whether the two-way delay is based on separate UL and DL of service link or not. But there was no conclusion, so it is kind of UE implementation. If needed, RAN4 needs to check RAN1 conclusion.

	Apple
	Option 1. We think the RAN1 definition for NTA,UE-specific and NTA,common is sufficient and no additional clarification is needed. The propagator model used by UE is up to UE implementation and we don’t need to specify it in the minimum requirement (the margin and error has already been considered in the corresponding minimum requirement). The satellite estimation error is implicitly reflected in the final Te requirement, at least we clarified it as a compromise of 30meters(propagator model and ephemeris error) in the previous email discussion in RAN4 #101e.

	CATT
	Option 3. 
RAN1 definition of 
 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.
We think the clarification can be added for the “service link delay” including two-way propagation delay



Issue 1-3: The clarification on downlink timing of the reference cell.
· Option 1: (Apple)
· Downlink timing of the reference cell is defined same as legacy TN timing requirement..
· Option 2: (Qualcomm)
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Option 3: (CATT)
· For downlink timing of reference cell, additional clarification is not needed.
· Option 4: (Huawei)
· It is assumed that UE is able to update its downlink reception timing for each subframe according to the estimated common TA and the estimated UE specific TA for this subframe.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	Support option 1, the downlink timing is estimated by measuring the downlink SSB which is the same as legacy case.

	Huawei
	We can agree with option 1.
Option 4 is suggested to be used as the assumption when defining gradual timing adjustment requirements.

	Ericsson
	Option 1.

	Qualcomm
	Option 2 and please see our comments on Issue 1-2. Downlink reception timing from UE perspective changes over time. If we do not clearly define a slot index for that, it is not feasible to measure an accurate UL timing error.

	CMCC
	We prefer Option 1.

	THALES
	Option 2

	ZTE
	We support option 1.

	LGE
	Prefer option 1.

	Apple
	Option 1. Reference timing is a UE specific reference but not an ideal common reference timing for all UEs, and we didn’t see any difference from concept perspective for NTN scenario.

	CATT
	Option 1 and option 3 are the same. Support no further clarification.



Issue 1-4: The clarification on propagator model used to define the reference timing in UE UL timing requirements.
· Option 1: (Apple)
· Propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement.
· Option 2: (Qualcomm)
· Eckstein-Hechler based propagator model can be used to define the reference timing in UE UL timing requirements.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	Support option 1, it is up to UE implementation.

	Huawei
	We agree with option 1. 
The margin due to UE implementation on propagator model has been considered in Te_NTN requirements. The propagator model used for deriving the value of NTA,UE-specific is up to UE implementation as long as UE meets Te_NTN requirements.

	Ericsson
	Option 2, standardize the model.

	Qualcomm
	Support Option 2.
It appears that the intent of our proposal (Option 2) is not correctly delivered to companies. Please see our comments on Issue 1-2. 
Just to share the rationale behind the idea of specifying orbit propagator mode again:
In order to measure UE UL timing error, we need a satellite position. For that, the group has to decide between true satellite position and a reference satellite position that is derived by broadcasted Ephemeris information. We believe it shouldn’t be based on a true satellite position because any inaccuracies due to quantized Ephemeris information and the frequency of the broadcasting shouldn’t be parts of UE UL timing error. Note that the orbital propagator model proposed in Option 2 does not mean UE shall use the same model. It is proposed just to alleviate a testability issue by replacing a true satellite position with a realistic reference satellite position.

	CMCC
	We support Option 1.

	THALES
	We support Option 2.
We also propose to define a reference orbital propagator model for UE side to be used by RAN4 (only for error measurement purpose).
It might be Eckstein Hechler or 6x6 num.
Of course, the orbit propagator used by the UE might be different (left to implementation as agreed at RAN1) but at RAN4 we need to consider a reference orbit propagator for testing purpose. We share the same understanding as Qualcomm.

	ZTE
	We think this is up to UE implementation. Option 1 is supported.

	LGE
	Support option 1

	Apple
	We support option 1. The propagator model used by UE is up to UE implementation, and we could use different assumptions of propagator models to derive the requirement (minimum requirement is based on the most conservative implementation of propagator model rather than the best one), but it’s not necessarily required to explicitly specify the model inside requirement. We don’t understand if we use the most conservative model for minimum requirement design why UE cannot pass test by using a better model.

	Nokia
	Option 2.

	CATT
	We think the model is up to UE implementation. But RAN4 needs to define the reference for testing. So option 2 is supported. 



Issue 1-5: The clarification on reference timing adjustment for UE transmit timing.
· Option 1: (Xiaomi)
· The change of reference timing for UE UL transmit timing due to RTT change should be excluded from the timing accuracy requirements, e.g. gradual timing adjustment requirement.
· Option 2: (Qualcomm)
· Downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
· Option 3: (Intel)
· The reference timing of the UE adjustments is specified as the DL timing of the cell before open loop compensation.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	The reference timing should be adjusted according to the update of NTA,UE-specific and NTA,common which is changing over time, and we think this reference timing adjustment should not be accounted in gradual timing adjustment accuracy requirements.

	Huawei
	Gradual timing adjustment requirements are defined based on the adjustment of UE UL transmit timing. However, the magnitude of UL timing change shall combine both open loop TA change (common TA and UE specific TA) and downlink timing change, which will also cause the reference timing change.

	Ericsson
	Option 1.

	Qualcomm
	The issue is already resolved by the agreement made in GTW.
· Agreement:
· The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the downlink timing of the reference cell. 

Option 2 tries to further clarify the definition of “downlink timing of the reference cell” which is not limited to Gradual timing adjustment requirement but also applies to all UL timing requirements.

	CMCC
	Option 1

	THALES
	Option 2

	Apple
	Follow the GTW conclusion:
· The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the downlink timing of the reference cell. 


	CATT
	By our understanding, these 3 options are not exclusive. The reference timing has been agreed in GTW. 



Issue 1-6: Double correction issue related to combination of open and closed loop TA control.
· Option 1: (CATT, MTK)
· Double correction issue can be addressed by defining NTN UE initial timing accuracy requirement for all UL transmissions.
· Option 2 : (Apple, Qualcomm, ZTE, Xiaomi, LGE, Intel, CMCC, Huawei)
· Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	Support option 2. As discussed in additional round for thread#213 in RAN4#101bis-e meeting, the double correction issue occurs when UE does not update its position at a reasonable rate in limit case, e.g. UE velocity is relative high. This double correction operation can be considered as a timing error when UE updates its GNSS position after the new TAC command reception. And we think this timing error can be addressed under the framework of gradual timing adjustment requirement with some clarification, e.g. the amount of gradual timing adjustment includes the amount of the unexpected DL reception timing jump and the timing error due to double correction issue.

	Huawei
	We support option 2.
Option 1 is based on the assumption that UE is able to maintain Te requirements for all UL transmissions. Option 1 requires UE to be able to update UE position for each UL transmission. However, UE usually will not perform UE positioning so frequently. Gradual timing adjustment is still needed.

	THALES
	We support Option 2

	ZTE
	Option 2.

