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Introduction
The scope of this email discussion contains GNSS-related requirements and UE timing requirements for NR NTN (AI 8.13.5.2 and AI 8.13.5.4). 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 9.13.5.2 GNSS-related requirements
· AI 9.13.5.4 Timing requirements
· UE specific TA estimation error
· Initial UE transmit timing requirements
· Gradual timing adjustment requirements
· TA adjustment accuracy requirements
· Response LSs for the incoming LSs (R4-2104462 and R4-2119413)
The timeline for 1st and 2nd round email discussions can be referred in R4-2117001. (TDoc of “RAN4#101-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 #1: GNSS-related requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117336
	CATT
	Proposal 1: Use a common GNSS accuracy assumption for all RRM requirements.
Observation: The potential RRM impact should be UE transmit timing requirements, other RRM requirements have not foresaw being impacted.
Proposal 2: Schedule restriction can be defined in RRM session if issue of intra-UE co-existence between GNSS receiver and UE transmit on some frequencies or band have confirmed in RF session.

	R4-2118269
	Ericsson
	Observation 1: If we use an NTN LOS channel delay spread of 0,245 µs then UL SCS = 60 kHz is not possible.  not even a UE 2-D position error of 0 m (perfect UE position) will suffice.
Proposal 1: Exclude UL SCS = 60 kHz from rel-17 NTN.



Open issues summary and Companies views’ collection for 1st round
Issue 1-1: GNSS accuracy assumption for RRM requirements
· Option 1: (CATT)
· Use a common GNSS accuracy assumption for all RRM requirements
· Option 2: ()
· GNSS accuracy assumption is discussed by case-by-case basis for different RRM requirements.
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	XXXQualcomm
	Option 2.

	Apple
	Support Option 1.

	Intel
	We support option 2.

	CMCC
	Option 1. In our understanding, UE will use its GNSS module in a common way regardless what application scenario is. Therefore, a common GNSS accuracy assumption for all RRM requirements is more reasonable. 

	Xiaomi
	Support option 1

	Ericsson
	Option 2. We have already decided 50 m GNSS positioning for SCS = 15 kHz and 30 kHz and this will be hard to maintain fir SCS = 60 kHz.

	Huawei
	Option 2.

	CATT
	We support option 1. Because it is agreed that no UE capability on GNSS accuracy in previous meeting. The NW cannot distinguish UEs with different GNSS accuracy. One UE should have only one GNSS receiver and cannot have different GNSS accuracy.

	ZTE
	Option 2. Different RRM requirement may need different GNSS accuracy assumption to achieve specific performance.


	Nokia
	Option 1 seems reasonable, but what the inaccuracy is. 

	THALES
	Option 2 is more general. However, using Option 1 we have shown in our contribution R4-2119505 that for a GNSS error of 50m we can easily compute all Te_NTN values, including for SCS=60kHz. The results were very similar to other companies.
Maybe for FR2 is more complicated, but for the time being Option 1 seems to be a reasonable assumption.
Maybe we can use Option 1 as basis and Option 2 for particular cases if Option 1 is no longer sufficient.
In some cases GNSS error can be considered 30m (instead of 50m), and we can further derive different (and more stringent) requirements for the Timing Error Limit for example.
However, for all the obtained Timing Error Limits we can also make a double check to verify if the values are lower than CP/2 because the CP has to absorb the propagation delay. Is a very easy verification. In the contribution R4-2119505 we show that even with 50m error for GNSS we can still respect the condition Te_NTN < 44,96% of CP/2 or 22,48% of the CP.

In our contribution R4-2119505 we have shown that even for 60kHz the timing error with 50m is not an issue.

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	
Te_NTN
	
% of CP
	
% of CP/2
	
CP/2

	1
	15
	15
	(8.186+12)*64*Tc
	[20.186]*64*Tc
	20.186/144
=14,02%
	20.186/72
=28,03%
	4.69/2µs or 144/2*64*Tc

	
	
	30
	(8.186+10)*64*Tc
	[18.186]*64*Tc
	18.186/144
=12,63%
	18.186/72
=25,26%
	4.69/2µs or 144/2*64*Tc

	
	
	60
	(8.186+10)*64*Tc
	[18.186]*64*Tc
	18.186/144
   =12,63%
	18.186/72
=25,26%
	4.69/2µs or 144/2*64*Tc

	
	30
	15
	(8.186+8)*64*Tc
	[16.186]*64*Tc
	16.186/72
=22,48%
	16.186/36
=44,96%
	2.34/2µs or
144/4*64*Tc

	
	
	30
	(8.186+8)*64*Tc
	[16.186]*64*Tc
	16.186/72
=22,48%
	16.186/36
=44,96%
	2.34/2µs or
144/4*64*Tc

	
	
	60
	(8.186+7)*64*Tc
	[15.186]*64*Tc
	15.186/72
=21,09%
	15.186/36
=42,18%
	2.34/2µs or
144/4*64*Tc

	2
	120
	60
	3.5*64*Tc
	
	-
	-
	-

	
	
	120
	3.5*64*Tc
	
	-
	-
	-

	
	240
	60
	3*64*Tc
	
	-
	-
	-

	
	
	120
	3*64*Tc
	
	-
	-
	-

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
	
	
	
	



In other words, we can still assume the worst case of GNSS error which is 50m, and if is not sufficient for some specific cases, we could assume 30m. Then, we can do a double check to see the Te_NTN with respect to CP%.



Issue 1-2: RRM impact due to UE Internal Coexistence between GNSS receiver and NR UL transmitter
· Option 1: (CATT)
· Schedule restriction can be defined in RRM session if issue of intra-UE co-existence between GNSS receiver and UE transmit on some frequencies or band have confirmed in RF session.
· Option 2: ()
· FFS
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	XXXQualcomm
	Do not disagree with Option 1, but the exact solution should be subject to a further discussion. Scheduling restriction can be one of approaches that can be handled by RAN4-alone.

	Apple
	Agree with the observation in option 1, but whether to use scheduling restriction or interruption is up to further RAN4 discussion.

	CMCC
	Option 2. Before study the RRM impact or methodology, we first need the confirmation of Internal Coexistence between GNSS receiver and NR UL transmitter, and the issue can’t be resolved by RF session.

	Xiaomi
	Suggest to wait for the conclusion in RF session, RAN4 need further discussion how to handle the coexistence issue.

	Ericsson
	Option 2: FFS.

	Huawei
	Option 2. Same comment as CMCC.

	CATT
	Option 1 is our observation and proposal; we also said it needs confirmation from other session. So we are open to discuss about the impact for FFS. But we hope moderator can capture this in WF with FFS.

	ZTE
	Suggest FFS. Option 2.

	Nokia
	Option 2.

	THALES
	The exact solution should be further discussed.



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.
	
	Status summary 

	Sub-topic #1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



Issue 1-1: GNSS accuracy assumption for RRM requirements
	
	Status summary 

	Issue 1-1
	· Option 1: (CATT, Apple, Xiaomi, Nokia)
· Use a common GNSS accuracy assumption for all RRM requirements
· Option 2: (QC, Intel, Ericsson, Huawei, ZTE, THALES)
· GNSS accuracy assumption is discussed by case-by-case basis for different RRM requirements.
After 1st round discussion, 4 companies support option 1, 6 companies support option 2. 
Recommendations for 2nd round:
· Continue the discussion in the 2nd round.



Issue 1-2: RRM impact due to UE Internal Coexistence between GNSS receiver and NR UL transmitter
	
	Status summary 

	Issue 1-2
	· Option 1: (CATT)
· Schedule restriction can be defined in RRM session if issue of intra-UE co-existence between GNSS receiver and UE transmit on some frequencies or band have confirmed in RF session.
· Option 2: (QC, Apple, Xiaomi, Ericsson, CMCC, Huawei, ZTE, Nokia, THALES)
· FFS
After 1st round discussion, 1 company support option 1, 9 companies support option 2. The issue of Internal Coexistence between GNSS receiver and NR UL transmitter shall be confirmed first, and then related RRM impact can be discussed accordingly.
FFS the RRM impact if the issue of UE Internal Coexistence between GNSS receiver and NR UL transmitter is identified.
Recommendations for 2nd round:
· No more discussion is needed in 2nd round.





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)
· Issue 1-1: GNSS accuracy assumption for RRM requirements
· Option 1: (CATT, Apple, Xiaomi, Nokia)
· Use a common GNSS accuracy assumption for all RRM requirements
· Option 2: (QC, Intel, Ericsson, Huawei, ZTE, THALES)
· GNSS accuracy assumption is discussed by case-by-case basis for different RRM requirements.
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Apple
	Support Option 1. GNSS performance would not be adjusted/optimized due to cellular side task, and in this WI the GNSS enhancement is not the scope. So, we think GNSS performance shall be assumed as a common side condition for all RRM requirements. 

	CMCC
	We support Option 1. As we stated in first round discussion, UE will use its GNSS module in a common way regardless what application scenario is.

	Ericsson
	We support option 2. For example SCS = 60 kHz can not meet total error budget and existing 50 m GNSS assumption is the biggest factor in the budget.

	Nokia
	Option 1.

	Qualcomm
	Option 2. 
When UE doesn’t have UL activity while still having to perform RRM, UE may apply different UE position estimation algorithms. And GNSS itself has also different operation modes depending on many different circumstances and the level of interaction with modem. Furthermore, we should not get confused between GNSS accuracy and UE position estimation accuracy. The vector obtained from GNSS receive may be further processed by NR modem.



· Issue 1-2: RRM impact due to UE Internal Coexistence between GNSS receiver and NR UL transmitter
· Tentative Agreement:
· FFS the RRM impact if the issue of UE Internal Coexistence between GNSS receiver and NR UL transmitter is identified.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	Moderator
	The tentative agreement is agreed.
Agreement:
· FFS the RRM impact if the issue of UE Internal Coexistence between GNSS receiver and NR UL transmitter is identified.

	Ericsson
	Tentative agreement is fine.





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

	R4-2117338
	CATT
	Proposal 1: The Te_GNSS and Te_SAT should equal 2* (GNSS positioning accuracy/c) and 2*(serving-satellite position estimation error/c).
Proposal 2: The equation of Te_NTN = Te + Te_GNSS + Te_SAT isn’t included in specification, and only Te_NTN values are specified in specification.
Proposal 3: Only one GNSS accuracy assumption for timing requirements is preferable.
Proposal 4: Te_SAT is the error from calculation model used by UE side.
Proposal 5: CP/3 of max tolerance for NTN UL timing error may be appropriate for all SCS.
Proposal 6: “NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay” should be included in UE transmit timing definition.
Proposal 7: The principle for gradual timing adjustment requirement depends on RAN1/2 design of how gNB pre-compensate for the feeder link delay. If gNB can pre-compensate for the feeder link delay change and the transmit timing on satellite is unchanged, gradual timing adjustment requirement can be reused. Otherwise, the rate of gradual timing adjustment requirement can be updated.
Proposal 8: Define different gradual timing adjustment requirements for different NTN topologies.
Proposal 9: The maximum delay variation should be considered in the gradual timing adjustment requirement in NTN.
Observation: If gNB can’t pre-compensate for the feeder link delay change to make transmit timing on satellite is unchanged, the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.
Proposal 10: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
Proposal 11: The existing TN gradual timing adjustment requirement can be applied for GEO scenarios.

	R4-2117455
	Apple
	Proposal 1:
No need to specify the update rate for UE specific TA estimation.
No need to specify UE behaviour on UE specific TA updating before applying TA adjustment, as long as UE can meet the timing and TA adjustment requirement.
Proposal 2: the ephemeris information is valid at UE side when the NTN ephemeris validity timer is running otherwise ephemeris information is invalid.
Proposal 3: RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.
Proposal 4:
No need to define a separate accuracy requirement for self-estimated TA common ().
No need to define a separate accuracy requirement for the combination of .

Proposal 5: For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error
· Te_GNSS the maximum RTT error between UE and satellite due to UE GNSS position estimation error
· Te_GNSS = 2* (UE GNSS positioning accuracy)/c (c is light speed)
· Te_SAT is maximum RTT error between UE and satellite due to serving-satellite position estimation error
· Te_SAT = 2* (serving-satellite positioning accuracy)/c (c is light speed)

Proposal 6: Only the Te_NTN needs to be used as UE specific TA estimation error in the Te requirement.
Proposal 7: 	GNSS accuracy assumption for timing requirements is:
· For UL SCS = 15 kHz, 30 kHz and 60kHz: 2-D position error is 50m
Proposal 8: 	In RAN4 timing requirement, Te_SAT is only based on the error from orbital propagator calculation model used by UE side when NTN ephemeris validity timer is running.
Proposal 9: RAN4 assumes serving-satellite position estimation error has same value as UE position estimation error in the Te_NTN requirement design.
Proposal 10: The max tolerance for NTN UL timing error is (CP – 8*64*Tc)/3 for FR1.
Proposal 11: The Te_NTN requirement shall be defined as, 
· FR1 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), (CP – 8*64*Tc)/3}
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN
	Note

	1
	15
	15
	32.5*64*Tc
	min{(legacy Te + 20.48*64*Tc), (CP– 8*64*Tc)/3}

	
	
	30
	22*64*Tc
	

	
	
	60
	10*64*Tc
	

	
	30
	15
	28.5*64*Tc
	

	
	
	30
	22*64*Tc
	

	
	
	60
	10*64*Tc
	


Proposal 12: Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.

Proposal 13: The principle for gradual timing adjustment requirement is:
· Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate 
Proposal 14: the design principle for gradual timing adjustment requirement is:

Proposal 15: RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, LEO and FFS on MEO.
Proposal 16: The maximum delay variation should be considered in the gradual timing adjustment requirement in NTN, and RAN4 may send LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO if needed.
Proposal 17: No need to consider the feeder link time drift in the gradual timing adjustment requirement in NTN.
Proposal 18: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. The direction of timing adjustment shall be same as legacy TN case.
Proposal 19: For GEO, the existing TN gradual timing adjustment requirement can be applied.
Proposal 20: For LEO,
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 100ms.
3) The maximum aggregate adjustment rate shall be Tq_NTN per 20 ms.

	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN for LEO
	Tp_NTN for LEO

	1
	15
	29.5*64*Tc
	29.5*64*Tc

	
	30
	29.5*64*Tc
	29.5*64*Tc

	
	60
	27.5*64*Tc
	27.5*64*Tc

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


Proposal 22: UE specific TA is allowed to be updated within the k slots delay for TAC adjustment.
Proposal 23: In TA adjustment requirement, RAN4 would refer to RAN1 spec for the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters.
Proposal 24: in RRC connected mode, the legacy NR TA adjustment accuracy requirement in TS38.133 could be reused for NTN case.
Proposal 25: When UE GNSS/satellite ephemeris/common TA has been changed, for an open-loop TA adjustment, UE may reset the accumulated closed-loop TA adjustment to 0, if the timing difference between the old status and new status is greater than a certain threshold .  is FFS.