	Apple
	Follow GTW conclusion

	CATT
	Agree GTW conclusion



Issue 1-7: Gradual timing adjustment requirement
· Option1: (Apple)
· The Tp_NTN/Tq_NTN of gradual timing adjustment accuracy requirement for NTN UE is same as legacy TN requirement:
· When the transmission timing error between the UE and the reference timing exceeds Te_NTN then the UE is required to adjust its timing to within Te_NTN. The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
· 1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
· 2)	The minimum aggregate adjustment rate shall be Tp_NTN per second.
· 3)	The maximum aggregate adjustment rate shall be Tq_NTN per 200 ms.
Where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in following table.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN 
	Tp_NTN

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	NA
	NA

	NOTE:	Tc is the basic timing unit defined in TS 38.211 



· Option 2: (Qualcomm)
· To address Gradual Timing Adjustment and Double Correction issue, the current gradual timing adjustment requirement is updated as below:
· When a transmission timing interval from the previous transmission to the current transmission differs from absolute value of “slot_length*(number of slots between the two transmissions) – 0.5*TA_c + 0.5*TA_p” by more than 2*Te_NTN, all adjustments made to the current transmission timing apart from “slot_length*(number of slots between the two transmissions) – 0.5*TA_c + 0.5*TA_ p” shall follow these rules:
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
· The minimum aggregate adjustment rate shall be Tp per second.
· The maximum aggregate adjustment rate shall be Tq per 200 ms.
· Where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
· TA_p is the amount of timing advance applied in the previous uplink transmission, which is derived based on the previous UE position, satellite position, and N_TA,common.
· TA_c is the amount of timing advance derived based on the current UE position, satellite position, and N_TA,common before applying it to the current uplink transmission.
· Option 3: (Xiaomi)
· The amount of gradual timing adjustment accuracy requirement applies to the following timing inaccuracy:
· The unexpected DL reception timing jump
· Timing inaccuracy when UE does not update its position at a reasonable rate
· The gradual timing adjustment requirements for NR NTN UE are specified as follows:
· 1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 13.5Ts.
· 2)	The minimum aggregate adjustment rate shall be Tp_NTN = 13.5Ts per second.
· 3)	The maximum aggregate adjustment rate shall be Tq_NTN = 13.5Ts per 200 ms.
· Where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in Table 1
Table 21: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	13.5*64*Tc
	13.5*64*Tc

	
	30
	13.5*64*Tc
	13.5*64*Tc

	
	60
	N.A
	N.A

	NOTE:	Tc is the basic timing unit defined in TS 38.211



· Option 4: (ZTE)
· Relax the gradual timing adjustment requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.

· Option 5: (LGE)
· Reuse existing gradual timing adjustment requirements.
· The UE specific TA update could be UE implementation as long as the timing requirements are met. However, at least the UE specific TA should be updated before uplink transmission as UE behavior.

· Option 6: (CMCC)
· Further relax the gradual timing adjustment requirements based on the baseline method
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	9*64*Tc
	5.5*64*Tc

	
	30
	9*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

	NOTE:	Tc is the basic timing unit defined in TS 38.211



· Option 7: (Huawei)
· For NTN UE, we suggest to define the gradual timing adjustment requirements according to the timing drift due to UE movements.
· It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN UE.
· Table 1: Timing drift due to UE movement for NTN network
	Parameters
	Values

	Frequency range
	FR1

	UL SCS
	15kHz
	15kHz
	15kHz

	BWmin
	5MHz
	5MHz
	10MHz

	Sampling interval
	4Ts
	4Ts
	2Ts

	Timing drift due to 0.1ppm frequency error (per 200ms)
	20ns
	20ns
	20ns

	Max UE speed
	1200 km/h
	1200 km/h
	1200 km/h

	Max delay variation due to UE movement (per 200ms)
	222.22 ns
	222.22 ns
	222.22 ns

	Max downlink timing drift due to UE movement and frequency error (per 200ms)
	242.22 ns
	242.22 ns
	242.2 ns

	Max TA variation due to UE movement per 200ms
	444.44 ns
	444.44 ns
	444.44 ns

	Tq for combining downlink timing drift and TA variation 
	w/o DigRF error
	242.22 ns
(8Ts)
	242.22 ns
(8Ts)
	242.2 ns
(8Ts)

	
	w/ DigRF error
	9.5Ts
	9.5Ts
	9.5Ts

	Note 1: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)
Note 2: DigRF error is assumed as 1.5Ts.



· Option 8: (Ericsson)
· Keep existing gradual timing adjustment requirements for the closed loop terms .

· Option 9: (CATT, MTK)
· Not define gradual timing adjustment requirements for NTN UE.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	Option 3, we think the Tp and Tq for NTN should be relaxed. Since the UE initial transmission error requirement for NTN was agreed to be relaxed from 12Ts to 29Ts for 15KHz SCS case, so, we think the gradual timing adjustment requirement, e.g. Tp and Tq should be relaxed accordingly based on the legacy gradual timing adjustment requirement (5.5Ts), otherwise, UE may not be able to timely adjust its uplink timing.

	Huawei
	We suggest to define relaxed gradual timing adjustment requirements for NTN UE.
For NTN UE, the timing drift includes two parts: due to serving satellite movement and due to UE movement. The timing drift due to serving satellite movement can be expected and pre-compensated by assistance information from the network. The timing drift due to UE movement is unexpected, and gradual timing adjustment needs to be performed. For NTN UE, UE speed is up to 1200km/h, which is higher than the assumed UE speed (250km/h) for TN. The gradual timing adjustment requirements need to be relaxed for NTN UE. Option 7 is suggested based on UE speed up to 1200km/h.

	Qualcomm
	We would like to update Option 2 as below. The updated version is very similar with Option 1 and the difference is highlighted in red which is to further clarify “All adjustments made to the UE uplink timing shall follow these rules.” With the changes, we can exclude TA change due to satellite position update and N_TA,common and keep the same rate control values as the legacy gradual timing adjustment requirement.

Updated Option 2:
· When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)xTc before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1. The maximum amount of the magnitude of the timing change, apart from a change of (NTA,UE-specific+NTA,common) between the previous transmission and the current transmission, in one adjustment shall be Tq.
2. The minimum aggregate adjustment rate, apart from a change of (NTA,UE-specific+NTA,common) during the last one second, shall be Tp per second.
3. The maximum aggregate adjustment rate, apart from a change of (NTA,UE-specific+NTA,common) during the last 200ms, shall be Tq per 200 ms.
4. where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.

In Figure 3, impacts on UE uplink transmission timing due to a propagation path change (a motivation of gradual timing adjustment requirement) and a low frequency of UE position update (e.g. relatively slot GNSS fix reading frequency compared to UE mobile speed) are compared. As can be seen from the illustration on the right hand side of Figure 3-A, LoS path blocking can be equivalently modeled as UE position estimation error which is a similar impact with a non-ideal GNSS fix update in mobile environment as shown in Figure 3-B.

[image: ]
Fig 3-A. Impact on UE uplink transmission timing due to propagation path change

[image: ]
Fig 3-B. Impact on UE uplink transmission timing due to non-ideal GNSS fix update, i.e. low frequency of UE position update

In such a case, the impact on UL transmission timing is illustrated in Figure 4. When we look at the TA jump from TA_p to TA_c, “propagation delay change due to satellite position update and N_TA,common change made form slot N-1 to slot N” is included as well as timing error due to “propagation path blocking” or “accumulated error due to stale UE position”. As the error that is unknow to NW, hence, regulated by gradual timing adjustment requirement is the latter (timing error due to “propagation path blocking” or “accumulated error due to stale UE position”), we are excluding “propagation delay change due to satellite position update and N_TA,common change made form slot N-1 to slot N” from the regulated rate control components by adding red text to three sub-bullets.
[image: ]
Fig 4. A gradual uplink transmission timing adjustment when a time interval between two adjacent uplink transmissions is larger than a certain threshold
It is also demonstrated that the proposal can address Double correction issue.
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Fig 5-A. A progression of UE uplink transmission timing error when GNSS update period is 10sec

[image: ]
Fig 5-B. A progression of UE uplink transmission timing error when GNSS update period is 5sec

[image: ]
Fig 5-C. A progression of UE uplink transmission timing error when GNSS update period is 3sec


	Ericsson
	If we look at the updated option 2 from Qualcomm, then the original statement “apart from a change of (NTA,UE-specific+NTA,common)” would allow the UE GNSS position error to become unlimited.
The updated option 2 from Qualcomm + The UE GNSS position accuracy is 50 meters from true position, becomes the Ericsson proposal in our tdoc R4-2205420. If we add a UE GNSS position accuracy of 50 meters as a requirement, then updated option 2 is fine for us.
Another option would be “The maximum amount of the magnitude of the timing change, excluding change of NTA,UE-specific due to predicted satellite position + NTA,common, between the previous transmission and the current transmission, in one adjustment shall be Tq”. If we state specification like this then UE GNSS position error becomes regulated by gradual adjustment and only the predictable components (NTA,UE-specific due to predicted satellite position + NTA,common) are excluded. We still think that UE GNSS position accuracy of 50 meters should be added, also if we assume this text.


	Qualcomm2
	Thank Ericsson for the suggestion. Thank Intel for the good question for clarification during GTW.
We agree that the change of the first term (NTA,UE-specific) should be clarified that it is only related to satellite position update over a certain period of time as below:
· (NTA,UE-specific+NTA,common) => NTA,UE-specific due to satellite position update and NTA,common

With this, we update Option 2 as follows:
· Option 2: 
· The maximum amount of the magnitude of the timing change, apart from a change of NTA,UE-specific due to satellite position update and NTA,common between the previous transmission and the current transmission, in one adjustment shall be Tq.
· The minimum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last one second, shall be Tp per second.
· The maximum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last 200ms, shall be Tq per 200 ms.
· where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.

And the following statement from Ericsson is exactly in line with the intent of “apart from ~” in Option 2.
· If we state specification like this then UE GNSS position error becomes regulated by gradual adjustment and only the predictable components (NTA,UE-specific due to predicted satellite position + NTA,common) are excluded.

Regarding the following comment, it is okay with us to add a note for that. As excerpted below, 50m of 2-D position error was already agreed to define UE initial timing accuracy requirement. Therefore, we do not see an issue with the note although it can’t be directly verified for NTN. Note that GNSS requirements can be already tested separately based on TS38.171 as needed although the test has not thing to do with NTN.

· UE GNSS position accuracy of 50 meters should be added

Agreements made in one of previous RAN4 meetings:
· For UL SCS = 15 kHz and 30 kHz: 2-D position error is 50m
· Use 50m of 2-D position error defined in scenario of moving scenario and periodic update in section 6.5 TS 38.171 as the side condition for Te_NTN requirement.

Regarding Tq_NTN and Tp_NTN relaxation, we do not agree with any relaxation. Again, the slew-rate control based gradual timing adjustment requirement will be a unified requirement that addresses both ‘propagation path blocking’ and ‘double correction’. If we relax the requirement unnecessarily, it will just make the requirement pointless in most cases. Furthermore, a less GNSS fix update or UE position update at such a high speed is not really convincing to us.

· The maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table below.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN 
	Tp_NTN

	1
	15
	[5.5 to 9.5]*64*Tc
	[5.5 to 13.5]*64*Tc

	
	30
	[5.5 to 9.5]*64*Tc
	[5.5 to 13.5]*64*Tc

	
	60
	NA
	NA

	NOTE:	Tc is the basic timing unit defined in TS 38.211 




	CMCC
	For the updated Option 2, we have following comment:
How to deal with the timing jump caused by NTA,UE-specific update?
Based on our current understanding, we think the GNSS accuracy 50m is different thing from GNSS update. For UE which have rather high velocity, and the GNSS update rate is low, following the current requirement, UE can’t adjust its UL timing within Te_NTN. Therefore, we still prefer to relax the Tq_NTN to 9.5. 
To move forward, we can give our compromise with the following premise:
· GNSS accuracy 50m means that the error between real UE location and GNSS results is always in 50m.

	MTK
	We support to reuse the legacy Tq/Tp value for Tq_NTN and Tp_NTN. 

	Qualcomm3
	To answer CMCC’s question “How to deal with the timing jump caused by NTA,UE-specific update?”:
The whole idea of the proposal is “split a large error caused by UE position error mainly due to a low frequency of GNSS fix reading into multiple pieces and correct it gradually” because that is the only factor unknow to NW. Otherwise, both NW and UE may correct the same error two times.

To respond to the following comment from Xiaomi via email thread:
· “Regarding the value for Tq and Tq, we still think the relaxed values should be considered, since Te_NTN is relaxed from 12Ts to 29Ts for 15KHz SCS case by taking into account the GNSS inaccuracy, so the Tp and Tq should be relaxed accordingly based on current value, i.e. 5.5Ts, otherwise, UE may not be able to adjust timely its uplink timing.”

We are not too negative to relaxing Tp and Tq values, but it is up to how much relaxation we want. If this is, e.g. 10% of UE GNSS position error that was assumed for  Te_NTN (which is 0.5Ts), we can consider it. But technically we believe the gradual timing adjustment due to stale GNSS fix has not much to do with GNSS fix error because this is relative correction compared to the previous transmission, hence, the same UE position error included in the preceeding and current transmissions is effectively ignored. Moreover, as you can see from our simulation results below, the impact of double correct is alleviated when UE applies lower values than Tq and Tp. The current Tp and Tq can still suppress the fluctuation of timing error and confine it within a proper range.
[image: ]

	THALES
	We support updated Option 2 

	LGE
	We are fine with updated option 2 by QC, and prefer to reuse legacy Tq,Tp.

	Xiaomi2
	As commented in email thread, and we tend to agree with QC’s observation the UE position error may not have much impact on Tq and Tp value. Just one question for clarification, what is assumption for UE velocity in the simulation results as shown in below? And if the existing Tq and Tp value is reused as your proposed, does this requirement apply to the UE with high velocity (higher than a threshold). Since we still have some concern on whether the existing Tq and Tp value is ok or not for the UE with high velocity, e.g. for ATG UE (in my understanding, ATG should be in scope of  Rel-17 NTN), and the velocity can be up to 1200Km/h, UE may not be able to adjust timely its UL timing. 

	Apple
	Our original proposal is option 1 (we also support it now), since we assume UE doesn’t need to adjust its Tx timing immediately after UE specific TA  and TA common update(previous closed-loop TA has helped UE to compensate it already) but only update on the reference timing, and then the adjustment pace is still follow the legacy Tp/Tq. If the UE gradual timing adjustment pace is too fast or too low, network can still use closed-loop TA to control UE timing efficiently.
Based on the email discussion and QC’s explanation, we could also compromise to updated option 2, since we agree this updated option 2 could also address the double-correction issue. UE could calculate the satellite position and TA common by itself without any measurement, it’s also possible for UE to adjust Tx timing by new calculated satellite position and TA common in a gradual manner (slot to slot, or with a small update periodicity).
Regarding the Tq/Tp value, we are fine with either following existing TN requirement or considering high speed UE as proposed by HW.



Issue 1-8: UE behaviour for gradual timing adjustment for NTN UE.
· Option 1: 
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: (Apple, CATT, CMCC)
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	Option 1, in my understanding the update of UE specific TA should be accounted in the update of the reference timing other than in gradual timing adjustment accuracy requirement. If the UE specific TA is adjusted with the adjustment of DL reception timing drifting, the “double correction” issue occurs for UE specific TA.

	Huawei
	We support option 2.

	Ericsson
	Option 2.

	Qualcomm
	Agree with Option 2, but anyway what the requirement spec will be left with is UE requirement not the behavior.

	CMCC
	Option 2

	THALES 
	We support Option 2

	Apple
	Option 2

	CATT
	Option 2. 



Issue 1-9: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: 
· Yes
· Option 2: (CATT, Xiaomi, CMCC)
· No
· Recommended WF
· The maximum delay variation for the round trip delay should not be considered in the gradual timing adjustment requirement.
	Company
	Comments

	XXX
	

	Xiaomi
	Option 2

	Huawei
	We can agree with option 2, since most part of the delay variation can be calculated and pre-compensated.

	Ericsson
	The WF is fine (option 2).

	Qualcomm
	Option 2.

	CMCC
	Option 2

	MTK
	Option 2

	THALES 
	Support Option 2

	ZTE
	Agree with the recommended WF.

	LGE
	Option 2.

	Apple 
	Fine with recommended WF.

	CATT
	Agree recommended WF. 



Issue 1-10: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: 
· Yes
· Option 2 : (CATT, Xiaomi, CMCC, [MTK])
· No
· Recommended WF
· The feeder link time drift should not be considered in the gradual timing adjustment requirement.
	Company
	Comments

	XXX
	

	Xiaomi
	Option 2

	Huawei
	The feeder link time drift due to serving satellite movement can be pre-compensated and not considered. But the feeder link time drift due to UE movement needs to be considered in the gradual timing adjustment requirements.

	Ericsson
	The WF if fine (option 2).

	Qualcomm
	Option 2.

	CMCC
	Option 2

	MTK
	Option 2.

	THALES
	We support Option 2

	ZTE
	Agree with the recommended WF.

	LGE
	Option 2.

	Apple 
	Fine with recommended WF.

	Nokia 
	Option 2.

	CATT
	Option 2. 