	R4-2117742
	CMCC
	Proposal 1: If UE periodic reporting of UE specific TA pre-compensation information is supported, then the lower bound of UE specific TA estimation update frequency can be equal to the frequency of UE specific TA pre-compensation information reporting.
Proposal 2: Do not specify UE behavior on UE specific TA updating before applying TA adjustment.
Proposal 3: Do not specify the requirements when the ephemeris information is invalid or expired at UE side.
Proposal 4: Do not define the requirements for NTA,common and NTA,UE-specific+NTA,common.
Proposal 5: 
· Te_GNSS=2*E_GNSS-positioning accuracy/c, E_GNSS-positioning accuracy is the positioning error introduced by GNSS accuracy.
· Te_SAT=2*E_ serving-satellite position estimation/c, E_serving-satellite position estimation is the calculation error introduced by serving-satellite position estimation.
Proposal 6: The equation of Te_NTN will not be included in the specification.
Proposal 7: Te_SAT is the error from calculation model used by UE side 
Proposal 8: the max tolerance for Te_NTN is 0.5*CP - Delay_spread - error of NTA-common - TA adjustment error
Proposal 9: we propose the initial transmit timing error as
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	23*64*Tc

	
	
	30
	21*64*Tc

	
	30
	15
	19*64*Tc

	
	
	30
	19*64*Tc


Proposal 10: Whether 60kHz UL SCS can be used for NTN should be re-considered.
Proposal 11: the clarification on NTA,UE-specific in reference timing definition is needed, which should be ideal service link delay.
Proposal 12: Change the definition of reference timing to (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc, and the clarification on NTA,UE-specific in reference timing definition is needed, which should be ideal service link delay.
Proposal 13: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
Proposal 14: The maximum delay variation should be considered in gradual timing adjustment requirement in NTN.
Proposal 15: Feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.
Proposal 16: The gradual timing adjustment requirement should consider combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 17: For LEO topology,
· The minimum aggregate adjustment rate shall be Tp_NTN=25.5*64*Tc per 100ms
· The maximum aggregate adjustment rate shall be Tq_NTN=25.5*64*Tc per 20 ms.
Proposal 18: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.

	R4-2117826
	Xiaomi
	Proposal 1: Not define UE behavior on updating rate for UE specific TA estimation.
Proposal 2: Not define UE behavior on UE specific TA updating before applying TA adjustment.
Proposal 3: The UE behaviour when the satellite ephemeris information is invalid or expired at UE side is up to RAN1’s decision.
Proposal 4: Not define a separate accuracy requirement for self-estimated TA common (NTA,common).
Proposal 5: Not define a separate accuracy requirement for the combination of (NTA,UE-specific + NTA,common).
Proposal 6: Te_SAT is the timing error from calculation model used by UE side.
Proposal 7: 50m of GNSS accuracy assumption can be used for 60KHz UL SCS case.
Proposal 8: The Te requirement in NTN can be defined in Table 1.
Table 1: Te_NTN requirements
	Frequency Range
	SCS of SSB signals [kHz]
	SCS of uplink signals [kHz]
	Te
	UE specific TA estimation accuracy
	Te_NTN

	1
	15
	15
	12*64*Tc
	5.5*64*Tc
	17.5*64*Tc

	
	
	30
	10*64*Tc
	5.5*64*Tc
	15.5*64*Tc

	
	
	60
	10*64*Tc
	5.5*64*Tc
	15.5*64*Tc

	
	30
	15
	8*64*Tc
	5.5*64*Tc
	13.5*64*Tc

	
	
	30
	8*64*Tc
	5.5*64*Tc
	13.5*64*Tc

	
	
	60
	7*64*Tc
	5.5*64*Tc
	12.5*64*Tc


Proposal 9: Define different gradual timing adjustment requirement for different NTN topologies, e.g. GEO, MEO, LEO.
Proposal 10: In GEO scenario, the existing timing adjustment rules defined in TS38.133 can be applied.
Proposal 11: For LEO scenario, it is proposed to relax the UE autonomous timing adjustment requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
Proposal 12: In LEO scenario, 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 = 25*Ts.
2)	The minimum aggregate adjustment rate shall be Tp_NTN = 100Ts per 100ms.
3)	The maximum aggregate adjustment rate shall be Tq_NTN = 25*Ts per 20 ms.
Proposal 13: RAN4 should update the TA adjustment delay requirement in TS38.133 if RAN1 updates TA adjustment delay for NTN.
Observation 1: The accuracy of UE specific TA estimation is accounted into Te requirement, and the TA adjustment due to UE specific TA updating can be reflected in UE autonomous gradual timing adjustment procedure.
Proposal 14: The accuracy due to UE specific TA adjustment is excluded from the definition of TA adjustment accuracy in NR NTN scenario.
Proposal 15: The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN scenario.

	R4-2117841
	LG Electronics Inc.
	Proposal 1: Define only Te_NTN values in the specification.
Proposal 2: Consider error from calculation model used by UE side and error due to inaccurate ephemeris information for Te_SAT.
Proposal 3: TA adjustment accuracy should be relaxed depending on updating open loop TA, or RAN4 needs to wait for RAN1 conclusion for the combination of open loop and close loop TA control.
Proposal 4: In NTN, consider closed loop TA adjusts only the timing error due to GNSS and estimation of position, assuming that open loop TA is updated in the slot before uplink transmission.

	R4-2118036
	Intel Corporation
	Proposal 1: An NTN UE is required to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information.
Proposal 2:  An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
Proposal 3:  Define a single set of gradual timing adjustment requirements for different NTN topologies.

	R4-2118267
	Ericsson
	Proposal 1: Allocate 1 Ts error allocation to , around the nominal (perfect) feeder link delay, assuming an NCC ephemeris data update every 5 minutes.
	Frequency Range
	SCS of uplink signals (kHz)
	Te

	1
	15
	1.0*64*Tc

	 
	30
	1.0*64*Tc

	 
	60
	1.0*64*Tc



Observation 1: If we use an NTN LOS channel delay spread of 0,245 µs then UL SCS = 60 kHz is not possible.  not even a UE 2-D position error of 0 m (perfect UE position) will suffice.

Proposal 2: Use Te_NTN from table 5.
Table 5: Proposed Te_NTN requirements for FR1 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Te_NTN

	1
	15
	15
	12*64*Tc
	23*64*Tc

	
	
	30
	10*64*Tc
	21*64*Tc

	
	
	60
	10*64*Tc
	

	
	30
	15
	8*64*Tc
	19*64*Tc

	
	
	30
	8*64*Tc
	19*64*Tc

	
	
	60
	7*64*Tc
	



Observation 2: The UE Timing Advance adjustment accuracy is needed to make sure we avoid Inter Symbol Interference and loose UL throughput and capacity. 
[bookmark: _Hlk85808213]Proposal 3: Use existing TA adjustment accuracy also for NTN.
Observation 3: The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case one way delay variation of 286 * 64 Tc.
Observation 4: Either the period has to be shortened from 200 ms to something smaller, or we need to increase Tq.
Proposal 4: Define Gradual Timing Adjustment as listed in table 8.
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 4.3 ms.
Table 8: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

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

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	
	

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]




	R4-2118331
	MediaTek inc.
	In this contribution, we summarize issues and discuss impact on specifications for solutions for UE UL transmit timing requirement. 
Observation 1: NTA,common  and NTA,offset  are both network-controlled and not UE self-estimated.
Proposal 1: Similar to NTA,offset, NTA,common can be covered in total advanced timing and be tested with the timing error limit Te,NTN,
Proposal 2: For UL SCS = 15 kHz and 30 kHz, Te_NTN = Te + [13] Ts. FFS UL SCS = 60 kHz.
Proposal 3: When UE has performed UE pre-compensation for UE-specific TA, the amount of gradual timing adjustment should be clarified.
Proposal 4: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. (Option 2)
Observation 2: Unnecessary confusion will be caused if the downlink reception timing drifting is coved by both gradual timing adjustment requirement and UE specific TA requirement.
Proposal 5: In NTN, gradual timing adjustment requirement can be replaced by UE specific TA requirement, which can be verified by the timing error limit Te,NTN.
Observation 3: Timing drift in GEO is negligible. It will have less concern to apply the legacy gradual timing adjustment requirement.
Observation 4: Timing drift in LEO is significant. UE pre-compensation for the UE specific TA change will dominate the timing adjustment. Large timing change at satellite may cause UL reception problem.
Proposal 6: TA adjustment accuracy requirement can be defined as the existing timing advance adjustment accuracy requirements defined in TS 38.133 if UE specific TA is not changed.

	R4-2118389
	OPPO
	Proposal 1: Do not define UE behaviour for UE specific TA.
Proposal 2: Do not define a separate accuracy requirement for self-estimated TA common.
Proposal 3: Do not define a separate accuracy requirement for the combination of 
Proposal 4: GNSS accuracy should be 2*positioning error/c.
Proposal 5: At least the error from calculation model used by UE side should be considered into the serving-satellite positioning estimation error.
Proposal 6: Whether the error due to outdated/inaccurate ephemeris information should be considered is up to how to derive the time reference for UE transmission. 
Proposal 7: Define single set of gradual timing adjustment requirements for all NTN topologies.

	R4-2118429
	ZTE Corporation
	Proposal 1: No need to define UE behaviour on updating rate for UE specific TA estimation.
Proposal 2: No need to specify UE behaviour on UE specific TA updating before applying TA adjustment.
Proposal 3: During the validity duration of satellite ephemeris data, Te_SAT is the error from calculation model used by UE side.
Proposal 4: It’s suggested to define unified gradual timing adjustment requirements for different NTN topologies.

	R4-2118834
	Huawei, Hisilicon
	Proposal 1: It is suggested that consider the serving-satellite position estimation error due to both calculation model used by UE side and the outdated/inaccurate ephemeris information.
Proposal 2: The UE initial transmit timing error Te_NTN for NTN network in FR1 can be defined as below:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[28]*64*Tc

	
	
	30
	[26]*64*Tc

	
	
	60
	[X3]*64*Tc

	
	30
	15
	[24]*64*Tc

	
	
	30
	[24]*64*Tc

	
	
	60
	[Y3]*64*Tc

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


Proposal 3: The UE behaviour on updating rate for UE specific TA estimation can be taken into account when defining gradual timing adjustment requirements.
Proposal 4: The UE performs autonomous timing adjustment according to the common TA drift, the downlink timing drift and the update of UE specific TA.
Proposal 5: It is suggested to define the same gradual timing adjustment requirements which can be applied in different NTN topologies, and the gradual timing adjustment requirements can be defined according to the worst case (LEO topology).
Proposal 6: For NTN network, RAN4 needs to study whether to define respective gradual timing adjustment requirements for estimated TA updating and downlink timing drift.
Proposal 7: It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN network.
Proposal 8: It is suggested that TA adjustment requirements are applied when the UE receives a TA command by network signaling.
Proposal 9: It is suggested that the existing TA adjustment accuracy requirements for TN network can be applied for NTN network.


	R4-2119505
	THALES
	Proposal 1: The NTN UE initial transmission timing error requirement should apply when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
Proposal 2: The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus . Therefore, the UE transmit timing error requirement does not cover the self-TA estimation errors.
Proposal 3: 
Te_NTN Timing Error Limit Proposal
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	
Te_NTN
	
% of CP
	
% of CP/2
	
CP/2

	1
	15
	15
	(8.186+12)*64*Tc
	[20.186]*64*Tc
	20.186/144
=14,02%
	20.186/72
=28,03%
	4.69/2µs or 144/2*64*Tc

	
	
	30
	(8.186+10)*64*Tc
	[18.186]*64*Tc
	18.186/144
=12,63%
	18.186/72
=25,26%
	4.69/2µs or 144/2*64*Tc

	
	
	60
	(8.186+10)*64*Tc
	[18.186]*64*Tc
	18.186/144
=12,63%=25,26%
	18.186/72
=25,26%
	4.69/2µs or 144/2*64*Tc

	
	30
	15
	(8.186+8)*64*Tc
	[16.186]*64*Tc
	16.186/72
=22,48%
	16.186/36
=44,96%
	2.34/2µs or
144/4*64*Tc

	
	
	30
	(8.186+8)*64*Tc
	[16.186]*64*Tc
	16.186/72
=22,48%
	16.186/36
=44,96%
	2.34/2µs or
144/4*64*Tc

	
	
	60
	(8.186+7)*64*Tc
	[15.186]*64*Tc
	15.186/72
=21,09%
	15.186/36
=42,18%
	2.34/2µs or
144/4*64*Tc

	2
	120
	60
	3.5*64*Tc
	
	-
	-
	-

	
	
	120
	3.5*64*Tc
	
	-
	-
	-

	
	240
	60
	3*64*Tc
	
	-
	-
	-

	
	
	120
	3*64*Tc
	
	-
	-
	-

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
	
	
	
	



Observation 1: We therefore confirm the values, but the values have to be < CP/2 because the CP has to absorb the propagation delay.

Observation 2: One shall distinguish between orbit determination performance based on past measurements of the satellite trajectory and orbit prediction performance that concerns the future satellite trajectory.
Observation 3: As a rule of thumb, it can be assumed that there is a factor of 1000 between the position error (in [m]) and the velocity error (in [m/s]). Is important to keep in mind this rule when allocating an error budget for satellite position and velocity estimations.
Observation 4: The orbit prediction accuracy depends on:
a. The accuracy of the orbit determination used to derive the satellite ephemeris;
b. The accuracy of the orbit propagation model;
c. The time horizon over which the prediction is made.

Observation 5: The PV accuracy target reference hypothesis could use Position error < 30 m and Velocity error < 30 mm/s.

Observation 6: Even for a satellite system with “low quality” orbit determination algorithm, challenging operations relying on accurate prediction of satellite trajectories such as Doppler compensation can be performed reliably. 

Observation 7: Typical Precision Orbit Determination (initial 3D Position RMS Error = 0.5 m and 3D Velocity RMS Error = 0.5 mm/s) allows Satellite position prediction 60 seconds ahead with max error of 1.47m and 5 minutes ahead with max error of 3.87m.


	R4-2119588
	Qualcomm Incorporated
	Observations and Proposals are summarized below:
· Initial Transmit Timing Error
Observation 1-1: PV ephemeris can provide better satellite position estimation performance in terms of accuracy than orbital ephemeris.
Observation 1-2: Transmit timing error requirement shall not be defined such that UE is forced to read serving satellite’s ephemeris information more frequently than 10sec.
Proposal 1: RAN4 NTN UE timing requirements shall be based on PV ephemeris format and shall not include an error due to inaccurate ephemeris information from NW.
Proposal 2: The max tolerance for NTN UL timing error is defined as (T_cp/2 -T_ch) where
· T_cp: CP length of UL SCS
· T_ch: 250ns for FR1

Observation 2: For UL SCS 60kHz, NTN UE initial timing error requirements cannot be met under the following conditions:
· 10deg of the elevation angle to the satellite from UE
· 5m of serving satellite’s position prediction error
· For SSB SCS 15kHz, even when 2D UE position estimation is perfect
· For SSB SCS 30kHz, 2D UE position estimation error > 10m
· 250ns of channel delay spread
Proposal 3: For UL SCS 60kHz, RAN4 does not define NTN UE initial timing error requirements.

Proposal 4: NTN UE initial transmit timing error in FR1 is defined as below:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	NA

	
	30
	15
	20*64*Tc

	
	
	30
	20*64*Tc

	
	
	60
	NA

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



Proposal 5: The time reference for the UL transmit timing requirement shall be 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 slot when UE transmits the UL signal/channel
· Reference timing for N_{TA,UE-specific} is the slot when the UL transmission is supposed to arrive at the target satellite based on true satellite position
· Reference timing for N_{TA,common} 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.

· Gradual Timing Adjustment
Observation 3-1: The current gradual timing adjustment requirement is to verify how UE reflects the estimated DL frame boundary drift to UL transmit timing when both UE and gNB are stable in terms of mobility.
Observation 3-2: Relaxing UE gradual timing adjustment requirement to accommodate the timing change/drift due to satellite position change and feeder link time drift will make the requirement specification complicated unnecessarily, i.e. it will create multiple tables for different satellite types and altitudes.
Proposal 6: NTN gradual timing adjustment requirement should be the same as the current gradual timing adjustment requirement with the following modifications:
· The time reference for the gradual timing adjustment requirement follows the same definition of the time reference for UT initial transmit timing error requirement, i.e. UE autonomous TA adjustment due to updates of satellite position prediction and feeder link time drift shall be accounted for in the definition of reference timing not in the number of samples for the allowed gradual timing adjustment.
· To resolve an uncertainty on the amount of additional TA adjustment due to UE position estimation, the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.

· TA Adjustment Accuracy
Proposal 7: 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 [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.

· New requirements to resolve Double Correction issue due to infrequent UE position update 
Observation 4: For calculating the TA in RRC_CONNECTED state, always adding the open-loop TA and the closed-loop TA may cause large timing errors due to double correction of timing error caused by UE movement. 
Proposal 8: RAN4 to define a new requirement to address the double correction issue (indicated in R1-2110604):
· (Option 1)  the new requirement is the same as NTN UE initial timing accuracy requirement and the requirement applies to all UL transmissions, i.e. replace gradual timing adjustment with NTN initial timing accuracy requirement.
· (Option 2) the new requirement is based on NTN gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates.

	R4-2118268
	Ericsson
	Reply LS to RAN1: LS on NTN UL time and frequency synchronization requirements (Timing)



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 specific TA estimation error
Issue 2-1-1: Whether to define the update periodicity for UE specific TA estimation?
· Option 1: (Apple, Xiaomi)
· No
· Option 2: (CMCC)
· Yes. If UE periodic reporting of UE specific TA pre-compensation information is supported, then the lower bound of UE specific TA estimation update frequency can be equal to the frequency of UE specific TA pre-compensation information reporting.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	QualcommXXX
	In general, agree to Option 1.
If this is related to “double correction” issue brough up in R4-2119413 LS, it should be discussed separately, i.e. whether and how to define UE specific TA estimation/application periodicity should be a separate discussion topic.

	Apple
	Option 1.

	CMCC
	We can give our compromise to Option 1.

	Xiaomi
	Support option 1, as long as UE meets the Te and gradual timing adjustment requirement, there is no need to mandate UE to periodic update its UE specific TA 

	LGE
	The update periodicity or behavior for UE specific TA estimation could be related to Issue 2-5-2. So, we prefer to discuss it in Issue 2-5-2. 

	MTK
	Option 1. 

	Ericsson
	In connected mode, every time we send data we need a UE specific TA estimation.

	Huawei
	We support option 1.

	CATT
	We support option 1. It is UE implementation, as long as it can meet the timing requirements.

	ZTE
	Option 1.

	THALES
	Option 1.



Issue 2-1-2: Whether to define UE behaviour related to updating rate for UE specific TA estimation?
· Option 1: (Apple, Xiaomi, OPPO, ZTE)
· No, no need to define UE behaviour related to updating rate for UE specific TA estimation.
· Option 2: (Intel)
· Yes, an NTN UE is required to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information.
· Option 3: (Huawei)
· The UE behaviour on updating rate for UE specific TA estimation can be taken into account when defining gradual timing adjustment requirements.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	QualcommXXX
	In general, agree to Option 1.
If this is related to “double correction” issue brough up in R4-2119413 LS, it should be discussed separately, i.e. whether and how to define UE specific TA estimation/application periodicity should be a separate discussion topic.

	Apple 
	Option 1

	CMCC
	We can compromise to Option 1.

	Xiaomi
	Support option 1

	LGE
	Same comments as Issue 2-1-1. 

	MTK
	Option 1. 

	Ericsson
	In connected mode, every time we send data we need a UE specific TA estimation. A certain minimum update period as in option 2 could work.

	Huawei
	We can agree with option 1.
We can further study how the UE specific TA estimation impact the gradual timing adjustment requirement.

	CATT
	Support option 1. Similar as Issue 2-1-1

	ZTE
	Support option 1.

	THALES
	Option 1. UE behavior is specific to implementation, as long as requirements are respected (a maximum error for the requirement is still required). Of course, NTN UE is required to correctly estimate and update the UE specific TA value in every certain periodicity (based on its GNSS positions and satellite ephemeris information and ephemeris transmission periodicity), otherwise the system will not work. However, this can be left to implementation.



Issue 2-1-3: UE behaviour on UE specific TA updating before applying TA adjustment
· Option 1: (Apple, CMCC, Xiaomi, ZTE)
· Do not specify UE behaviour on UE specific TA updating before applying TA adjustment.
· Option 2: (LGE)
· Open loop TA is updated in the slot before uplink transmission.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	QualcommXXX
	In general, agree to Option 1.
If this is related to “double correction” issue brough up in R4-2119413 LS, it should be discussed separately, i.e. whether and how to define UE specific TA estimation/application periodicity should be a separate discussion topic.

	Apple 
	Option 1.

	CMCC
	Option 1.

	Xiaomi
	Option 1, similar view as QC, the double correction issue can be discussed separately.

	LGE
	Same comments as Issue 2-1-1. 

	Ericsson
	In connected mode, every time we send data we need a UE specific TA estimation, this then applied together with open loop TA before uplink transmission.

	Huawei
	Option 1.

	CATT
	Support option 1. Similar as Issue 2-1-1

	ZTE
	Support option 1.

	Nokia
	The UE behaviour needs to be defined in order to ensure that closed loop (network based TA) and open loop (UE precompensating) does not lead to instability.

	THALES
	Option 1, as also previously explained.



Issue 2-1-4: The validity of ephemeris information
· Option 1: (Apple)
· The ephemeris information is valid at UE side when the NTN ephemeris validity timer is running otherwise ephemeris information is invalid.
· RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.
· Option 2: (CMCC)
· Do not specify the requirements when the ephemeris information is invalid or expired at UE side.
· Option 3: (Xiaomi)
· The UE behaviour when the satellite ephemeris information is invalid or expired at UE side is up to RAN1’s decision.
· Recommended WF
· In RAN4#100e meeting, it was agreed that RAN4 assumes the valid ephemeris information is guaranteed for the UE transmit timing requirement test in WF (R4-2115346).
· Companies are encouraged to provide the views on whether define the requirement and UE behaviour when the ephemeris information is invalid or expired at UE side.
	Company
	Comments

	XXXQualcomm
	Option 1 and 2.

	Apple
	Support option 1 and option 2.

	CMCC
	Option 1 and 2. Focus on the typical scenario of valid ephemeris information.

	Xiaomi
	Fine with option 1 and 2, and the UE behaviour when the satellite ephemeris information is invalid will be discussed in RAN1

	LGE
	Support option 1 and option 2 for RRM riming related requirements according to RAN1 agreement (UE assumes that it has lost uplink synchronization if new or additional assistance information is not available within the associated validity duration).

	MTK
	Option 1 and 2.

	Ericsson
	We agree to option 3 and option 1 (the WF R4-2115346).

	CATT
	We support option 1&2. In previous meeting, it has been agreed we can only assume the ephemeris information is valid.

	ZTE
	Option 1.

	Nokia 
	Option 1.

	THALES
	Option 1, 2, but RAN1 has already decided, so Option 3 is valid as well. What is the issue here? RAN4 should clarify what is the issue here and what to be defined.

Please note that that in last RAN1 meeting, the following has been agreed:
Agreement:
“The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information”

Therefore, option 3 is also valid.

Could you please reformulate the questions/options?



Issue 2-1-5: whether to define a separate accuracy requirement for self-estimated TA common ()?
· Option 1: (Ericsson)
· Yes. Allocate 1 Ts error allocation to , around the nominal (perfect) feeder link delay, assuming an NCC ephemeris data update every 5 minutes.
	Frequency Range
	SCS of uplink signals (kHz)
	Te

	1
	15
	1.0*64*Tc

	 
	30
	1.0*64*Tc

	 
	60
	1.0*64*Tc



· Option 2: (Apple, CMCC, Xiaomi, MTK, OPPO)
· No.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Option 2.

	Apple 
	Option 2.

	CMCC
	Option 2.

	Xiaomi
	Option 2

	LGE
	Support option 2

	MTK
	Prefer to Option 2. 
UE UL timing requirement can be defined based on the nominal , configured by network.  

	Ericsson
	Option 1: We need some control of total error budget from UE TX to BS RX. The feeder link is part of that system.

	Huawei
	Option 2

	CATT
	Support option 2. NTA,common is broadcasted by NW. Why to estimate?

	ZTE
	Option 2.

	THALES
	We need to define a requirement. We can agree with Ericsson that at least the budget error for Common TA is ~1 Ts.




Issue 2-1-6: whether to define a separate accuracy requirement for the combination of  ?
· Option 1: ()
· Yes.
· Option 2: (Apple, CMCC, Xiaomi, MTK, OPPO)
· No.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Option 2.

	Apple
	Option 2.

	CMCC
	Option 2.

	Xiaomi
	Option 2

	LGE
	Support option 2

	MTK
	Same comment as Issue 2-1-5.

	Ericsson
	Option 2.

	Huawei
	Option 2

	CATT
	Option 2.

	ZTE
	Option 2.

	THALES
	Option 2.




Initial UE transmit timing error requirements
Issue 2-2-1: Timing error due to GNSS positioning accuracy (Te_GNSS).
· Option 1: (CATT, Apple, CMCC, OPPO)
· 2* (GNSS positioning accuracy/c)
· Recommended WF
· Te_GNSS = 2* (GNSS positioning accuracy/c).
	Company
	Comments

	XXXQualcomm
	Okay with Option 1. If we want the error to be very precisely modeled, an elevation angle should also be taken into account because GNSS positioning accuracy is not 3D-positioning error in our understanding.

	Apple
	Support Option 1 in worst case.

	Intel
	We support option 1.

	CMCC
	Ok with the recommended WF.

	Xiaomi
	Option 1 is fine

	LGE
	Support option 1.

	MTK 
	Fine with the recommended WF. 

	Ericsson
	The WF is fine.

	Huawei
	Agree with the recommended WF.

	CATT
	Support Recommended WF.

	ZTE
	Agree with the recommended WF.

	THALES
	Ok with the WF and Option 1.



Issue 2-2-2: Timing error due to serving-satellite position estimation error (Te_SAT).
· Option 1: (CATT, Apple, CMCC)
· 2* (serving-satellite positioning accuracy/c)
· Recommended WF
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c).
	Company
	Comments

	XXXQualcomm
	Agree with Recommended WF.

	Apple
	Support Option 1 in worst case.

	Intel
	OK with the recommended WF.

	CMCC
	Ok with the recommended WF.

	Xiaomi
	Support the recommended WF

	LGE
	Support option 1

	MTK 
	Fine with the recommended WF. 

	Ericsson
	The WF is fine

	Huawei
	Agree with the recommended WF.

	CATT
	Support Recommended WF.

	ZTE
	Agree with the recommended WF.

	THALES
	Ok with the WF and option 1.



Issue 2-2-3: The error(s) should be accounted for Te_SAT.
· Option 1a: (CATT, Apple, Xiaomi, ZTE)
· Te_SAT is the error from calculation model used by UE side.
· Option 1b: (Qualcomm)
· RAN4 NTN UE timing requirements shall be based on PV ephemeris format and shall not include an error due to inaccurate ephemeris information from NW.
· Option 1c: (OPPO)
· At least the error from calculation model used by UE side should be considered
· Whether the error due to outdated/inaccurate ephemeris information should be considered is up to how to derive the time reference for UE transmission.
· Option 2: (LGE, Huawei)
· Te_SAT is the error from calculation model used by UE side and error due to inaccurate ephemeris information for Te_SAT.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Support Option 1b. We do not disagree with Option 1a, but it is unclear which model should be assumed here.

	Apple
	Option 1a. To clarify the model: Te_SAT is the error from orbital propagator calculation model used by UE side.

	CMCC
	Option 1a. 

	Xiaomi
	Option 1a

	LGE
	The error due to inaccurate ephemeris information could affect the overall timing error. So, we prefer option 2.

	MTK
	One clarification question on Option 1a, does 1a also include the inaccuracy due to the step size of PV ephemeris format? 

	Ericsson
	Option 2

	Huawei
	If the ideal UE specific TA is defined to pre-compensate the actual service link delay (propagation delay between serving satellite and UE), then the error due to inaccurate ephemeris information need to be considered. And we support option 2.

	CATT
	Support option 1a. The half part of option 2 is the same as option 1. We do not agree the second half of option 2.

	ZTE
	Option 1a. 

	THALES
	Option 2 is more adequate because we need to take into account the Ephemeris information accuracy (as a result of orbit propagation error at the network control center, plus the orbit propagation at the UE side).
Te_SAT is the error from calculation model used by UE side and error due to inaccurate ephemeris information for Te_SAT.




Issue 2-2-4: The value for Te_SAT.
· Option 1: (Apple)
· 10*Ts assuming the same value as UE position estimation error.
· Option 2: (Xiaomi, QC)
· 1*Ts assuming the serving satellite position estimation error is 5m.
· Option 3: (MTK, Ericsson)
· 0.8*Ts assuming the serving satellite position estimation error is 3.87m.
· Option 4: (Huawei)
· 6*Ts assuming the serving satellite position estimation error is 30m.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Option 2.

	Apple
	Support Option 1. In last RAN4 meeting, it was agreed on ephemeris format that:
-The quantization step is [1.3m] for position
-The quantization step is [0.06 m/s] for Velocity
If the validity timer is 30s, the total RTT error based on ephemeris information is 3.1*2=6.2m; however, we also need to consider the error from UE orbital propagator calculation model. So we cannot agree on option 2 and 3.

	CMCC
	Option 2 is fine for us.

	Xiaomi
	Option 2 and option 3 is fine for us

	MTK
	Option 2 and option 3 are fine for us.

	Ericsson
	Option 3.

	Huawei
	We cannot agree with option 2 and 3. The error from inaccurate ephemeris information needs to be considered.

	CATT
	Fine with option 2 and option 3.

	THALES
	It seems that we are discussing different issues; maybe the question requires some clarification. Are we discussing here about only i) the errors due to orbit propagation at network control center or the ii) errors due to orbit propagation at the UE? Normally we should consider both i) the errors due to orbit propagation at network control center plus ii) the errors due to orbit propagation at the UE in the Te_SAT.

It seems that there is a confusion, which deserves some clarification.

With respect to Te_SAT (which includes both i) and ii) ):
In our tdoc R4-2119505 we assume 30m for the satellite position error Te_SAT, and we also explain why. This information has been shared with other companies since (at least) 3 meetings ago.
Moreover, we further use this information to derive e.g. Te_NTN.
With respect to i) (the values proposed by other companies, which do not include ii) ) :
By taking into account propagation model errors, satellite position can be predicted 60 seconds ahead with only max error of 1.47m and 5 minutes ahead with max error of 3.87m in case of  initial 3D Position RMS Error = 0.5 m and 3D Velocity RMS Error = 0.5 mm/s (“Typical” Precision Orbit Determination used for telecommunication satellites).
Table 3 Satellite PV errors - propagation model errors not taken into account
[image: ]

Table 4 Satellite PV errors - propagation model errors taken into account
[image: ]

Observation 7: Typical Precision Orbit Determination (initial 3D Position RMS Error = 0.5 m and 3D Velocity RMS Error = 0.5 mm/s) allows Satellite position prediction 60 seconds ahead with max error of 1.47m and 5 minutes ahead with max error of 3.87m.

We should consider 30m for Te_SAT, and therefore Option 4 may be a possible alternative. The other values from other options are too low.

The Te_SAT has to consider also the error at UE side (i.e. the errors due to orbit propagation at the UE).




Issue 2-2-5: Whether the equation of Te_NTN = Te + Te_GNSS + Te_SAT is captured in specification?
· Option 1: (CATT, Apple, CMCC)
· No
· Recommended WF
· The equation of Te_NTN = Te + Te_GNSS + Te_SAT is not captured in specification.
	Company
	Comments

	XXXQualcomm
	Option 1.

	Apple
	Option 1.