TA adjustment accuracy requirements
Issue 2-1: The additional conditions for NTN TA adjustment accuracy requirement..
· Option 1: (Apple, CATT)
· No need to introduce additional conditions for NTN TA adjustment accuracy requirement.
· Option 1a: (LGE)
· Reuse existing TA adjustment accuracy without additional condition if proper behaviorehaviour of UE specific TA update is specified in double correction issue.
· Option 1b: (Xiaomi)
· NTN TA adjustment accuracy requirement is only applied to closed loop TA control.
· Option 2: (Qualcomm)
· UE autonomous TA adjustment due to updates of UE position estimation, satellite position prediction, and feeder link time drift shall be excluded from the definition of TA adjustment error in response to TAC, i.e. “a relative accuracy to the signalled timing advance value compared to the timing of preceding uplink transmission” shall be modified to not include UE autonomous TA update due to satellite position update and N_{TA,common} update.
· The requirement applies only to a stationary UE.
· Recommended WF
· Companies are encouraged to provide the views on this issue. 
	Company
	Comments

	XXX
	

	Xiaomi
	Option 1 and 1b, no need to add additional conditions, but just add one clarification sentence that the NTN TA adjustment accuracy requirement is only applied to the closed-loop TA control. 

	Qualcomm
	The rationale behind our proposal (Option 2) is that open loop TA control should not be parts of TA adjustment error because UE is supposed to run open loop TA all the time as per RAN1 spec. For example, when UE is at a fixed position, anyway all components of open loop TA adjustment are known to NW.

	MTK
	We agree with the motivation in Option 2, it provides a good way to test TAC requirement. 

	LGE
	We are fine with option 1b. If correctly understanding, option1b and option 2 are the same intention. 
To QC, we are not sure that RAN1 spec has the behavior running open loop TA all the time.

	Apple
	Option 1 and 1b. We understand the option 2 and if the UE position, satellite position and TA common has update during the TAC adjustment delay time, those change of (UE position, satellite position and TA common) shall not counted into TAC verification. But those changes have been categorized to UE gradual timing adjustment, so we suggest to modify option 2 as:
UE gradual timing adjustment due to updates of UE position (Tp/Tq adjustment), satellite position, and TA common during the TAC adjustment delay time period shall be excluded from the definition of TA adjustment error in response to TAC.
In addition, we would like to confirm one point with companies if this is common understanding that: on the Tx slot when UE applies TAC, the gradual timing adjustment shall not be performed. 
Our reason is:
(1) If we follow the current TN requirement structure/assumption, when UE applies the close loop TA command, the gradual timing adjustment shall not be performed or required, as duplicated below from TS38.133,
When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied. 
(2) Now we agree to use gradual timing adjustment framework for double correction, which means gradual timing adjustment includes (Tp/Tq + satellite position update + TA common update) (we asked this question on email thread before and got confirmed)
Based on (1) + (2), we assume: on the Tx slot when UE applies TAC, the gradual timing adjustment shall not be performed.

	Nokia
	Option 2.

	CATT
	Option 1/1a/1b.



Issue 2-2: The margin to accommodate UE autonomous open loop TA pre-compensation.
· Option 1: (Apple, CATT, Xiaomi)
· No need to consider margin for UE autonomous open loop TA pre-compensation.
· Option 2: (Qualcomm)
· To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin shall be extended by [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m)
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXX
	

	Xiaomi
	Option 1.

	Huawei
	Support option 1.
TA adjustment accuracy requirements only to consider the margin of implementing NTA value.

	Ericsson
	Option 1.

	Qualcomm
	Support Option 2 because UE may be updating TA based on updated GNSS fix at any given time which may not be always perfect, e.g. UE position error within 5m can be observed depending on circumstances. So the idea of Option 2 is not to penalize UE reading GNSS fix frequently.

	CMCC
	Option 1.

	MTK
	To move forwards, could we add clarification in core spec such as the uncertainty due to UE position estimation error was not taken in to account in the TA adjustment error, and this error margin can be added and discussed in the test discussion.  

	THALES
	Support Option 2

	ZTE
	Support option 1.

	LGE
	Prefer option 1

	Apple
	Option 1.

	Nokia 
	Option 2.

	CATT
	Option 1. 



CRs comments collection for 1st round 
	CR/TP number
	Comments collection

	R4-2204187
MediaTek
Timing advance requirement for NTN
	Company AEricsson: We should remove FR2 i.e. 60 and 120 kHz. At least 120 kHz. There is NO FR2 in NTN in R17. Also wrong table number and reference to it (Table 7.3.2.2-1: ) - consequence of copy past
We suggest to use ‘satellite access’ rather than NTN. NTN is a very broad term and we also have HAPS. This means, for example ‘Timing advance for NTN’ becomes ‘Timing advance for NTN satellite access’

	
	Company B

	
	

	
	

	
	

	R4-2204239
Xiaomi
UE timer accuracy for NR NTN 
	Company AEricsson: We suggest to use ‘satellite access’ rather than NTN. 

	
	Company B

	
	

	
	

	
	

	R4-2205330
Huawei
UE transmit timing requirements for NTN
	Company AEricsson: In section 7.1B.2.1 we prefer to keep existing gradual adjustment requirements for closed loop only and use a 50 m UE position requirement for open loop.

In 7.1B.1 CR states “For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG.”, but there is no CA and DC for NTN. There is only PCell.
In CR section 7.1B.2: “The value of NTA-offset depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). NTA-offset is defined in Table 7.1.2-2.”,  This is wrong. NTN supports only 2 FDD bands. we cannot refer to any duplex mode and NTA_offset.
We suggest to use ‘satellite access’ rather than NTN. 

	
	Company B

	
	

	
	

	
	




Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
UE transmit timing requirements
Issue 1-1: Requirement of initial transmit timing error (Te_NTN).
	
	Status summary 

	Issue 1-1
	· Option 1: (CATT, CMCC)
· The [29]*64*Tc and [24]*64*Tc requirements are relaxed unnecessary, and should be reduced suitably. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz.
· Option 2: (Xiaomi, Huawei, Ericsson, Qualcomm, CMCC, MTK, THALES, ZTE, Apple, Nokia, CATT)
· Keep the agreements in RAN4#101e meeting, and remove the square brackets.
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[29]*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	[24]*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

	NOTE:	Tc is the basic timing unit defined in TS 38.211


All the companies are fine with option 2.
Tentative agreements:
· Remove the square brackets for Te_NTN requirement
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

	NOTE:	Tc is the basic timing unit defined in TS 38.211



Recommendations for 2nd round:
· No further discussion in the 2nd round



Issue 1-2: The clarification on NTA,UE-specific and NTA,common.
	
	Status summary 

	Issue 1-2
	· Option 1: (Apple, Huawei, Ericsson, ZTE, LGE)
· Use the definition agreed in RAN1 for NTA,UE-specific and NTA,common, and no need to have additional clarification on NTA,UE-specific and NTA,common.
· Option 1a: (ZTE)
· Reuse RAN1 definition of  NTA,common for RRM requirements.
· Option 2: (Qualcomm, THALES)
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Option 3: (CATT)
· The NTA,common is signal to UE by network, and additional clarification is not needed.
· The NTA,UE-specific can be further clarified as it contains two times of propagate delay of from UE transmit signal to satellite received it and UE’s prediction.
· Option 4: (CMCC, Xiaomi)
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
· Option 5: (Huawei)
· NTA,UE-specific is defined as the TA value used to pre-compensate the two-way propagation delay between the serving satellite and the UE. The one-way propagation delay between the serving satellite and the UE is calculated by using the UE location and the serving satellite location. The serving satellite location is expected to be derived from the serving satellite ephemeris indicated by network.
· NTA,common is defined as the TA value used to pre-compensate the two-way transmission delay between the uplink time reference point and the serving satellite. The one-way transmission delay between the uplink time reference point and the serving satellite () is calculated as follows:

Where:
· TACommon, TACommonDrift and TACommonDriftVariation, are common TA parameters indicated in SIB of the reference cell.
· When a SFN and a sub-frame number are provided through the SIB or dedicated signaling, tepoch is the starting time of the corresponding DL sub-frame. Otherwise, tepoch is the end of the SI window during which the SI message is transmitted.
· t is the starting time of the DL slot on which NTA,common is applied.
· It is assumed that UE is able to update the value of NTA,common for each subframe.
· It is assumed that UE is able to calculate the serving satellite location for each subframe.
· It is assumed that UE is able to update the value of NTA,UE-specific  for each subframe, which is calculated based on the serving satellite location for this subframe and the latest estimated UE location, which leads that the estimation error of NTA,UE-specific will not exceed the UE moving distance during one update periodicity divided by the speed of light.
· Option 6: (Ericsson)
· All adjustments made to the UE uplink timing, for N_(TA,UE-specific) shall follow this rule:
· 1)	The UE GNSS position accuracy is 50 meters from true position.
After 1st round email discussion, companies’ views are still quite diverse, in order to move forward, it is proposed to down-select option 1, 2 and 4 for further discussion according to companies’ supporting.
Candidate options:
· Option 1: (Apple, Huawei, Ericsson, ZTE, LGE)
· Use the definition agreed in RAN1 for NTA,UE-specific and NTA,common, and no need to have additional clarification on NTA,UE-specific and NTA,common.
· Option 2: (Qualcomm, THALES)
· A time reference for the UL transmit timing requirement is the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
· Option 4: (CMCC, Xiaomi)
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
Recommendations for 2nd round:
· Continue the discussion based on the candidate options in the 2nd round.



Issue 1-3: The clarification on downlink timing of the reference cell.
	
	Status summary 

	Issue 1-3
	· Option 1: (Apple, Xiaomi, Huawei, Ericsson, CMCC, ZTE, LGE, CATT)
· Downlink timing of the reference cell is defined same as legacy TN timing requirement.
· Option 2: (Qualcomm, THALES)
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Option 3: (CATT)
· For downlink timing of reference cell, additional clarification is not needed.
· Option 4: (Huawei)
· It is assumed that UE is able to update its downlink reception timing for each subframe according to the estimated common TA and the estimated UE specific TA for this subframe.
After 1st round email discussion, Majority companies support option 1, in order to move forward, it is proposed to agree option 1, and FFS on the clarification on the slot index for the downlink reference timing, companies are encouraged to focus on the FFS part in the 2nd round.
Tentative agreements:
· Downlink timing of the reference cell is defined same as legacy TN timing requirement.
· FFS on the clarification on the slot index for the downlink reference timing.
Recommendations for 2nd round:
· Continue the discussion whether the clarification on the slot index for the downlink reference timing is needed or not.



Issue 1-4: The clarification on propagator model used to define the reference timing in UE UL timing requirements.
	
	Status summary 

	Issue 1-4
	· Option 1: (Apple, Xiaomi, Huawei, CMCC, ZTE, LGE)
· Propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement.
· Option 2: (Qualcomm, Ericsson, THALES, Nokia, CATT)
· Eckstein-Hechler based propagator model can be used to define the reference timing in UE UL timing requirements.
After 1st round email discussion, 6 companies support option 1 and 5 companies support option 2, companies are encouraged to continue the discussion in the 2nd round.
Candidate options:
· Option 1: (Apple, Xiaomi, Huawei, CMCC, ZTE, LGE)
· Propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement.
· Option 2: (Qualcomm, Ericsson, THALES, Nokia, CATT)
· Eckstein-Hechler based propagator model can be used to define the reference timing in UE UL timing requirements.
Recommendations for 2nd round:
· Continue the discussion based on above candidate options in the 2nd round.



Issue 1-5: The clarification on reference timing adjustment for UE transmit timing.
	
	Status summary 

	Issue 1-5
	· Option 1: (Xiaomi)
· The change of reference timing for UE UL transmit timing due to RTT change should be excluded from the timing accuracy requirements, e.g. gradual timing adjustment requirement.
· Option 2: (Qualcomm)
· Downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
· Option 3: (Intel)
· The reference timing of the UE adjustments is specified as the DL timing of the cell before open loop compensation.
Some companies suggested to follow the agreements in the GTW.
· The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the downlink timing of the reference cell. 
And there is no need to have further discussion in the 2nd round discussion, and this issue can be closed.
Recommendations for 2nd round:
· No further discussion in the 2nd round.



Issue 1-6: Double correction issue related to combination of open and closed loop TA control.
	
	Status summary 

	Issue 1-6
	 Agreements in GTW session:
· Double correction issue shall be taken into account in the gradual timing adjustment accuracy requirement.
Recommendations for 2nd round:
· No further discussion in the 2nd round.



Issue 1-7: Gradual timing adjustment requirement.
	
	Status summary 

	Issue 1-7
	 Agreements in GTW session:
· When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. 
· The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the downlink timing of the reference cell. 
· All adjustments made to the UE uplink timing shall follow these rules:
· Option 1: 
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
· The minimum aggregate adjustment rate shall be Tp per second.
· The maximum aggregate adjustment rate shall be Tq per 200 ms.
· Option 2: 
· The maximum amount of the magnitude of the timing change, apart from a change of (NTA,UE-specific+NTA,common) between the previous transmission and the current transmission, in one adjustment shall be Tq.
· The minimum aggregate adjustment rate, apart from a change of (NTA,UE-specific+NTA,common) during the last one second, shall be Tp per second.
· The maximum aggregate adjustment rate, apart from a change of (NTA,UE-specific+NTA,common) during the last 200ms, shall be Tq per 200 ms.
· where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
· The maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table below.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN 
	Tp_NTN

	1
	15
	[5.5 to 9.5]*64*Tc
	[5.5 to 13.5]*64*Tc

	
	30
	[5.5 to 9.5]*64*Tc
	[5.5 to 13.5]*64*Tc

	
	60
	NA
	NA

	NOTE:	Tc is the basic timing unit defined in TS 38.211 


After the GTW session discussion, the interested  companies continue the discussion in email thread#221, and many companies support the updated option 2 as follows:
· The maximum amount of the magnitude of the timing change, apart from a change of NTA,UE-specific due to satellite position update and NTA,common between the previous transmission and the current transmission, in one adjustment shall be Tq.
· The minimum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last one second, shall be Tp per second.
· The maximum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last 200ms, shall be Tq per 200 ms.
· where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Candidate options:
· When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. 
· The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the downlink timing of the reference cell. 
· All adjustments made to the UE uplink timing shall follow these rules:
· Tentative agreements: 
· The maximum amount of the magnitude of the timing change, apart from a change of NTA,UE-specific due to satellite position update and NTA,common between the previous transmission and the current transmission, in one adjustment shall be Tq.
· The minimum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last one second, shall be Tp per second.
· The maximum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last 200ms, shall be Tq per 200 ms.
· where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table.
· The maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table below.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq 
	Tp 

	1
	15
	[5.5 to 9.5]*64*Tc
	[5.5 to 13.5]*64*Tc

	
	30
	[5.5 to 9.5]*64*Tc
	[5.5 to 13.5]*64*Tc

	
	60
	NA
	NA

	NOTE:	Tc is the basic timing unit defined in TS 38.211 



Recommendations for 2nd round:
· Companies are encouraged to provide views on Tp and Tq values for NTN based on the candidate option.



Issue 1-8: UE behaviour for gradual timing adjustment for NTN UE.
	
	Status summary 

	Issue 1-8
	· Option 1: (Xiaomi)
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: (Apple, CATT, CMCC, Huawei, Ericsson, Qualcomm, CMCC, THALES, CATT)
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Majority companies support option 2, to move forward, it is proposed to agree option2.
Tentative agreements:
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Recommendations for 2nd round:
· No further discussion in the 2nd round.



Issue 1-9: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
	
	Status summary 

	Issue 1-9
	· Option 1: 
· Yes
· Option 2: (CATT, Xiaomi, CMCC, Huawei, Ericsson, Qualcomm, MTK, THALES, ZTE, LGE, Apple)
· No
All companies support option 2.
Tentative agreements:
· The maximum delay variation for the round trip delay is not considered in the gradual timing adjustment requirement.
Recommendations for 2nd round:
· No further discussion in the 2nd round.