	Intel
	Option 1 and OK with the recommended WF.

	CMCC
	Support the recommended WF.

	Xiaomi
	Support the recommended WF

	LGE
	Support option 1.

	MTK 
	Fine with the recommended WF. 

	Ericsson
	The WF is fine.

	Huawei
	Agree with the recommended WF

	CATT
	Support the Recommended WF.

	ZTE
	Agree with the recommended WF.

	THALES
	It can be, it the derivation is based on this equation as shown in R4-2119505.
Could companies clarify why this equation should not be captured? It has been already agreed on the GTW RRM session in previous RAN4#100-e meeting.



Issue 2-2-6: Whether introduce the Te_NTN requirement for UL SCS = 60 KHz in Rel-17?
· Option 1: (Ericsson, Qualcomm)
· No
· Option 2: (CMCC, MTK, Huawei)
· FFS
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Option 1.
Even with SSB SCS 30kHz, the criterion can be met by a small margin only when 2D UE position estimation error can be smaller than 10m, which is unlikely.

	Apple
	Fine with option 2.

	CMCC
	Option 1 is fine for us.

	Xiaomi
	Fine with option 1

	MTK
	Fine with option 1

	Ericsson
	Option 1.

	Huawei
	We can accept option 1.

	CATT
	Support option 1. The schedule it tight for R17.

	ZTE
	Fine with option 1

	Nokia
	Option 1

	THALES
	We could introduce Te_NTN requirement for UL SCS = 60 KHz in Rel-17 (e.g. Option 2). The computations provided in R4-2119505 show this would be possible.



Issue 2-2-7: If yes for issue 2-2-6, the GNSS accuracy assumption for UL SCS = 60 KHz in Rel-17?
· Option 1: (Apple, Xiaomi, CATT)
· 50m
· Option 2: ()
· FFS
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXApple
	Option 1

	Ericsson
	We can not close the time uncertainty budget even with 0 m GNSS inaccuracy, unless other fundamental uncertainties, like existing bassline TN Te is improved.

	CATT
	We support to use single GNSS accuracy. But not mention it is applicable for 60kHz.

	THALES
	The computations provided in R4-2119505 with Option 1 show this would be possible. The criteria of Te_NTN<CP/2 is still met.



Issue 2-2-8: The max tolerance for NTN UL timing error?
· Option 1: (CATT)
· CP/3 for all SCS.
· Option 2: (Apple)
· (CP – 8*64*Tc)/3 for FR1.
· Option 3: (CMCC)
· 0.5*CP - Delay_spread - error of NTA-common - TA adjustment error.
· Option 4: (Qualcomm)
· T_cp/2 -T_ch
· T_cp: CP length of UL SCS
· T_ch: 250ns for FR1
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	XXXQualcomm
	Option 4. We don’t understand where the denominator of 3 is coming from in Option 1 and 3.

	Apple
	Option 2. The denominator 3 is because in our paper, we summarized the ratios for legacy Te/CP, and in the worst case network could tolerate the Te as high as 27.8%*CP_length in FR1, roughly as 1/3. 

	CMCC
	Option 3 with 1st priority, Option 4 with 2nd priority.
Based on our calculation, this max tolerance will only set limitation to the Te_NTN for 60kHz, regardless of Option1,2,3 or 4. If Option 1 is agreed in Issue 2-2-6, then we may not need to define this max tolerance equation since it will not specify in the end.

	Xiaomi
	Fine with option 4

	MTK
	Fine with option 4

	Ericsson
	We get (CP – 2*Te_NTN) > Delay_spread. One UE can be at +Te_NTN, another UE at -Te_NTN  CP/2 -Delay_spread/2 > Te_NTN. We have used 245 ns delay spread. 250 ns is fine-

	CATT
	Support option 1. If remove NTA, common in option 3, we can agree it.  0.5*CP - Delay_spread - error of TA adjustment error.

	THALES
	Below CP/2 as stated in our Tdoc R4-2119505.
We agree with Ericsson and Qualcomm, with the comment that the NTN delay spread is very low and could be neglected.
Agree with option 4.



Issue 2-2-9: Requirement of initial transmit timing error (Te_NTN)
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	
	
	Apple
	CMCC
	Xiaomi
	Ericsson
	MTK
	Huawei
	QC
	THALES

	15
	15
	32.5*64*Tc
	23*64*Tc
	17.5*64*Tc
	23*64*Tc
	25*64*Tc
	[28]*64*Tc
	24*64*Tc
	20.186*64*Tc

	
	30
	22*64*Tc
	21*64*Tc
	15.5*64*Tc
	21*64*Tc
	23*64*Tc
	[26]*64*Tc
	22*64*Tc
	18.186*64*Tc

	
	60
	10*64*Tc
	
	15.5*64*Tc
	
	FFS
	[X3]*64*Tc
	NA
	18.186*64*Tc

	30
	15
	28.5*64*Tc
	19*64*Tc
	13.5*64*Tc
	19*64*Tc
	21*64*Tc
	[24]*64*Tc
	20*64*Tc
	16.186*64*Tc

	
	30
	22*64*Tc
	19*64*Tc
	13.5*64*Tc
	19*64*Tc
	21*64*Tc
	[24]*64*Tc
	20*64*Tc
	16.186*64*Tc

	
	60
	10*64*Tc
	
	12.5*64*Tc
	
	FFS
	[Y3]*64*Tc
	NA
	 15.186*64*Tc

	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

	XXXQualcomm
	We think our proposal looks like a good compromise if we exclude some outlying numbers deviating from the average.

	Apple
	Up to the conclusions from other issues.

	Intel
	We can go with either CMCC or QC proposals.

	CMCC
	We observed that 5 companies have results similar to us, and Ericsson’s results is same with us. We prefer the values in our and Ericsson’s proposal.

	Xiaomi
	Up to the conclusion from other issues, and we also think the value may need to be derived from the average value based on the proposal from companies.

	Ericsson
	We are fine with Ericsson = CMCC or better, that is Xiaomi and Thales..

	CATT
	Depends on other issues.

	THALES
	All values are very similar and are below CP/2.
Our values were computed based on maximum 50m GNSS error assumption 30m NTN satellite position error, the total error would correspond to maximum 50+30m=80m. If we neglect the impact of the Delay Spread, the specific timing NTN error would be 80m/(3*108m/s)=0.2(6)µs equivalent to 8.186*64*Tc, which can be added to the legacy Timing Error Limit.



Issue 2-2-10: The clarification on reference time.
· Option 1: (CATT)
· “NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay” should be included in UE transmit timing definition.
· Option 2: (Apple)
· Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.
· Option 3: (CMCC)
· The clarification on NTA,UE-specific in reference timing definition is needed, which should be ideal service link delay.
· Option 4: (Qualcomm)
· Reference timing for N_{TA,UE-specific} is the slot when the UL transmission is supposed to arrive at the target satellite based on true satellite position.
· Reference timing for N_{TA,common} is derived according to N_{TA, common} related parameters broadcasted within a validity duration
· Downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Support Option 4.
What Option 4 tries to clarify is time-varying properties of the parameters should be clearly defined. And it should be also reflected to DL frame boundary. For example, depending on when those parameters are derived by UE, the exact values change, hence, reference time not being static.

	Apple
	Support option 1 and 2. RAN1 already had such definition, we think RAN4 doesn’t need to change that.

	CMCC
	We support Option 3 with following modification: NTA,UE-specific is the ideal service link RTT delay.
Option 1 and Option 2 exclude UE-specific timing error from Te_NTN, which are not algin with Te_NTN definition.
We are open to discuss the first two bullets in Option4, which are the reference timing for NTA,UE-specific and NTA,common.

	Xiaomi
	Option 2

	Ericsson
	Option 3

	Huawei
	It depends on the conclusion of issue 2-2-4/6.

	CATT
	Support Option 1&2

	ZTE
	We prefer option 2.

	THALES
	Requires further discussion, but maybe at least we can agree on . 
Otherwise, all options seem valid.



Gradual timing adjustment requirements
Issue 2-3-1: The principle for gradual timing adjustment.
· Option 1: (Apple)
· Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate
· the design principle for gradual timing adjustment requirement is:

· Option 2: (CATT)
· The principle for gradual timing adjustment requirement depends on RAN1/2 design of how gNB pre-compensate for the feeder link delay. If gNB can pre-compensate for the feeder link delay change and the transmit timing on satellite is unchanged, gradual timing adjustment requirement can be reused. Otherwise, the rate of gradual timing adjustment requirement can be updated.
· Option 3: (CMCC, Xiaomi)
· Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
· Option 4: (Intel)
· An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
· Option 5: (Huawei)
· The UE performs autonomous timing adjustment according to the common TA drift, the downlink timing drift and the update of UE specific TA.
· Option 6: (MTK)
· When UE has performed UE pre-compensation for UE-specific TA, the amount of gradual timing adjustment should be clarified.
· In NTN, gradual timing adjustment requirement can be replaced by UE specific TA requirement, which can be verified by the timing error limit Te,NTN.
· Option 7: (QC)
· NTN gradual timing adjustment requirement should be the same as the current gradual timing adjustment requirement with the following modifications:
· The time reference for the gradual timing adjustment requirement follows the same definition of the time reference for UT initial transmit timing error requirement, i.e. UE autonomous TA adjustment due to updates of satellite position prediction and feeder link time drift shall be accounted for in the definition of reference timing not in the number of samples for the allowed gradual timing adjustment.
· To resolve an uncertainty on the amount of additional TA adjustment due to UE position estimation, the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.

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

	XXXQualcomm
	Support Option 7.
The current gradual timing adjustment requirement is to verify how UE reflects the estimated DL frame boundary drift to UL transmit timing when both UE and gNB are static in terms of mobility, therefore, UE autonomous TA pre-compensation corresponding to UE position change, satellite position change, and feeder link timing drift amount shall not eat into the allowed min/max aggregated adjustment rate. For this, RAN4 can update the definition of the current reference timing taking into account those factors, i.e. the reference timing shall include time variation due to satellite position change and feeder link timing drift amount.
Relaxing UE gradual timing adjustment requirement just to accommodate the timing change/drift due to satellite position change and feeder link time drift will make the requirement specification complicated unnecessarily, i.e. it will create multiple tables for different satellite types and altitudes without any added value.
If any relaxation is introduced just due to time-varying open-loop TA value, the relaxation should be very accurate, i.e. the additional relaxation shall be a function of altitude, elevation angle, etc. Otherwise, the original purpose of the gradual timing adjustment requirement won’t be valid.

	Apple
	Support option 1, following the same logic as legacy Tq/Tp requirement.

	CMCC
	Option [1], 3, 4 and 5.
In our understanding, the update of UE specific TA should be counted in gradual timing adjustment requirement, which is cause by UE and satellite movement. The existing gradual timing adjustment requirement also cover the DL timing drift due to UE movement.
The Tq_NTN in the equation of Option 1 maybe need further update according to the adjustment rate.

	Xiaomi
	Option 3, the propagation delay variation and double correction issue for open and closed loop control should be considered in gradual timing adjustment requirement.

	MTK
	Option 6. 
Our understanding on the gradual timing adjustment requirement is to verify how UE reflects the estimated DL frame boundary drift, which has been compensated by UE via UE specific TA and covered by Te_NTN requirement.  
Significantly increase the value of Tq/Tp, especially in LEO, complicates the requirements unnecessarily and cause confusions. 
We would like to clarify the definition of NTN gradual timing adjustment requirement. Should the following  timing drift be considered in NTN gradual timing adjustment requirement, given UE has performed correspondingly autonomous TA pre-compensation
· UE position change, 
· satellite position change 
· feeder link timing drift (it has been discussed in Issue 2-3-5)

	Ericsson
	Option 1,2,4,5 but also option 6 (In NTN, gradual timing adjustment requirement can be replaced by UE specific TA requirement, which can be verified by the timing error limit Te,NTN.). In connected mode, every time we send data we need a UE specific TA estimation. One way could be to define a new rule for that and a test as proposed in option 6.

	Huawei
	We support options 3/4/5.

	CATT
	Support Option 2. And option 3 in condition.

	ZTE
	We support option 2 and option 3.

	THALES
	The amount of gradual timing adjustment should be clarified.
For the time being, option 6 seems fine.



Issue 2-3-2: UE behaviour for gradual timing adjustment for NTN UE
· Option 1: (CATT)
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: (Apple, CMCC, MTK)
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Option 3: (Huawei)
· For NTN network, RAN4 needs to study whether to define respective gradual timing adjustment requirements for estimated TA updating and downlink timing drift.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	We don’t think RAN4 need to discuss UE behavior.

	Apple
	Option 2.

	CMCC
	Option 2. We think this issue is to help calculate the Tq and Tp instead of define UE behavior. When define the new gradual adjustment requirement, we should assume that UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. 

	Xiaomi
	Option 2

	MTK
	Option 2. We think this issue is not intending to specify UE behavior but to have a common understanding to define NTN gradual adjustment requirement. 

	Ericsson
	Option 1.

	Huawei
	We can agree with option 2 if the common TA drift is also considered.
Based on RAN1’s agreements, common TA may include parameter(s) indicating timing drift, and the UE needs to perform common TA estimation according to the parameters. RAN1 assumes that there is no offset between the common TA according to the parameters provided by the network and the actual feeder link RTT. In LEO scenario, the network possibly will indicate the timing drift used for UE estimating common TA. In this case, common TA updating shall also be taken into account for gradual timing adjustment requirements. The self-estimated TA updating includes both UE specific TA change and common TA change.

	CATT
	Support option 1. Tp and Tq are for the NTA adjustment but not for UE specific TA.

	THALES
	UE behavior is in general an implementation-related issue. However, Option 2 seems fine.



Issue 2-3-3: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO.
· Option 1: (CATT, Apple, Xiaomi)
· Yes, RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, MEO, LEO, etc.
· Option 2: (Intel, Huawei, Intel, OPPO, ZTE, Huawei, QC)
· No, RAN4 to define the same gradual timing adjustment requirements for different NTN topologies.
· Option 3: (QC)
· No, the requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Support Option 3.
UE UL timing accuracies and functionalities related to non-GEO based NTN can be verified by initial transmit timing error requirements.

	Apple
	Option 1, since the delay variation could be quite different among GEO, MEO and LEO.

	CMCC
	We think this issue is highly depend on whether exist the kind of terminal only works in specific NTN topology. If exist, then Option 1 is reasonable, if not, then Option 2 is preferred.

	Xiaomi
	Option 1, if the network type is indicated to UE, then it is reasonable to define different requirements for different NTN topologies.

	MTK
	Support Option 3. Applying the current gradual timing adjustment requirements in LEO cause the confusion because estimated DL frame boundary drift in LEO is dominated by the satellite position change and has been compensated by UE via UE specific TA, which is already covered by Te_NTN requirement.  

	Ericsson
	We have opted for option 2 in our contribution, and picked the hardest case, i.e. LEO. If orbit type is available for UE and network, then option 2 is possible.

	Huawei
	We prefer option 2. Option 1 is acceptable for us and we suggest only to consider GEO and LEO firstly.

	CATT
	Support option 1. We think GEO will reuse legacy requirements while others may update.

	ZTE
	We prefer option 2. From the implementation point of view,  the UE can work under different NTN topologies.

	THALES
	Option 3.



Issue 2-3-4: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: (CATT, Apple, CMCC, Xiaomi, Ericsson, MTK, Huawei)
· Yes
· RAN4 sends LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO (Apple)
· Recommended WF
· The maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN.
· Companies are encouraged to provide the views on whether RAN4 needs to send LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO.
	Company
	Comments

	XXXQualcomm
	Do not agree with Option 1.
If the idea of sending LS to RAN1 is to increase the current gradual timing adjustment requirement by the confirmed maximum delay variation for each satellite type, this is to us really making the requirement useless because the amount of relaxation will be more than necessary.

	Apple
	Support option 1. The delay variation is unclear so far and the autonomous timing adjustment  requirement needs such delay variation as an input. The Tp/Tq would be different between GEO and LEO in our understanding. 

	Intel
	We support the recommended WF.

	CMCC
	Agree with Recommended WF. Now we assume +/- 40 µs/sec, if most of companies are doubt this assumption, we are fine to send LS to RAN1 for confirmation.

	Xiaomi
	Option 1

	MTK
	Depending on Issue 2-3-1. First, RAN4 needs to discuss whether to take the maximum delay variation for the round trip delay to define gradual timing adjustment requirement.
To our understanding, the delay variation can be compensated by UE autonomous TA pre-compensation, and it is not needed to be taken into account in the NTN gradual timing adjustment requirement.

	Ericsson
	The WF is fine. TR 38.821, Solutions for NR to support non-terrestrial networks (NTN), assume dRTT/dt = ± 93 µs/s. from Table 7.1-1 in TR.

	CATT
	Support to send LS.

	THALES
	The issue needs further discussion, but we are not against sending an LS. 
However, we do not understand the comment from Ericsson, the current assumption in TR 38.821 for the maximum delay variation is up to +/- 40 µs/sec (Worst case). Agree with CMCC.



Issue 2-3-5: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: (CMCC)
· Yes
· Option 1a: (CATT)
· If gNB can’t pre-compensate for the feeder link delay change to make transmit timing on satellite is unchanged, the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.
· Option 2: (Apple)
· No
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Option 2.
In RAN1#106b-e meeting, the following working assumption was confirmed.
Agreement:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.


	Apple 
	Option 2.

	CMCC
	Option 1a is also ok for us.

	Xiaomi
	Option 2

	MTK
	Option 2

	Ericsson
	Option 1 and option 1a.

	Huawei
	Option 1.
RAN1 assumes that there is no offset between the common TA according to the parameters provided by the network and the actual feeder link RTT. In LEO scenario, the common TA possibly include parameter(s) indicating timing drift, and the UE needs to perform common TA estimation according to the parameters. For this case, common TA updating (i.e. feeder link timing drift) shall also be considered in gradual timing adjustment requirements. 

	CATT
	Support option 1&1a.  

	ZTE
	Option 1 and 1a.

	THALES
	Option 2. 

We are also confirming the working assumption from RAN1. As also mentioned in R4-2119505, the following proposal indicating how the NTN UE shall apply its TA has been agreed in latest RAN1 (Oct 19th 2021):
	RAN1 Agreement:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.







Issue 2-3-6: The gradual timing adjustment requirement
· Option 1: (Apple)
· For LEO, 
· 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 100ms.
· 3) The maximum aggregate adjustment rate shall be Tq_NTN per 20 ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN for LEO
	Tp_NTN for LEO

	1
	15
	29.5*64*Tc
	29.5*64*Tc

	
	30
	29.5*64*Tc
	29.5*64*Tc

	
	60
	27.5*64*Tc
	27.5*64*Tc

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



· Option 2: (CMCC)
· For LEO topology,
· The minimum aggregate adjustment rate shall be Tp_NTN=25.5*64*Tc per 100ms
· The maximum aggregate adjustment rate shall be Tq_NTN=25.5*64*Tc per 20 ms.
· Option 3: (Xiaomi)
· In LEO scenario,
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 25*Ts.
· The minimum aggregate adjustment rate shall be Tp_NTN = 100Ts per 100ms.
· The maximum aggregate adjustment rate shall be Tq_NTN = 25*Ts per 20 ms.
· Option 4: (Ericsson)
· Define Gradual Timing Adjustment as listed in table 8.
· 1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
· 2)	The minimum aggregate adjustment rate shall be Tp per second.
· 3)	The maximum aggregate adjustment rate shall be Tq per 4.3 ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

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

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	
	

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]



· Option 5: (Huawei)
· It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN network.
Table 1: Timing drift for NTN network
	Parameters
	Values

	Frequency range
	FR1
	FR2

	UL SCS
	15kHz
	15kHz
	15kHz
	60kHz
	120kHz

	BWmin
	5MHz
	5MHz
	10MHz
	50MHz
	50MHz

	Sampling interval
	4Ts
	4Ts
	2Ts
	0.5Ts
	0.5Ts

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

	Max delay variation (per 200ms)
	8us
	8us
	8us
	8us
	8us

	Max downlink timing drift
(per 200ms)
	8us
	8us
	8us
	8us
	8us

	Max TA variation per 200ms
	16us
	16us
	16us
	16us
	16us

	Tq for downlink timing drift
	w/o DigRF error
	248Ts
	248Ts
	248Ts
	246.5Ts
	246.5Ts

	
	w/ DigRF error
	249.5Ts
	249.5Ts
	249.5Ts
	248Ts
	248Ts

	Tq for TA variation
	w/o DigRF error
	496Ts
	496Ts
	494Ts
	492.5Ts
	492.5Ts

	
	w/ DigRF error
	497.5Ts
	497.5Ts
	495.5Ts
	494Ts
	494Ts

	Tq for combining downlink timing drift and TA variation 
	w/o DigRF error
	248Ts
	248Ts
	248Ts
	246.5Ts
	246.5Ts

	
	w/ DigRF error
	249.5Ts
	249.5Ts
	249.5Ts
	248Ts
	248Ts

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



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

	XXXQualcomm
	We’d like to add Option 6 based on our proposal in Issue 2-3-1, and the supporting argument is reproduced below:
The current gradual timing adjustment requirement is to verify how UE reflects the estimated DL frame boundary drift to UL transmit timing when both UE and gNB are static in terms of mobility, therefore, UE autonomous TA pre-compensation corresponding to UE position change, satellite position change, and feeder link timing drift amount shall not eat into the allowed min/max aggregated adjustment rate. For this, RAN4 can update the definition of the current reference timing taking into account those factors, i.e. the reference timing shall include time variation due to satellite position change and feeder link timing drift amount.
Relaxing UE gradual timing adjustment requirement just to accommodate the timing change/drift due to satellite position change and feeder link time drift will make the requirement specification complicated unnecessarily, i.e. it will create multiple tables for different satellite types and altitudes without any added value.
If any relaxation is introduced just due to time-varying open-loop TA value, the relaxation should be very accurate, i.e. the additional relaxation shall be a function of altitude, elevation angle, etc. Otherwise, the original purpose of the gradual timing adjustment requirement won’t be valid.
Option 6: (Qualcomm)
· NTN gradual timing adjustment requirement should be the same as the current gradual timing adjustment requirement with the following modifications:
· The time reference for the gradual timing adjustment requirement follows the same definition of the time reference for UT initial transmit timing error requirement, i.e. UE autonomous TA adjustment due to updates of satellite position prediction and feeder link time drift shall be accounted for in the definition of reference timing not in the number of samples for the allowed gradual timing adjustment.
· To resolve an uncertainty on the amount of additional TA adjustment due to UE position estimation, the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.


	Apple
	Support option 1. Up to the discussion in issue 2-3-1. The difference to option 5 is: we assume different adjustment window and we didn’t double the delay variation for TA (we think the delay variation impact would be same as network side time drifting and no need to double it for TA)

	CMCC
	The specific values can be calculated after reaching conclusion about Issue 2-3-1 to Issue 2-3-5.

	Xiaomi
	Up to the conclusion on other issues. 

	MTK
	Up to the conclusion on other issues.

	Ericsson
	Option 4,

	Huawei
	It depends on the discussion on the issues 2-3-1/2/3/4/5. 

	THALES
	Let us first see the conclusions from the other issues (e.g. Issue 2-3-1).



Issue 2-3-7: For GEO scenarios, whether the existing gradual timing adjustment requirement can be applied
· Option 1: (Apple, CATT, Xiaomi)
· Yes
· Option 1a: (QC)
· Yes, but the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· Option 2: ()
· FFS
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	QualcommXXX
	Option 1a.
The reason we propose to extend the current requirement by [X]% of the effective UE position estimation error is because UE may continuously estimate its position and run open-loop TA control even if its actual position doesn’t change at all during the test.

	Apple
	Option 1.

	CMCC
	FFS. 
The UE mobility in NTN scenario is larger than that in TN scenario, whether the existing requirement can cover this UE mobility need FFS.

	Xiaomi
	Option 1

	MTK
	We think the existing gradual timing adjustment requirement can be a starting point. RAN4 can further discuss the necessary relaxation or enhancement. 

	Ericsson
	In principle yes, but is orbit type know to UE and network?

	Huawei
	Option 2.
The UE speed in GEO NTN scenario is up to 1200km/h, which is different with the assumption for TN scenario.

	CATT
	Support option 1.

	THALES
	Option 1. We could have a working assumption of reusing existing gradual timing adjustment requirement as starting point, at least for GEO.



TA adjustment accuracy requirements
Issue 2-4-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement.
· Option 1: (Xiaomi)
· The accuracy due to UE specific TA adjustment is excluded from the definition of TA adjustment accuracy in NR NTN scenario.
· Option 1a: (QC)
· TA adjustment error margin shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· Option 2: (Apple)
· UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
· Recommended WF
· Companies are encouraged to provide the views on this issue. 
	Company
	Comments

	XXXQualcomm
	Option 1a.
The reason we propose to extend the current requirement by [X]% of the effective UE position estimation error is because UE may continuously estimate its position and run open-loop TA control even if its actual position doesn’t change at all during the test.

	Apple
	Support option 1 and 2. These two options are same.

	CMCC
	Option 2.

	Xiaomi
	Support option 1 and 2

	LGE
	As commented by QC, UE would estimate its position and open loop TA, so additional error could occur. So, we think that errors due to position estimation should be considered. 

	MTK
	More discussion is needed. We see the intension of Option 1a. Considering UE is running open-loop TA, the uncertainty of open-loop TA may impact on the UL timing when UE is applying the TA adjustment. 

	Ericsson
	TA adjustment accuracy is a local characteristic f a UE to execute an ordered TA withing uncertainty limits. This means that option 1 and option 2 are fine.

	Huawei
	Support option 1 and 2.

	ZTE
	Option 1 and 2 are the same.

	THALES
	Should further be discussed.
Maybe options 1 and 2 could be combined together, for the second round.



Issue 2-4-2: Whether UE specific TA is allowed to be updated within the k slots delay for TAC adjustment.
· Option 1: (Apple)
· UE specific TA is allowed to be updated within the k slots delay for TAC adjustment.
· Recommended WF
· UE specific TA is allowed to be updated within the k slots delay for TAC adjustment.
	Company
	Comments

	XXXQualcomm
	It is unclear to us whether/how different this Issue and Option 1 are from those in Issue 2-4-3.

	Apple 
	Option 1, but agree with QC that this issue could be treated together with issue 2-4-3.

	Ericsson
	WF is fine for us.

	THALES
	Fine if related to Issue 2-4-3.



Issue 2-4-3: Application time of TA adjustment
· Option 1: (Apple, Xiaomi)
· In TA adjustment requirement, RAN4 would refer to RAN1 spec for the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters.
· RAN4 should update the TA adjustment delay requirement in TS38.133 if RAN1 updates TA adjustment delay for NTN.
· Recommended WF
· RAN4 shall introduce the TA adjustment delay requirement for NTN in TS38.133 if the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters is specified in RAN1 specification.
	Company
	Comments

	XXXQualcomm
	Option 1.
The exact application time shall be anyway updated to be complying with RAN1 spec.

	Apple 
	Option 1.

	CMCC
	Ok with the recommended WF.

	Xiaomi
	Option 1

	LGE
	Fine with recommended WF

	MTK
	Ok with the recommended WF.

	Ericsson
	The WF is fine.

	Huawei
	Fine with the recommended WF.

	CATT
	Fine with Recommended WF.

	ZTE
	Agree with the recommended WF.

	THALES
	Fine with recommended WF.



Issue 2-4-4: TA adjustment accuracy requirement in RRC_CONNECTED mode 
· Option 1: (Apple, CMCC, Xiaomi, ZTE, Ericsson, Huawei)
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 1a: (MTK)
· TA adjustment accuracy requirement can be defined as the existing timing advance adjustment accuracy requirements defined in TS 38.133 if UE specific TA is not changed.
· Option 1b: (QC)
· 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 [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
· Option 2: (LGE)
· TA adjustment accuracy should be relaxed depending on updating open loop TA, or RAN4 needs to wait for RAN1 conclusion for the combination of open loop and close loop TA control.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXQualcomm
	Option 1b.
The current TA adjustment requirement is to verify UL transmission timing adjust accuracy in response to MAC TA command. However, when UE applies the received TAC (close-loop TA) to the subsequent UL transmissions, UE autonomous TA pre-compensation (open-loop TA) can be additionally applied. As a consequence, there can be an uncertainty on the accuracy requirement on TA adjustment in response to MAC in the legacy requirement verification mechanism. Therefore, the requirement shall be based on GEO and fixed UE location. 
And the reason we propose to extend the current requirement by [X]% of the effective UE position estimation error is because UE may continuously estimate its position and run open-loop TA control even if its actual position doesn’t change at all during the test. So [X] is proposed to accommodate it.

	Apple
	Option 1. The TA adjustment accuracy requirement is only to verify if UE could adjust the timing based on TA command. Thus, the legacy NR TA adjustment accuracy requirement could be reused for NTN case.

	CMCC
	Option 1.

	Xiaomi
	Option 1 is supported

	LGE
	We think this issue is related to Issue 2-4-1 and open loop TA updating issue in ‘double correction’. We are not sure if the existing TA adjustment accuracy requirement could be reused for NTN

	MTK
	Related to Issue 2-4-1, and we have the same comment. We see the intension of Option 1b. Considering UE is running open-loop TA, the uncertainty of open-loop TA may impact on the UL timing when UE is applying the TA adjustment. 

	Ericsson
	Option 1.

	Huawei
	Option 1.

	ZTE
	Option 1.

	THALES
	Option 1 seems fine.



Issue 2-4-5: Application rule for TA adjustment accuracy requirement
· Option 1: (Huawei)
· It is suggested that TA adjustment requirements are applied when the UE receives a TA command by network signalling.
· Recommended WF
· Companies are encouraged to provide views on this issue.
	Company
	Comments

	XXXQualcomm
	What is meant by Option 1 is unclear to us.

	Apple
	Agree with option 1. Without receiving TA command, UE could apply autonomous timing adjustment.

	Xiaomi
	Fine with option 1

	MTK
	Option 1 seems ok. 

	Ericsson
	TA adjustment accuracy requirement shall be applied whenever total TA (open loop, closed loop) is updated,

	Huawei
	We support option 1. 
To QC: only the uplink timing adjustment due to receiving TA command is considered in TA adjustment requirements. The uplink timing adjustment due to self-estimated TA (including common TA and UE specific TA) updating and downlink timing drift can be considered as autonomous timing adjustment.

	THALES
	Ok with option 1, after clarification from Huawei.