Issue 1-10: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
	
	Status summary 

	Issue 1-10
	· Option 1: (Huawei)
· Yes
· Option 2: (CATT, Xiaomi, CMCC, MTK, Ericsson, Qualcomm, THALES, ZTE, Apple, Nokia)
· No
Majority companies support option 2. Only 1 company support option 1. To move forward, it is proposed to agree with option 2.
Tentative agreements:
· The feeder link time drift is not considered in the gradual timing adjustment requirement.
Recommendations for 2nd round:
· No further discussion in the 2nd round.



TA adjustment accuracy requirements
Issue 2-1: The additional conditions for NTN TA adjustment accuracy requirement.
	
	Status summary 

	Issue 2-1
	· Option 1: (Apple, CATT, Xiaomi)
· No need to introduce additional conditions for NTN TA adjustment accuracy requirement.
· Option 1a: (LGE, CATT)
· Reuse existing TA adjustment accuracy without additional condition if proper ehaviour of UE specific TA update is specified in double correction issue.
· Option 1b: (Xiaomi, LGE, Apple, CATT)
· NTN TA adjustment accuracy requirement is only applied to closed loop TA control.
· Option 2: (Qualcomm, MTK, Nokia)
· UE autonomous TA adjustment due to updates of UE position estimation, satellite position prediction, and feeder link time drift shall be excluded from the definition of TA adjustment error in response to TAC, i.e. “a relative accuracy to the signalled timing advance value compared to the timing of preceding uplink transmission” shall be modified to not include UE autonomous TA update due to satellite position update and N_{TA,common} update.
· The requirement applies only to a stationary UE.
1 company think option 1b and option 2 has the same intention. 1 company suggest to modify option 2 as follows:
Updated option 2:
· UE gradual timing adjustment due to updates of UE position (Tp/Tq adjustment), satellite position, and TA common during the TAC adjustment delay time period shall be excluded from the definition of TA adjustment error in response to TAC.
· FFS on whether the gradual timing adjustment shall not be performed on the Tx slot when UE applies TAC.
Candidate options:
· Option 1: 
· UE autonomous TA adjustment due to updates of UE position estimation, satellite position prediction, and feeder link time drift shall be excluded from the definition of TA adjustment error in response to TAC, i.e. “a relative accuracy to the signalled timing advance value compared to the timing of preceding uplink transmission” shall be modified to not include UE autonomous TA update due to satellite position update and N_{TA,common} update.
· The requirement applies only to a stationary UE.
· Option 2: 
· UE gradual timing adjustment due to updates of UE position (Tp/Tq adjustment), satellite position, and TA common during the TAC adjustment delay time period shall be excluded from the definition of TA adjustment error in response to TAC.
· FFS on whether the gradual timing adjustment shall not be performed on the Tx slot when UE applies TAC.
Recommendations for 2nd round:
· Continue the discussion based on the candidate options in the 2nd round.



Issue 2-2: The margin to accommodate UE autonomous open loop TA pre-compensation.
	
	Status summary 

	Issue 2-2
	· Option 1: (Apple, CATT, Xiaomi, Huawei, Ericsson, CMCC, ZTE, LGE)
· No need to consider margin for UE autonomous open loop TA pre-compensation.
· Option 2: (Qualcomm, Nokia)
· To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin shall be extended by [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m)
8 companies support option 1, 2 companies support option 2, and one company suggest this error margin can be added and discussed in test discussion.
Candidate options:
· Option 1: (Apple, CATT, Xiaomi, Huawei, Ericsson, CMCC, ZTE, LGE)
· No need to consider margin for UE autonomous open loop TA pre-compensation.
· Option 2: (Qualcomm, Nokia)
· To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin shall be extended by [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m)
Recommendations for 2nd round:
· Continue the discussion based on candidate options in the 2nd round.
· Companies are encouraged to provide views on the following sentence:
· The margin for TA adjustment accuracy can be added and discussion in test design.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	
	

	
	

	
	



Discussion on 2nd round (if applicable)
UE transmit timing requirements
Issue 1-2: The clarification on NTA,UE-specific and NTA,common.
· Option 1: (Apple, Huawei, Ericsson, ZTE, LGE)
· Use the definition agreed in RAN1 for NTA,UE-specific and NTA,common, and no need to have additional clarification on NTA,UE-specific and NTA,common.
· Option 2: (Qualcomm, THALES)
· A time reference for the UL transmit timing requirement is the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
· Option 4: (CMCC, Xiaomi)
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
· Recommendations for 2nd round:
· Continue the discussion based on the candidate options in the 2nd round.
	Company
	Comments

	Qualcomm
	We don’t really understand what Option 1 really means. Option 2 is not proposing to change the definition of NTA,UE-specific and NTA,common in RAN1. Does Option 1 propose to use a true position of satellite when we measure UE UL transmission timing accuracy which in turn means any inaccuracy in UE UL transmission timing due to quantized and stale Ephemeris information shall be also part of UE performance? The same question for Option 4 too.
And for the second bullet of Option 4, please see our diagram again. When UE UL transmission arrives at the satellite is different from the position when the associated DL slot from gNB arrives at the satellite.

[image: ]
Fig 1. Reference system model of timing relation between UE and UL timing synchronization reference point in NTN

[image: ]
Fig 2. Timing Relation between UE DL Reception and UE UL Transmission


	Apple
	We support option 1. The entire reference timing concept in timing requirement is a UE side UL timing target, which might not be ideal but it’s based on UE best knowledge. All the components in the reference timing determination are inside UE but nothing to do with the UL arrival time at satellite side, according to the fundamental definition of reference timing for Tx timing requirement from R15 NR.

	Xiaomi
	Support option 1.

	CMCC
	@Apple: We are not sure about how to understand “reference timing is based on UE best knowledge”. Following this logic, two UEs with different GNSS accuracy will have difference reference timing, even they are in same location, have same serving satellite and gNB, and have same downlink timing. This may be work with Te requirement, however, we have already relaxed the Te to Te_NTN. If the GNSS error also be counted in reference timing, the GNSS error will be counted twice in the whole requirement.
@QC: 
First, about your question “Does Option 1 propose to use a true position of satellite when we measure UE UL transmission timing accuracy which in turn means any inaccuracy in UE UL transmission timing due to quantized and stale Ephemeris information shall be also part of UE performance? The same question for Option 4 too.
”
We have already agreed that 
· The ephemeris information is valid at UE side when the NTN ephemeris validity timer(s) for timing information related parameters
· RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.
Therefore, inaccuracy in UE UL transmission timing due to stale Ephemeris information shouldn’t be part of UE performance, and Option 4 also means it. 
However, we believe the error from calculation model is counted in Te_NTN, or else, we don’t understand why Te_NTN should be relaxed to 29Ts. The margin between Te and Te_NTN is 17Ts, which is far more than Te_GNSS≈10.5Ts. This part of error shouldn’t be counted in reference timing again.
Second, about the reference timing for NTA,UE-specific and NTA,common, we are open to have more discussion.

	LGE
	We support option 1

	Huawei
	We support option 1.

	Ericsson
	Option 1.

	Apple 
	To CMCC,
The reference time in core requirement is a reference timing based on UE estimation but not an ideal value, and this reference timing is used by UE itself to determine if it shall perform the gradual timing adjustment or not, e.g., in TN requirement:
When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. 
However, the reference timing you mentioned is a reference timing point (ideal Ref-timing) to test this UE, and UE need to meet ‘ideal Ref-timing’ - ‘UE estimated ref timing’≤ Te_NTN. The ideal Ref-timing is without GNSS error, but UE estimated ref timing are with GNSS error. In your example, two UEs at same GNSS location can have different UE estimated ref timing to determine their own Tx timings and determine their gradual timing adjustments. But when we go to test case, TE would use the ideal Ref-timing without GNSS error to check if each UE’s Tx timing based on its own ref-timing can meet Te_NTN requirement.