Response LS for the incoming LSs (R4-2104462 and R4-2119413) 
Incoming LS (R1-2104462)
RAN1 sent the LS (R1-2104462) to ask RAN4 to provide feedback on NTN UL time and frequency sychronization requirements. RAN4 has replied the feedback LS (R4-2115347) on UL time synchronization requirements for NTN in RAN4#100e meeting. Since the requirements for NTN UE UL timing are FFS, e.g. Te_NTN, Tp_NTN, Tq_NTN and TA adjustment accuracy. Thus, RAN4 may need to provide the further feedback on the requirements for NTN UE UL timing.
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State 
Issue 2-5-1: What are the NTN UL time synchronization requirements? 
· Option 1: (Xiaomi)
The further feedback on Question 1 are summarized as below:
· Initial access 
· Initial transmit timing error requirement 
The UE initial transmission timing error requirement for initial access is defined when the PRACH transmission or the msgA transmission. And the UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in Table 1. In order to derive Te_NTN, RAN4 assumed Te_NTN = Te + Te_GNSS + Te_SAT, where,
· Te is the legacy timing error
· Te_GNSS is the timing error due to GNSS accuracy
· Te_SAT is the timing error due to serving-satellite position estimation error
· Table 1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	17.5*64*Tc

	
	
	30
	15.5*64*Tc

	
	
	60
	15.5*64*Tc

	
	30
	15
	13.5*64*Tc

	
	
	30
	13.5*64*Tc

	
	
	60
	12.5*64*Tc

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



· For UL transmissions in RRC_CONNECTED state
· Initial transmit timing error requirement
The UE initial transmission timing error requirement for RRC_CONNECTED is defined when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS in RRC_CONNECTED state. The requirement is the same as Table 1.
· Gradual timing adjustment 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 definition of reference timing is still under discussion. All adjustments made to the UE uplink timing shall follow these rules:
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
· The minimum aggregate adjustment rate shall be Tp_NTN per 100ms.
· The maximum aggregate adjustment rate shall be Tq_NTN per 20ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	25*64*Tc
	100*64*Tc

	
	30
	25*64*Tc
	100*64*Tc

	
	60
	25*64*Tc
	100*64*Tc

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



· TA adjustment accuracy requirement
The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN scenario. 
· Option 2: (Ericsson)
[RAN4]: The UL timing requirements for NTN UE will be specified in RAN4 are summarized as follows: 
· For initial access (i.e. PRACH transmission)
· Initial transmit timing error requirement
The UE initial transmission timing error requirement for initial access is defined when the PRACH transmission or the msgA transmission. And the UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in Table 1. In order to derive Te_NTN, RAN4 assumed Te_NTN = Te + Te_GNSS + Te_SAT, where,
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Te_SAT is the serving-satellite position estimation error
Table 1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[23]*64*Tc

	
	
	30
	[21]*64*Tc

	
	
	60
	

	
	30
	15
	[19]*64*Tc

	
	
	30
	[19]*64*Tc

	
	
	60
	

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


· Te_NTN not defined for UL SCS = 60 kHz, since UL SCS = 60 kHz is not possible with the requirements stated above.
· For UL transmissions in RRC_CONNECTED state
· Initial transmit timing error requirement
The UE initial transmission timing error requirement for RRC_CONNECTED is defined when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS in RRC_CONNECTED state. The requirement is the same as Table 1.
· Gradual timing adjustment 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 definition of reference timing is still under discussion. All adjustments made to the UE uplink timing shall follow these rules:
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
· The minimum aggregate adjustment rate shall be Tp_NTN per [4.3] ms.
· FFS whether X can be different for different types of satellites, altitude, etc.
· The maximum aggregate adjustment rate shall be Tq_NTN per [4.3] ms.
· FFS whether Y can be different for different types of satellites, altitude, etc.
	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
	
	

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


· The requirements are defined for all orbit types.
· Tp_NTN and Tq_NTN are not defined for UL SCS = 60 kHz. 
· TA adjustment accuracy requirement
RAN4 will define existing TA adjustment accuracy also for NTN.
· Recommended WF
· Pending on the conclusion on sub-topic 3.2.1, 3.2.2, 3.2.3 and 3.2.4.
· Companies are encouraged to provide views on whether the further LS is needed or not.
	Company
	Comments

	XXXQualcomm
	Although UL initial transmit timing error for initial access was already included in the LS sent out by RAN4 in the last RAN4#100 e-meeting, we think there are some uncertain/inaccurate information which should be clarified/removed in the follow-up LS, if agreed. For example, the requirement may be applicable only to PRACH transmission which doesn’t have 60kHz SCS in FR1, if we are not wrong. And if PRACH is the only channel that the requirement is applicable, the requirement may not have to be as stringent as other channels because PRACH can have GP and repetitions depending on the format.

	Apple
	Up to the conclusions from above issues.

	CMCC
	Support the recommended WF. The further LS is needed based on our observation.

	Xiaomi
	In general, we prefer to send the LS for the further information, e.g. whether define Te requirement for 60KHz UL SCS case.

	Ericsson
	Option 2.

	Huawei
	Same views as Xiaomi, to send LS for further information from RAN4.

	THALES
	The LS has to be updated based on the conclusions above. RAN1 is waiting RAN4 to reply.



Incoming LS (R4-2119413)
RAN1 sent the LS (R4-2119413) to ask RAN4 to provide feedback on double correction issue related to combination of open and closed loop TA control. 
Question 1: Considering the new open-loop TA control for NTN, will the requirement of  gradual timing adjustment as defined in R4-2115347 apply and, if applies, what’s the reference timing in the requirement?
Issue 2-5-2: Double correction issue related to combination of open and closed loop TA control?
· Option 1: (Apple)
· When UE GNSS/satellite ephemeris/common TA has been changed, for an open-loop TA adjustment, UE may reset the accumulated closed-loop TA adjustment to 0, if the timing difference between the old status and new status is greater than a certain threshold Δopen_loop. Δopen_loop is FFS.
· Option 2: (QC)
· RAN4 to define a new requirement to address the double correction issue (indicated in R1-2110604):
· Option A:  the new requirement is the same as NTN UE initial timing accuracy requirement and the requirement applies to all UL transmissions, i.e. replace gradual timing adjustment with NTN initial timing accuracy requirement.
· Option B: the new requirement is based on NTN gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates.
· Option 3: (LG)
· In NTN, consider closed loop TA adjusts only the timing error due to GNSS and estimation of position, assuming that open loop TA is updated in the slot before uplink transmission..
· Recommended WF
· Companies are encouraged to provide views on this issue. 
· Companies are encouraged to provide views on how to reply the question in RAN1’s LS.
	Company
	Comments

	XXXQualcomm
	Support Option 2.
We do not quite understand whether/how Option 1 can Option 3 can address the issue brought up in the LS.
The double-correction issue is a unique issue that can be found only in NTN system due to the newly introduced open-loop TA loop. As the issue is critical to NW and the whole NTN system, the issue should be properly addressed and regulated by RAN4 requirements.
The detailed observation and simulation results provided in our contribution R4-2119588 are reproduced below:

With GNSS, a UE may update its location on the order of seconds or more due to the minimum amount of time needed for performing a GNSS fix. Thus, the UE keeps using a GNSS location obtained from the previous GNSS fix for seconds or more until the next GNSS fix, and the GNSS location may become outdated as the UE moves, causing an error in the open-loop TA. This error can be corrected by the closed-loop TA. However, after a new GNSS fix, an update in the open-loop TA can correct the error due to UE movement, which has already been fully or partially corrected by the closed-loop TA. This gives rise to the problem of double correction.
We illustrate the double correction problem by simulation results. In the simulation setup, the UE finishes a GNSS fix every 10 seconds, receives a TA command if the timing error is greater than 0.05 µs, and makes a UL transmission every 0.1 second. The UE moves north at a speed of 30 meters/s. The satellite moves from north to south at an altitude of 600km. At time 0, the UE’s GNSS location is [32.896775, -117.201768, 0], and the satellite is right above the UE. The network measures the UL timing error based on the UL transmissions, averages the timing errors in a window of 0.5 sec, and smoothies the average with an AR-1 filter with a weight 0.8 (applied to the raw timing error). After transmitting a TA command, the gNB clears the timing errors in the average window and resets the AR-1 filter. It is assumed that the timing error measurement is perfect at the Network side. The timing error as a function of time is shown in Figure 1. If the open-loop TA and the closed-TA are simply added, then at the time of GNSS fixes a jump in the timing error occurs, caused by the double correction as illustrated as the blue curve in Figure 1. As can be seen from the figure, whenever there is a new GNSS fix, there will be a big jump in UL timing error.
In figure 1, the red line, green line, cyan line, and magenta line are for the maximum aggregate adjustment rate of 6 meters, 5 meters, 4 meters, and 3 meters per adjustment, respectively. Note that a 6-meter location adjustment corresponds to a TA adjustment no more than 12/3e8=0.04 s/adjustment. As a comparison, we also show the timing error for the scheme where the open-loop and the closed-loop TAs are simply added but with the UE location used to calculate the UE-specific fixed at the initial GNSS fix. From the results, it is clear that appropriate slew rate control is effective in mitigating the double correction problem and also outperforms the case where only a first GNSS reading is used without updating. 

[image: ]

Figure 1 Timing error at the gNB: (1) simple addition of the open-loop TA and the closed-loop TA (blue line), (2) max slew rate on the UE location of 6 meters per adjustment (red line), (3) max slew rate on the UE location of 5 meters per adjustment (green line), (4) max slew rate on the UE location of 4 meters per adjustment (cyan line), (5) max slew rate on the UE location of 3 meters per adjustment (magenta line), (6) simple addition of the open-loop TA and the closed-loop TA, but keeping using the initial UE GNSS as the UE location (black line).

In summary, when UE updates its position infrequently, the double correction causes a large timing error fluctuation because when and how much UE position update will be reflected to UL timing pre-compensation is unknown to the receiver, i.e. the network. This can be mitigated either by forcing UE to read and update its position frequently, e.g. mandating GNSS fix read or UE position update before transmission at a rate of [X]Hz, or by defining a new requirement on how often and how much UE is allowed to reflect its position update in UL timing pre-compensation. 
For the former, we can consider applying initial timing accuracy requirement to every single UL transmission, thereby, indirectly mandating GNSS fix read at a high rate. In such a case, we should discard the gradual timing adjustment requirements for NTN UEs.
For the latter, we can define a new requirement in a similar manner as gradual timing adjustment. In such a case, the major different between the two requirements would be what is regulated by the requirement, i.e. the legacy requirement is about so-called slew rate control due to DL reception time change, and the new requirement is a slew rate control due to UE position change.

	Apple
	Option 1.
When there is a large variation for UE timing due to GNSS position fix or new satellite ephemeris parameters, UE may consider to reset the accumulated closed-loop TA adjustment based on the new satellite ephemeris and/or UE GNSS and/or common TA. Since the accumulated closed-loop TA adjustment has been performed under the old UE GNSS or satellite ephemeris until the new one comes, it might be not accurate for the new UE GNSS or satellite ephemeris. Another possibility is if network update the common TA to UE, the accumulated closed-loop TA adjustment based on old common TA may be not accurate either.
However, it doesn’t mean UE shall reset all accumulated TA adjustment based on old UE GNSS or satellite ephemeris or common TA, but UE shall still keep accumulated TA adjustment if the open-loop TA change between the old UE GNSS/satellite ephemeris/common TA and new UE GNSS/satellite ephemeris/common TA is smaller than a certain threshold . If the open-loop TA change is very small, that means open loop cannot help to compensate the part of accumulated close-loop TA adjustments.

	Xiaomi
	In general, we think the double correction issue can be considered in the gradual timing adjustment requirement. UE is required to autonomous adjustment its UL transmit timing within Te to compensate the double correction error for open loop TA control.

	LGE
	Our proposal (proposal 3) is just one of the approaches to avoid double correction problem. Unlike the existing TN, in NTN, if UE updates the open loop TA before uplink transmission, it could replace the existing N_TA. However, there are still timing error due to position estimation for open loop TA, so this error could be corrected by closed loop TA.  
If Issue 2-5-2 is for reply LS from RAN1, we only focus the question of RAN1. RAN1 also still under discussion how to resolve the double correction problem. 

	MTK
	In general, we think the modification on the current requirement is needed to address the double correction issues. 
Option A of Option 2 seems more straightforward to us. 
On Option 1, not very clear on how to determine the value of  Δopen_loop. 

	Ericsson
	Option 2 Option A:  the new requirement is the same as NTN UE initial timing accuracy requirement and the requirement applies to all UL transmissions, could be a way forward.

	Huawei
	

	THALES
	Option 2



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.
	
	Status summary 

	Sub-topic #1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:


UE specific TA estimation error
Issue 2-1-1: Whether to define the update periodicity for UE specific TA estimation?
	
	Status summary 

	Issue 2-1-1
	· Option 1: (Apple, Xiaomi, QC, CMCC, MTK, Huawei, CATT, ZTE, THALES)
· No
· Option 2: (Ericsson)
· Yes, in connected mode, every time we send data we need a UE specific TA estimation.
· Option 3: (LGE)
· Can be discussed in Issue 2-5-2.
After 1st round discussion, 9 companies support option 1, 1 company support option 2, and 1 company suggest it can be discussed in issue 2-5-2. 
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Issue 2-1-2: Whether to define UE behaviour related to updating rate for UE specific TA estimation?
	
	Status summary 

	Issue 2-1-2
	· Option 1: (Apple, Xiaomi, OPPO, ZTE, QC, CMCC, MTK, Huawei, CATT, THALES)
· No, no need to define UE behaviour related to updating rate for UE specific TA estimation.
· Option 2: (Intel, Ericsson)
· Yes, an NTN UE is required to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information.
After 1st round discussion, 11 companies support option 1, 2 companies support option 2. 
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Issue 2-1-3: UE behaviour on UE specific TA updating before applying TA adjustment
	
	Status summary 

	Issue 2-1-3
	· Option 1: (Apple, CMCC, Xiaomi, ZTE, QC, Huawei, CATT, THALES)
· Do not specify UE behaviour on UE specific TA updating before applying TA adjustment.
· Option 2: (LGE, Ericsson, Nokia)
· Define UE behaviour on UE specific TA updating before applying TA adjustment.
After 1st round discussion, 8 companies support option 1, 3 companies support option 2. 
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Issue 2-1-4: The validity of ephemeris information
	
	Status summary 

	Issue 2-1-4
	· Option 1: (Apple, QC, CMCC, Xiaomi, LGE, MTK, Ericsson, CATT, ZTE, Nokia, THALES)
· The ephemeris information is valid at UE side when the NTN ephemeris validity timer is running otherwise ephemeris information is invalid.
· RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.
· Option 2: (Apple, QC, CMCC, Xiaomi, LGE, MTK, Ericsson, CATT, THALES)
· Do not specify the requirements when the ephemeris information is invalid or expired at UE side.
· Option 3: (Xiaomi, Ericsson)
· The UE behaviour when the satellite ephemeris information is invalid or expired at UE side is up to RAN1’s decision.
After 1st round discussion, 11 companies support option 1, 9 companies support option 2, and 2 companies support option 3.
Tentative agreement:
· The ephemeris information is valid at UE side when the NTN ephemeris validity timer is running otherwise ephemeris information is invalid.
· RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.
Recommendations for 2nd round:
· No more discussion in 2nd round.



Issue 2-1-5: whether to define a separate accuracy requirement for self-estimated TA common ()?
	
	Status summary 

	Issue 2-1-5
	· Option 1: (Ericsson, THALES)
· Yes. Allocate 1 Ts error allocation to , around the nominal (perfect) feeder link delay, assuming an NCC ephemeris data update every 5 minutes.
	Frequency Range
	SCS of uplink signals (kHz)
	Te

	1
	15
	1.0*64*Tc

	 
	30
	1.0*64*Tc

	 
	60
	1.0*64*Tc



· Option 2: (Apple, CMCC, Xiaomi, MTK, OPPO, QC, LGE, Huawei, CATT, ZTE)
· No.
After 1st round discussion, 2 companies support option 1, 10 companies support option 2.
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Issue 2-1-6: whether to define a separate accuracy requirement for the combination of  ?
	
	Status summary 

	Issue 2-1-6
	· Option 1: ()
· Yes.
· Option 2: (Apple, CMCC, Xiaomi, MTK, OPPO, QC, LGE, Huawei, CATT, ZTE, Ericsson, THALES)
· No.
After 1st round discussion, all the companies support option 1.
Tentative agreement:
RAN4 not to define a separate accuracy requirement for the combination of  
Recommendations for 2nd round:
· No more discussion in 2nd round.



Initial UE transmit timing error requirements
Issue 2-2-1: Timing error due to GNSS positioning accuracy (Te_GNSS).
	
	Status summary 

	Issue 2-2-1
	· Option 1: (CATT, Apple, CMCC, OPPO, QC, Intel, Xiaomi, LGE, MTK, ZTE, Ericsson, Huawei, THALES)
· 2* (GNSS positioning accuracy/c)
After 1st round discussion, all the companies support option 1.
Tentative agreement:
Te_GNSS = 2* (GNSS positioning accuracy/c)
Recommendations for 2nd round:
· No more discussion in 2nd round.



Issue 2-2-2: Timing error due to serving-satellite position estimation error (Te_SAT).
	
	Status summary 

	Issue 2-2-2
	· Option 1: (CATT, Apple, CMCC, QC, Intel, Xiaomi, LGE, MTK, ZTE, Ericsson, Huawei, THALES)
· 2* (serving-satellite positioning accuracy/c)
After 1st round discussion, all the companies support option 1.
Tentative agreement:
Te_SAT = 2* (serving-satellite positioning estimation accuracy /c)
Recommendations for 2nd round:
· No more discussion in 2nd round.



Issue 2-2-3: The error(s) should be accounted for Te_SAT.
	
	Status summary 

	Issue 2-2-3
	· Option 1a: (CATT, Apple, Xiaomi, ZTE, CMCC)
· Te_SAT is the error from calculation model used by UE side.
· Option 1b: (Qualcomm)
· RAN4 NTN UE timing requirements shall be based on PV ephemeris format and shall not include an error due to inaccurate ephemeris information from NW.
· Option 1c: (OPPO)
· At least the error from calculation model used by UE side should be considered
· Whether the error due to outdated/inaccurate ephemeris information should be considered is up to how to derive the time reference for UE transmission.
· Option 2: (LGE, Huawei, THALES)
· Te_SAT is the error from calculation model used by UE side and error due to inaccurate ephemeris information for Te_SAT.
After 1st round discussion, 5 companies support option 1a, 1 company support option 1b, 1 company support option 1c and 3 companies support option 2.
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Issue 2-2-4: The value for Te_SAT.
	
	Status summary 

	Issue 2-2-4
	· Option 1: (Apple)
· 10*Ts assuming the same value as UE position estimation error.
· Option 2: (Xiaomi, QC, CMCC, MTK, CATT)
· 1*Ts assuming the serving satellite position estimation error is 5m.
· Option 3: (MTK, Ericsson, Xiaomi, CATT)
· 0.8*Ts assuming the serving satellite position estimation error is 3.87m.
· Option 4: (Huawei, THALES)
· 6*Ts assuming the serving satellite position estimation error is 30m.
After 1st round discussion, 1 company support option 1, 5 companies support option 2, 4 companies support option 3 and 2 companies support option 4.
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Issue 2-2-5: Whether the equation of Te_NTN = Te + Te_GNSS + Te_SAT is captured in specification?
	
	Status summary 

	Issue 2-2-5
	· Option 1: (CATT, Apple, CMCC, QC, Intel, Xiaomi, LGE, MTK, Ericsson, Huawei, ZTE)
· No
· Option 1: (THALES)
· Need more clarification
After 1st round discussion, 11companies support option 1, and 1 company need more clarification.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-2-6: Whether introduce the Te_NTN requirement for UL SCS = 60 KHz in Rel-17?
	
	Status summary 

	Issue 2-2-6
	· Option 1: (Ericsson, Qualcomm, CMCC, Xiaomi, MTK, Huawei, CATT, ZTE, Nokia)
· No
· Option 2: (CMCC, MTK, Huawei, Apple, THALES)
· FFS
After 1st round discussion, 9 companies support option 1, and 5 company need more clarification.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-2-7: If yes for issue 2-2-6, the GNSS accuracy assumption for UL SCS = 60 KHz in Rel-17?
	
	Status summary 

	Issue 2-2-7
	· Option 1: (Apple, Xiaomi, THALES)
· 50m
· Option 2: ()
· FFS
After 1st round discussion, this issue depends on the conclusion of issue 2-2-6.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-2-8: The max tolerance for NTN UL timing error?
	
	Status summary 

	Issue 2-2-8
	· Option 1: (CATT)
· CP/3 for all SCS.
· Option 2: (Apple)
· (CP – 8*64*Tc)/3 for FR1.
· Option 3: (CMCC)
· 0.5*CP - Delay_spread - error of NTA-common - TA adjustment error.
· Option 4: (Qualcomm, CMCC, Xiaomi, MTK, THALES, Ericsson)
· T_cp/2 -T_ch
· T_cp: CP length of UL SCS
· T_ch: 250ns for FR1
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-2-9: Requirement of initial transmit timing error (Te_NTN)
	
	Status summary 

	Issue 2-2-9
	Up to the conclusions from other issues, and the value may need to be derived from the average value based on the proposal from companies.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-2-10: The clarification on reference time.
	
	Status summary 

	Issue 2-2-10
	· Option 1: (CATT, Apple)
· “NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay” should be included in UE transmit timing definition.
· Option 2: (Apple, Xiaomi, CATT, ZTE)
· Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.
· Option 3: (CMCC, Ericsson)
· The clarification on NTA,UE-specific in reference timing definition is needed, which should be ideal service link delay.
· Option 4: (Qualcomm)
· Reference timing for N_{TA,UE-specific} is the slot when the UL transmission is supposed to arrive at the target satellite based on true satellite position.
· Reference timing for N_{TA,common} is derived according to N_{TA, common} related parameters broadcasted within a validity duration
· Downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Gradual timing adjustment requirements
Issue 2-3-1: The principle for gradual timing adjustment.
	
	Status summary 

	Issue 2-3-1
	· Option 1: (Apple, [CMCC], Ericsson)
· Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate
· the design principle for gradual timing adjustment requirement is:

· Option 2: (CATT, Ericsson, ZTE)
· The principle for gradual timing adjustment requirement depends on RAN1/2 design of how gNB pre-compensate for the feeder link delay. If gNB can pre-compensate for the feeder link delay change and the transmit timing on satellite is unchanged, gradual timing adjustment requirement can be reused. Otherwise, the rate of gradual timing adjustment requirement can be updated.
· Option 3: (CMCC, Xiaomi, Huawei, [CATT], ZTE)
· Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
· Option 4: (Intel, CMCC, Ericsson, Huawei)
· An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
· Option 5: (Huawei, CMCC, Ericsson, Huawei)
· The UE performs autonomous timing adjustment according to the common TA drift, the downlink timing drift and the update of UE specific TA.
· Option 6: (MTK, Ericsson, THALES)
· When UE has performed UE pre-compensation for UE-specific TA, the amount of gradual timing adjustment should be clarified.
· In NTN, gradual timing adjustment requirement can be replaced by UE specific TA requirement, which can be verified by the timing error limit Te,NTN.
· Option 7: (QC)
· NTN gradual timing adjustment requirement should be the same as the current gradual timing adjustment requirement with the following modifications:
· The time reference for the gradual timing adjustment requirement follows the same definition of the time reference for UT initial transmit timing error requirement, i.e. UE autonomous TA adjustment due to updates of satellite position prediction and feeder link time drift shall be accounted for in the definition of reference timing not in the number of samples for the allowed gradual timing adjustment.
· To resolve an uncertainty on the amount of additional TA adjustment due to UE position estimation, the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-3-2: UE behaviour for gradual timing adjustment for NTN UE
	
	Status summary 

	Issue 2-3-2
	· Option 1: (CATT, Ericsson)
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: (Apple, CMCC, MTK, Xiaomi, Huawei, THALES)
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Option 3: (Huawei)
· For NTN network, RAN4 needs to study whether to define respective gradual timing adjustment requirements for estimated TA updating and downlink timing drift.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-3-3: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
	
	Status summary 

	Issue 2-3-3
	· Option 1: (CATT, Apple, Xiaomi, [CMCC], Huawei)
· Yes, RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, MEO, LEO, etc.
· Option 2: (Intel, Huawei, Intel, OPPO, ZTE, Huawei, QC, [CMCC], Ericsson)
· No, RAN4 to define the same gradual timing adjustment requirements for different NTN topologies.
· Option 3: (QC, MTK, THALES)
· No, the requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-3-4: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
	
	Status summary 

	Issue 2-3-4
	· Option 1: (CATT, Apple, CMCC, Xiaomi, Ericsson, MTK, Huawei, Intel)
· Yes
· RAN4 sends LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO (Apple)
· Option 2: (QC)
· No
· Option 2: (MTK, THALES)
· FFS
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-3-5: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
	
	Status summary 

	Issue 2-3-5
	· Option 1: (CMCC, Ericsson, Huawei, CATT, ZTE)
· Yes
· Option 1a: (CATT, CMCC, Ericsson, ZTE)
· If gNB can’t pre-compensate for the feeder link delay change to make transmit timing on satellite is unchanged, the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.
· Option 2: (Apple, QC, Xiaomi, MTK, THALES)
· No
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-3-6: The gradual timing adjustment requirement
	
	Status summary 

	Issue 2-3-6
	· Option 1: (Apple)
· For LEO, 
· 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 100ms.
· 3) The maximum aggregate adjustment rate shall be Tq_NTN per 20 ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN for LEO
	Tp_NTN for LEO

	1
	15
	29.5*64*Tc
	29.5*64*Tc

	
	30
	29.5*64*Tc
	29.5*64*Tc

	
	60
	27.5*64*Tc
	27.5*64*Tc

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



· Option 2: (CMCC)
· For LEO topology,
· The minimum aggregate adjustment rate shall be Tp_NTN=25.5*64*Tc per 100ms
· The maximum aggregate adjustment rate shall be Tq_NTN=25.5*64*Tc per 20 ms.
· Option 3: (Xiaomi)
· In LEO scenario,
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 25*Ts.
· The minimum aggregate adjustment rate shall be Tp_NTN = 100Ts per 100ms.
· The maximum aggregate adjustment rate shall be Tq_NTN = 25*Ts per 20 ms.
· Option 4: (Ericsson)
· Define Gradual Timing Adjustment as listed in table 8.
· 1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
· 2)	The minimum aggregate adjustment rate shall be Tp per second.
· 3)	The maximum aggregate adjustment rate shall be Tq per 4.3 ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

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

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	
	

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]



· Option 5: (Huawei)
· It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN network.
Table 1: Timing drift for NTN network
	Parameters
	Values

	Frequency range
	FR1
	FR2

	UL SCS
	15kHz
	15kHz
	15kHz
	60kHz
	120kHz

	BWmin
	5MHz
	5MHz
	10MHz
	50MHz
	50MHz

	Sampling interval
	4Ts
	4Ts
	2Ts
	0.5Ts
	0.5Ts

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

	Max delay variation (per 200ms)
	8us
	8us
	8us
	8us
	8us

	Max downlink timing drift
(per 200ms)
	8us
	8us
	8us
	8us
	8us

	Max TA variation per 200ms
	16us
	16us
	16us
	16us
	16us

	Tq for downlink timing drift
	w/o DigRF error
	248Ts
	248Ts
	248Ts
	246.5Ts
	246.5Ts

	
	w/ DigRF error
	249.5Ts
	249.5Ts
	249.5Ts
	248Ts
	248Ts

	Tq for TA variation
	w/o DigRF error
	496Ts
	496Ts
	494Ts
	492.5Ts
	492.5Ts

	
	w/ DigRF error
	497.5Ts
	497.5Ts
	495.5Ts
	494Ts
	494Ts

	Tq for combining downlink timing drift and TA variation 
	w/o DigRF error
	248Ts
	248Ts
	248Ts
	246.5Ts
	246.5Ts

	
	w/ DigRF error
	249.5Ts
	249.5Ts
	249.5Ts
	248Ts
	248Ts

	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 6: (Qualcomm)
· NTN gradual timing adjustment requirement should be the same as the current gradual timing adjustment requirement with the following modifications:
· The time reference for the gradual timing adjustment requirement follows the same definition of the time reference for UT initial transmit timing error requirement, i.e. UE autonomous TA adjustment due to updates of satellite position prediction and feeder link time drift shall be accounted for in the definition of reference timing not in the number of samples for the allowed gradual timing adjustment.
· To resolve an uncertainty on the amount of additional TA adjustment due to UE position estimation, the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-3-7: For GEO scenarios, whether the existing gradual timing adjustment requirement can be applied
	
	Status summary 

	Issue 2-3-7
	· Option 1: (Apple, CATT, Xiaomi, [MTK], [Ericsson], THALES)
· Yes
· Option 1a: (QC, [MTK])
· Yes, but the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· Option 2: (CMCC)
· FFS
Recommendations for 2nd round:
· Continue discussion in 2nd round.



TA adjustment accuracy requirements
Issue 2-4-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement.
	
	Status summary 

	Issue 2-4-1
	· Option 1: (QC, LGE, [MTK])
· Yes
· TA adjustment error margin shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· Option 2: (Apple, CMCC, Ericsson, Xiaomi, Huawei, ZTE)
· UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Recommendations for 2nd round:
· Continue discussion in 2nd round.



Issue 2-4-2: Whether UE specific TA is allowed to be updated within the k slots delay for TAC adjustment.
	
	Status summary 

	Issue 2-4-2
	· Option 1: (Apple, Ericsson)
· UE specific TA is allowed to be updated within the k slots delay for TAC adjustment.
Recommendations for 2nd round:
· It is merged with issue 2-4-3.



Issue 2-4-3: Application time of TA adjustment
	
	Status summary 

	Issue 2-4-3
	· Option 1: (Apple, Xiaomi, QC, CMCC, LGE, MTK, Ericsson, Huawei, CATT, ZTE, THALES)
· In TA adjustment requirement, RAN4 would refer to RAN1 spec for the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters.
· RAN4 should update the TA adjustment delay requirement in TS38.133 if RAN1 updates TA adjustment delay for NTN.
Tentative agreement:
· RAN4 shall introduce the TA adjustment delay requirement for NTN in TS38.133 if the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters is specified in RAN1 specification.
Recommendations for 2nd round:
· No more discussion in 2nd round.



Issue 2-4-4: TA adjustment accuracy requirement in RRC_CONNECTED mode
	
	Status summary 

	Issue 2-4-4
	· Option 1: (Apple, CMCC, Xiaomi, ZTE, Ericsson, Huawei, THALES)
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 1a: (MTK)
· TA adjustment accuracy requirement can be defined as the existing timing advance adjustment accuracy requirements defined in TS 38.133 if UE specific TA is not changed.
· Option 1b: (QC, [MTK])
· 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 [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
· Option 2: (LGE)
· TA adjustment accuracy should be relaxed depending on updating open loop TA, or RAN4 needs to wait for RAN1 conclusion for the combination of open loop and close loop TA control.
Recommendations for 2nd round:
· Continue the discussion in 2nd round



Issue 2-4-5: Application rule for TA adjustment accuracy requirement
	
	Status summary 

	Issue 2-4-5
	· Option 1: (Huawei, Apple, Xiaomi, MTK, THALES)
· It is suggested that TA adjustment requirements are applied when the UE receives a TA command by network signalling.
· Option 1: (QC, [Ericsson])
· FFS.
Recommendations for 2nd round:
· Continue the discussion in 2nd round



Response LS for the incoming LSs (R4-2104462 and R4-2119413) 
Issue 2-5-1: What are the NTN UL time synchronization requirements?
	