	CMCC2
	Thanks Apple for your clarification. 
We agree the reference timing we mentioned is the reference timing point to test this UE.
In core part, the spec has following wording:
The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ].
In test case part, the corresponding wording is:
Following will be the test sequence for this test
1) Setup NR PCell according to parameters given in Table A.6.4.1.1.1-1.
2)	After connection set up with the cell, the test equipment will verify that the timing of the NR cell is within (NTA + NTA_offset) ×Tc ± Te of the first detected path of DL SSB.
Therefore, we think the reference point in the core part is the ‘ideal Ref-timing’ as you mentioned.
If it is the common understanding that the reference point in core part is the ‘UE estimated ref timing’ as you mentioned, and TE would use the ‘ideal Ref-timing’ without GNSS error to check UE’s timing performance, then we can give our compromise, under the premise of add the clarification in the test requirements to clarify it. Such as
After connection set up with the cell, the test equipment will verify that the timing of the NR cell is within (NTA + NTA_offset +NTA,UE-specific + NTA,common) ×Tc ± Te_NTN of the first detected path of DL SSB. 
Note: The NTA,UE-specific and NTA,common is ideal value without any estimation or calculation error.

	Moderator
	Tentative agreement in 2nd round:
· Use the definition agreed in RAN1 for NTA,UE-specific and NTA,common;
· It is the common understanding that the NTA,UE-specific and NTA,common used to determine the reference timing are the estimated values.
· It is the common understanding that the NTA,UE-specific and NTA,common used to determine the reference timing are the ideal values without any estimated error in test design.

	Moderator2
	Skip above tentative agreement, and continue the discussion in performance part.



Issue 1-3: The clarification on downlink timing of the reference cell.
Tentative agreements:
· Downlink timing of the reference cell is defined same as legacy TN timing requirement.
· FFS on the clarification on the slot index for the downlink reference timing.
· Recommendations for 2nd round:
· Continue the discussion whether the clarification on the slot index for the downlink reference timing is needed or not.
	Company
	Comments

	Qualcomm
	The main bullet “Downlink timing of the reference cell is defined same as legacy TN timing requirement” means “Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.”
Therefore, we propose to use more explicit and clearer wording “Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel” rather than saying “same as legacy TN”. Otherwise, it will create an unnecessary configuration later because a gap between DL slot and UL slot for the same slot index can be more than 500ms and 20ms for GEO and LEO, respectively.

	Apple
	We understand the motivation to clarify that, but we don’t understand well on the necessity on this FFS part. Our reason is: like in legacy TN TDD case, the slot index for DL slot and UL slot also depends on the TDD configuration, i.e., depends on the slots number between DL and UL, but RAN4 didn’t capture such correspondence between a specific DL slot and UL slot in the requirements. Moreover, in legacy TN timing, the UL slot (of same index as DL slot) could also be up to 2 slot advanced from the DL slot with the same index, but we didn’t specify which actual UL slot could use this DL slot to determine the UL timing. In short, like the legacy RAN4 requirement, the DL reference timing can only focus on the DL reception timing of first path of reference cell without considering the UL transmission.

	Xiaomi
	According to 38.133, the downlink timing of the reference cell is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. Therefore, to make the clarification more clearer, the main bullet is updated as:
· The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.

	CMCC
	The downlink timing is also under discussion in IIOT_URLLC WI, the legacy definition may be updated. We suggest to check it before final/formal WF.

	LGE
	We prefer to keep the agreement without FFS point. 
And to CMCC, does the discussion of downlink timing in IIOT_URLLC WI also apply to all other features? 

	Huawei
	We think the legacy definition of downlink timing is clear for us. There is no need to add the clarification on the slot index.

	Ericsson
	Same as stated by Huawei, we think the legacy definition of downlink timing is clear for us. There is no need to add the clarification on the slot index.

	CMCC2
	To LGE, based on our understanding, the discussion under IIOT-URLLC WI is a general discussion about downlink timing at least for R17. 

	Moderator
	Tentative agreement in 2nd round:
· The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.

	Moderator2
	Skip above tentative agreement, and continue the discussion in performance part.



Issue 1-4: The clarification on propagator model used to define the reference timing in UE UL timing requirements.
· Option 1: (Apple, Xiaomi, Huawei, CMCC, ZTE, LGE)
· Propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement.
· Option 2: (Qualcomm, Ericsson, THALES, Nokia, CATT)
· Eckstein-Hechler based propagator model can be used to define the reference timing in UE UL timing requirements.
· Recommendations for 2nd round:
· Continue the discussion based on the candidate options in the 2nd round.
	Company
	Comments

	Qualcomm
	Support Option 2.
In order to measure UE UL timing error, we need a satellite position. For that, the group has to decide between true satellite position and a reference satellite position that is derived by broadcasted Ephemeris information. We believe it shouldn’t be based on a true satellite position because any inaccuracies due to quantized Ephemeris information and the frequency of the broadcasting shouldn’t be parts of UE UL timing error.

To Huawei: 
When we read the comment below, it appears that we have different understandings of whether and how much satellite position prediction error was considered in Te_NTN. Would you please be specific about the following comment?
Huawei’s comment in the first round: “The margin due to UE implementation on propagator model has been considered in Te_NTN requirements.”

To Xiaomi, ZTE, LGE, and Apple:
Option 2 does not propose to specify an orbit propagator model that UE shall implement. UE can use whatever propagator model as long as UE UL transmission timing requirements are fulfilled.

And regarding a comment from Apple “minimum requirement is based on the most conservative implementation of propagator model rather than the best one”:
We are not sure what is the exact definition of “most conservative implementation of propagator model,” but if this means a bit inaccurate model, those UEs using more accurate model will be unfairly penalized because a larger UL transmission timing error will be measured just because the reference timing is inaccurately defined. Note that the proposed “Eckstein-Hechler” is not the best one in terms of accuracy. The whole point here is, anyway, RAN4 needs a reference position of satellite which shall be defined based on broadcasted Ephemeris information and a certain propagator model, just like N_TA,common. When we look at N_TA,common defined in RAN1 spec, in RAN4 spec, we will set N_TA,common based on parameters, broadcasted via system information, and a formula defined in RAN1 spec. For N_TA,UE-specific, what Option 2 proposes is ‘a reference formula’ shall be defined to set a reference timing for error measurement. And as this is only for requirements, the model doesn’t have to be specified in RAN1/RAN2 spec but in RAN4 spec.

	Apple
	We still don’t understand why if UE uses “Eckstein-Hechler” model will be penalized when the requirement is defined based on the conservative way. Or in other word, would the UE using 6 x 6 ephemeris model be penalized? Or would the UE using other better model be penalized? If only UE using “Eckstein-Hechler” model would not be penalized, then it indirectly means RAN4 has to limit UE implementation to only use this model rather than others. In our view, as commented in 1st round, which model to be used is up to UE implementation, and what RAN4 could do is to count such error/tolerance into the minimum requirement in a conservative way (conservative way is to choose the less accurate one among all candidate models to define RAN4 requirement, but of course if all companies agree that one certain model would not be used, then it shall be directly kick out from the candidate model list), e.g., in Te requirement we counted such error in satellite position error without mentioning any model. The tolerance from model selection by UE will result into different reference timing at UE (please note that reference timing is NOT a common ideal value among all UEs) and this tolerance of course could eventually be considered in the testing part.

	Xiaomi
	Support option 1, share the similar views as Apple, RAN4 counts the error of model into the Te requirement, and the UE implemented with different model should fulfill the minimum Te requirement.

	LGE
	We prefer option 1, and similar view with Apple. The propagator model is up to UE implementation, so RAN4 does not need to consider error/tolerance/requirements based on specific model.

	Huawei
	We support option 1.
The positioning error between actual satellite position and estimated satellite position has been taken account into Te requirements, which allows to have different UE implementations on satellite position calculation.

	Ericsson
	Option 2. Propagator model is an essential part of the system and if standardized we will have better control of that part.

	MTK
	Prefer to Option 1. The concern on Option 2 is if the requirement is tailored for a specific model, then it would penalize on other UE implementation. But we are fine to consider margin to accommodate different UE impelemetation.  

	Moderator
	Tentative agreement in 2nd round according to majority view from companies:
· Propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement.

	Moderator2
	Tentative agreement:
Propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement spec.



Issue 1-7: Gradual timing adjustment requirement.
· Tentative agreement:
· When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. 
· The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the downlink timing of the reference cell. 
· All adjustments made to the UE uplink timing shall follow these rules:
· Tentative agreements: 
· The maximum amount of the magnitude of the timing change, apart from a change of NTA,UE-specific due to satellite position update and NTA,common between the previous transmission and the current transmission, in one adjustment shall be Tq.
· The minimum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last one second, shall be Tp per second.
· The maximum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last 200ms, shall be Tq per 200 ms.
· where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table.
· The maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table below.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq 
	Tp 

	1
	15
	[5.5 to 9.5]*64*Tc
	[5.5 to 13.5]*64*Tc

	
	30
	[5.5 to 9.5]*64*Tc
	[5.5 to 13.5]*64*Tc

	
	60
	NA
	NA

	NOTE:	Tc is the basic timing unit defined in TS 38.211 


· Recommendations for 2nd round:
· Companies are encouraged to provide views on Tp and Tq values for NTN based on the candidate options.
	Company
	Comments

	Qualcomm
	We support the same Tq and Tp as legacy.

Please see our simulation results below. Although the current Tp and Tq can still suppress the fluctuation of timing error and confine it within a proper range, the impact of double correct is more alleviated when UE applies lower values than the current Tq and Tp. 
In the simulation, UE velocity is set to 30 meters/s (108km/h). When UE reads GNSS fix every 10sec, the UE position change between GNSS fix updates can be up to 278m which can account for 20% of CP length in 15kHz SCS. For those UEs at 1,200km/h speed, it is hard to imagine a low GNSS fix update frequency. And at that high speed, it would be much easier for the UE to project its future positions based on the previous ones because nothing can change really much in terms of direction and speed, i.e. does not always have to read GNSS fix. 
We should also keep in mind that we are defining a unified requirement that addresses ‘path change due to blocking’ and ‘UE position error due to low frequency of GNSS fix update’. Which means if we change values for one specific scenario, it applies to all other normal scenarios too.
[image: ]


	Apple
	We are fine to use legacy Tp/Tq or to use a higher Tp/Tq as justified by HW in 1st round.

	Xiaomi
	We are fine to use the legacy Tp/Tq value in square blacket, but for the Ues with higher velocity, e.g. ATG UE, we still think the relaxed Tq/Tp value should be considered.

	CMCC
	We prefer to use a relaxed Tq as justified by HW in 1st round, and a legacy Tp
The NTN framework should also support HAPS and ATG, the high-speed terminal is typical in these cases.
Tq is the maximum aggregate adjustment rate, UE can still use small Tq value if it can read GNSS fix frequently. However, for the UE don’t have the capability to read the GNSS too frequent, we think it is better to have a relaxed Tq.

	LGE
	We prefer to use legacy Tq/Tp.

	Huawei
	We support to use a relaxed Tq due to higher UE speed and a legacy Tp.

	Ericsson
	We support the same Tq and Tp as legacy.

	MTK
	We support the same Tq and Tp as legacy.

	Moderator
	Tentative agreement in 2nd round:
· Tq = 5.5Ts, Tp = 5.5Ts;
· FFS Tq and Tp for ATG UEs. (Subject to be handled in GTW session)



TA adjustment accuracy requirements
Issue 2-1: The additional conditions for NTN TA adjustment accuracy requirement.
· Option 1: 
· UE autonomous TA adjustment due to updates of UE position estimation, satellite position prediction, and feeder link time drift shall be excluded from the definition of TA adjustment error in response to TAC, i.e. “a relative accuracy to the signalled timing advance value compared to the timing of preceding uplink transmission” shall be modified to not include UE autonomous TA update due to satellite position update and N_{TA,common} update.
· The requirement applies only to a stationary UE.
· Option 2: 
· UE gradual timing adjustment due to updates of UE position (Tp/Tq adjustment), satellite position, and TA common during the TAC adjustment delay time period shall be excluded from the definition of TA adjustment error in response to TAC.
· FFS on whether the gradual timing adjustment shall not be performed on the Tx slot when UE applies TAC.
· Recommendations for 2nd round:
· Continue the discussion based on the candidate options in the 2nd round.
	Company
	Comments

	Qualcomm
	Support Option 1. To capture the common part between the two options more explicitly, we can update the proposal as below. The version is based on the current spec, and this is the only change.

Modified Option 1:
The UE shall adjust the timing of its transmissions, apart from a change of NTA,UE-specific and NTA,common between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].

To answer some questions received in the first round:
1) Gradual timing adjustment requirement does not apply to the transmission that is controlled by TAC.
2) Open loop and closed loop timing adjustments are independent and concurrently performed.

	Apple
	The modified option 1 from QC is almost same as our understanding, and we suggest to further clarify this option a bit as below,’
Option 1b:
The UE shall adjust the timing of its transmissions, apart from a change of UE gradual timing adjustment, NTA,UE-specific due to satellite position update and NTA,common between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].
The reason is, the UE GNSS position change in NTA,UE-specific might not be directly reflected before UE updated the GNSS measurement but instead Tp/Tq adjustment would still be used to compensate the UE position change.

To FFS part in option 2, considering companies’ comment, we can compromise our proposal to be:
On the Tx slot when UE applies TAC, the gradual timing adjustment based on Tp/Tq shall not be performed. 
If we follow the current TN requirement structure/assumption, when UE applies the close loop TA command, the gradual timing adjustment of Tp/Tq (not limit open loop TA) shall not be performed or required, as duplicated below from TS38.133,
When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied. 
But we are fine to keep it open if companies still have different views.


	Xiaomi
	We are fine with the option 1b, and fine with the updated FFS part proposed by Apple.

	LGE
	We prefer modified option 1 by QC. Since “the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.” is already captured in the specification, we think “apart from a change of UE gradual timing adjustment” is not needed.

	Huawei
	Generally we can agree with option 1 on TA adjustment accuracy only in response to TA command.

	Ericsson
	Option 1.

	Moderator
	Tentative agreement in 2nd round:
· NTN TA adjustment accuracy requirement is only applied in response to TA command.

	Moderator2
	Tentative agreement in 2nd round:
The UE shall adjust the timing of its transmissions, apart from a change of NTA,UE-specific and NTA,common between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].



Issue 2-2: The margin to accommodate UE autonomous open loop TA pre-compensation.
· Option 1: (Apple, CATT, Xiaomi, Huawei, Ericsson, CMCC, ZTE, LGE)
· No need to consider margin for UE autonomous open loop TA pre-compensation.
· Option 2: (Qualcomm, Nokia)
· To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin shall be extended by [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m)
· Recommendations for 2nd round:
· Continue the discussion based on candidate options in the 2nd round.
· Companies are encouraged to provide views on whether the margin for TA adjustment accuracy can be added and discussed in test design stage.
	Company
	Comments

	Qualcomm
	We can compromise on this. Option 1 is okay with us.

	Apple
	Fine with option 1.

	Xiaomi
	Fine with option 1.

	LGE
	Support option 1.

	Huawei
	Support option 1.

	Ericsson
	Option 1.

	Moderator
	Tentative agreement in 2nd round:
· No need to consider margin for UE autonomous open loop TA pre-compensation.



Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on …
	YYY
	

	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	WF on GNSS-related and timing requirements for NR NTN
	Xiaomi
	

	Reply LS on NTN UL time and frequency synchronization requirements
	Xiaomi
	To：RAN1

	Reply LS on combination of open and closed loop TA control in NTN
	Qualcomm
	To：RAN1



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2204187
	Introduction of Timing advance requirement for NTN
	MediaTek
	To be revised.
	

	R4-2204239
	DraftCR on UE timer accuracy for NR NTN
	Xiaomi
	To be revised.
	

	R4-2205330
	DraftCR on UE transmit timing requirements for NTN
	Huawei
	To be revised.
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

[bookmark: _GoBack]2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-210xxxx
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-210xxxx
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	R4-2206903
	WF on GNSS-related and timing requirements for NR NTN
	Xiaomi
	Agreeable
	

	R4-2206904
	Reply LS on NTN UL time and frequency synchronization requirements
	Xiaomi
	Agreeable
	

	R4-2206905
	Reply LS on combination of open and closed loop TA control in NTN
	Qualcomm
	Agreeable
	

	R4-2206906
	Introduction of Timing advance requirement for NTN
	MediaTek
	Agreeable
	

	R4-2206907
	DraftCR on UE timer accuracy for NR NTN
	Xiaomi
	Agreeable
	

	R4-2206908
	DraftCR on UE transmit timing requirements for NTN
	Huawei
	Agreeable
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	
	
	



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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Timing error when GNSS update period is 3s
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