	Status summary 

	Issue 2-5-1
	Majority companies (QC, Xiaomi, CMCC, Huawei, THALES) support to send the further response LS, the content of the LS depends on the conclusion on other issues. 
Recommendations for 2nd round:
· Continue the discussion on the response LS in 2nd round



Issue 2-5-2: Double correction issue related to combination of open and closed loop TA control?
	
	Status summary 

	Issue 2-5-2
	· Option 1: (Apple)
· When UE GNSS/satellite ephemeris/common TA has been changed, for an open-loop TA adjustment, UE may reset the accumulated closed-loop TA adjustment to 0, if the timing difference between the old status and new status is greater than a certain threshold Δopen_loop. Δopen_loop is FFS.
· Option 2: (QC, Xiaomi, MTK, Ericsson, THALES)
· RAN4 to define a new requirement to address the double correction issue (indicated in R1-2110604):
· Option A:  the new requirement is the same as NTN UE initial timing accuracy requirement and the requirement applies to all UL transmissions, i.e. replace gradual timing adjustment with NTN initial timing accuracy requirement. (MTK, Ericsson)
· Option B: the new requirement is based on NTN gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates. (Xiaomi)
· Option 3: (LG)
· In NTN, consider closed loop TA adjusts only the timing error due to GNSS and estimation of position, assuming that open loop TA is updated in the slot before uplink transmission..
Recommendations for 2nd round:
· Continue the discussion on the response LS in 2nd round






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 specific TA estimation error
· Issue 2-1-1: Whether to define the update periodicity for UE specific TA estimation?
· Tentative agreement:
· RAN4 not to define the update periodicity for UE specific TA estimation.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	LGE
	We are fine with the tentative agreement, but we’d like to clarify that this is separate decision from double correction issue.

	Moderator
	The tentative agreement is agreed with the clarification that this agreement is independent with the agreement on double correction issue.
Agreement:
RAN4 is not to define the update periodicity for UE specific TA estimation.
Note: This agreement is independent with the agreement on double correction issue.

	Ericsson
	We are not ok with the tentative agreement, we need as a minimum some insurance that when UE transmits on UL then we have requirements which will safeguard that the UE UL timing is correct. This is either an update to the gradual timing adjustment requirements and/or a new requirement for UE UL transmit timing. This is similar ti comments in first round from Qualcomm related to open loop closed loop TA adjustment LS in from RAN4.

	Moderator2
	· Option 1: (Apple, Xiaomi, QC, CMCC, MTK, Huawei, CATT, ZTE, THALES)
· No
· Option 1a: (LGE)
· No if it is clarified that the decision on this issue is separate from that for issue 2-5-2 (double correction issue).
· Option 2: (Ericsson)
· Yes

	QC
	We are okay with the version of Moderator2. And it may need to be also noted that the question here is “periodicity for UE specific TA estimation” not about “application”



· Issue 2-1-2: Whether to define UE behaviour related to updating rate for UE specific TA estimation?
· Tentative agreement:
· RAN4 not to define UE behaviour related to updating rate for UE specific TA estimation.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	Intel
	We can compromise to not defining any UE behaviour related to updating rate for UE specific TA estimation. But we need to add the description in the spec similar to what we had in Rel-15 in section 7.1.1 (the first sentence): The UE shall have capability to follow the frame timing change of the reference cell in connected state.
We propose to modify the agreement as follows:
· RAN4 is not to define UE behaviour related to updating rate for UE specific TA estimation.
· RAN4 adds descriptions in the spec that The UE shall have capability to follow the frame timing change of the reference cell and to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information in connected state


	LGE
	We are fine with the tentative agreement, but we’d like to clarify that this is separate decision from double correction issue.

	moderator
	The tentative agreement can be agreed with further description and clarification.
Agreement:
RAN4 is not to define UE behaviour related to updating rate for UE specific TA estimation.
· FFS whether to capture the following description in TS38.133
· “The UE shall have capability to follow the frame timing change of the reference cell and to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information in connected state”
Note: This agreement is independent with the agreement on double correction issue.

	Huawei
	We agree not to define UE behaviour related to updating rate for UE specific TA estimation. The UE behaviour related to UE specific TA estimation will impact the requirements for UE autonomous timing adjustment. We suggest only to agree the original version.

	Moderator2
	Agreement:
RAN4 is not to define UE behaviour related to updating rate for UE specific TA estimation.
· FFS whether to capture the description on UE behaviour in specification.
Note: This agreement is independent with the agreement on double correction issue.

	Ericsson
	We are not ok with the tentative agreement, we need as a minimum some insurance that when UE transmits on UL then we have requirements which will safeguard that the UE UL timing is correct. This is either an update to the gradual timing adjustment requirements and/or a new requirement for UE UL transmit timing. This is similar ti comments in first round from Qualcomm related to open loop closed loop TA adjustment LS in from RAN4.

	Moderator3
	· Option 1: (Apple, Xiaomi, OPPO, ZTE, QC, CMCC, MTK, Huawei, CATT, THALES)
· No
· Option 1a: (LGE)
· No, if it is clarified that the decision on this issue is separate from that for issue 2-5-2 (double correction issue).
· Option 1b: (Intel)
· No, if the description on UE behavior is captured in specification.
· Option 2: (Ericsson)
· Yes

	Qualcomm
	Okay with the version of Moderator3. This is a bit correlated with Issue 2-5-2.



· Issue 2-1-3: UE behaviour on UE specific TA updating before applying TA adjustment
· Tentative agreement:
· RAN4 not to define UE behaviour on UE specific TA updating before applying TA adjustment.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	Intel
	Same comments as in the above issue.

	LGE
	We are fine with the tentative agreement, but we’d like to clarify that this is separate decision from double correction issue.

	moderator
	The tentative agreement can be agreed with further description and clarification.
Agreement:
RAN4 is not to define UE behaviour on UE specific TA updating before applying TA adjustment.
· FFS whether to capture the following description in TS38.133
· The UE shall have capability to follow the frame timing change of the reference cell and to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information in connected state
Note: This agreement is independent with the agreement on double correction issue.

	Huawei
	Same comments as in the above issue. We suggest only to agree the original version.

	Moderator2
	Agreement:
RAN4 is not to define UE behaviour on UE specific TA updating before applying TA adjustment.
· FFS whether to capture the description on UE behaviour in specification.
Note: This agreement is independent with the agreement on double correction issue.

	Ericsson
	We are not ok with the tentative agreement, we need as a minimum some insurance that when UE transmits on UL then we have requirements which will safeguard that the UE UL timing is correct. This is either an update to the gradual timing adjustment requirements and/or a new requirement for UE UL transmit timing. This is similar ti comments in first round from Qualcomm related to open loop closed loop TA adjustment LS in from RAN4.

	Nokia
	We are concerned with the tentative agreement. 
This could lead to issue of closed loop TA commands and open loop (UE specific UE adjustment) problems. Some ‘rules’ need to be defined. This can for instance be done by defining two different modes of TA.


	Moderator3
	· Option 1: (Apple, CMCC, Xiaomi, ZTE, QC, Huawei, CATT, THALES)
· Do not specify UE behaviour on UE specific TA updating before applying TA adjustment.
· Option 1a: (LGE)
· Not specify UE behavior if it is clarified that the decision on this issue is separate from that for issue 2-5-2 (double correction issue).
· Option 1b: (Intel)
· Not specify UE behavior if the description on UE behavior is captured in specification.
· Option 2: (Ericsson, Nokia)
· Define UE behaviour on UE specific TA updating before applying TA adjustment.

	Qualcomm
	Okay with the version of Moderator3. This is a bit correlated with Issue 2-5-2.



· Issue 2-1-4: The validity of ephemeris information.
· Tentative agreement:
· The ephemeris information is valid at UE side when the NTN ephemeris validity timer is running otherwise ephemeris information is invalid.
· RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	moderator
	The tentative agreement can be agreed.
Agreement:
· The ephemeris information is valid at UE side when the NTN ephemeris validity timer is running otherwise ephemeris information is invalid.
· RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.

	Ericsson
	The tentative agreement is fine.

	QC
	In principle, agree with the Moderator’s version. Just to avoid any potential issue with wording, it would be better to say “timer(s) for timing information related parameters is running..” because there can be multiple timers, one for Ephemeris and one for Common TA.



· Issue 2-1-5: Whether to define a separate accuracy requirement for self-estimated TA common (NTA_common) in TS38.133?
· Tentative agreement:
· RAN4 not to define a separate accuracy requirement for self-estimated TA common (NTA_common) in TS38.133.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	moderator
	The tentative agreement can be agreed.
Agreement:
· RAN4 not to define a separate accuracy requirement for self-estimated TA common (NTA_common) in TS38.133.

	Ericsson
	The tentative agreement is fine.



· Issue 2-1-6: Whether to define a separate accuracy requirement for the combination of   in TS38.133?
· Tentative agreement:
· RAN4 not to define a separate accuracy requirement for the combination of   in TS38.133.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	moderator
	The tentative agreement can be agreed.
Agreement:
· RAN4 not to define a separate accuracy requirement for the combination of   in TS38.133.

	Ericsson
	The tentative agreement is fine.



Initial UE transmit timing error requirements
· Issue 2-2-1: Timing error due to GNSS positioning accuracy (Te_GNSS).
· Tentative agreement:
· Te_GNSS = 2* (GNSS positioning accuracy/c), where c = 3*108 m/s.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	moderator
	The tentative agreement can be agreed.
Agreement:
· Te_GNSS = 2* (GNSS positioning accuracy/c), where c = 3*108 m/s.



· Issue 2-2-2: Timing error due to serving-satellite position estimation error (Te_SAT).
· Tentative agreement:
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where c = 3*108 m/s.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	moderator
	The tentative agreement can be agreed.
Agreement:
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where c = 3*108 m/s.



· Issue 2-2-5: Whether the equation of Te_NTN = Te + Te_GNSS + Te_SAT is captured in specification?
· Tentative agreement:
· The equation of Te_NTN = Te + Te_GNSS + Te_SAT is not captured in TS38.133.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	moderator
	The tentative agreement can be agreed.
Agreement:
· The equation of Te_NTN = Te + Te_GNSS + Te_SAT is not captured in TS38.133.



· Issue 2-2-6: Whether introduce the Te_NTN requirement for UL SCS = 60 KHz in Rel-17?
· Option 1: (Ericsson, Qualcomm, CMCC, Xiaomi, MTK, Huawei, CATT, ZTE, Nokia)
· No
· Option 2: (CMCC, MTK, Huawei, Apple, THALES)
· FFS
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Apple 
	Can compromise to option 1.

	CMCC
	Option 1 is fine for us.

	moderator
	According to 2nd round discussion, it seems that companies are fine with option1.
Agreement:
RAN4 is not to define Te_NTN requirement for UL SCS = 60 KHz in Rel-17.

	Ericsson
	Option 1.



· Issue 2-2-9: Requirement of UE initial transmit timing error (Te_NTN)
· Tentative agreement:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	26*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	FFS

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	FFS

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



Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	Apple
	For 15kHz SSB+15kHz UL case, we propose to have 29*64*Tc; For 30kHz SSB+15kHz UL case, we can compromise to 24 *64 Tc.

	THALES
	Please also recall the working agreement from RAN4#100-e: 
Te_NTN = Te + Te_GNSS + Te_SAT.

It can be found that the proposed Te_NTN can be obtained from legacy legacy Te. If we consider just the upper bound of the GNSS errors (50m from the 30-50m interval) and the NTN satellite position error (30m), the total error would correspond to maximum 50+30m=80m. If we neglect the impact of the Delay Spread, the specific timing NTN error would be 80m/(3*108m/s)=0.2(6)µs equivalent to 8.186*64*Tc, which can be added to the legacy Timing Error Limit. Therefore we obtain the following Te_NTN (Timing Error Limit 1st Proposal):
Te_NTN Timing Error Limit 1st Proposal (maximum 50m GNSS error)
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	
Te_NTN
	
% of CP
	
% of CP/2
	
CP/2

	1
	15
	15
	(8.186+12)*64*Tc
	[20.186]*64*Tc
	20.186/144
=14,02%
	20.186/72
=28,03%
	4.69/2µs or 144/2*64*Tc

	
	
	30
	(8.186+10)*64*Tc
	[18.186]*64*Tc
	18.186/144
=12,63%
	18.186/72
=25,26%
	4.69/2µs or 144/2*64*Tc

	
	
	60
	(8.186+10)*64*Tc
	[18.186]*64*Tc
	18.186/144
=12,63%
	18.186/72
=25,26%
	4.69/2µs or 144/2*64*Tc

	
	30
	15
	(8.186+8)*64*Tc
	[16.186]*64*Tc
	16.186/72
=22,48%
	16.186/36
=44,96%
	2.34/2µs or
144/4*64*Tc

	
	
	30
	(8.186+8)*64*Tc
	[16.186]*64*Tc
	16.186/72
=22,48%
	16.186/36
=44,96%
	2.34/2µs or
144/4*64*Tc

	
	
	60
	(8.186+7)*64*Tc
	[15.186]*64*Tc
	15.186/72
=21,09%
	15.186/36
=42,18%
	2.34/2µs or
144/4*64*Tc

	2
	120
	60
	3.5*64*Tc
	
	-
	-
	-

	
	
	120
	3.5*64*Tc
	
	-
	-
	-

	
	240
	60
	3*64*Tc
	
	-
	-
	-

	
	
	120
	3*64*Tc
	
	-
	-
	-

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
	
	
	
	



Moreover, if we consider just the GNSS errors of 100m and the NTN satellite position error of 30m, the total error would correspond to maximum 100+30m=130m. If we neglect the impact of the Delay Spread, the specific timing NTN error would be 130m/(3*108m/s)=0.43µs equivalent to 13.30*64*Tc, which can be added to the legacy Timing Error Limit. Therefore we obtain the following Te_NTN (Timing Error Limit 2nd Proposal):
Te_NTN Timing Error Limit 2nd Proposal (maximum 100m GNSS error)
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	
Te_NTN
	
% of CP
	
% of CP/2
	
CP/2

	1
	15
	15
	(13.30+12)*64*Tc
	[25.3]*64*Tc
	25.3/144
=17,57%
	25.3/72
=35,14%
	4.69/2µs or 144/2*64*Tc

	
	
	30
	(13.30+10)*64*Tc
	[23.3]*64*Tc
	23.3/144
=16,18%
	23.3/72
=32,36%
	4.69/2µs or 144/2*64*Tc

	
	
	60
	(13.30+10)*64*Tc
	[23.3]*64*Tc
	23.3/144
=16,18%
	23.3/72
=32,36%
	4.69/2µs or 144/2*64*Tc

	
	30
	15
	(13.30+8)*64*Tc
	[21.3]*64*Tc
	21.3/72
=29,58%
	21.3/36
=59,16%
	2.34/2µs or
144/4*64*Tc

	
	
	30
	(13.30+8)*64*Tc
	[21.3]*64*Tc
	21.3/72
=29,58%
	21.3/36
=59,16%
	2.34/2µs or
144/4*64*Tc

	
	
	60
	(13.30+7)*64*Tc
	[20.3]*64*Tc
	20.3/72
=28,19%
	20.3/36
=56,38%
	2.34/2µs or
144/4*64*Tc

	2
	120
	60
	3.5*64*Tc
	
	-
	-
	-

	
	
	120
	3.5*64*Tc
	
	-
	-
	-

	
	240
	60
	3*64*Tc
	
	-
	-
	-

	
	
	120
	3*64*Tc
	
	-
	-
	-

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
	
	
	
	



In order to be consistent with the current specification, we therefore propose:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	26*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	FFS

	
	30
	15
	24*64*Tc -> 22*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	FFS

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




	moderator
	After receiving the comments from companies in draft WF and email. The following values for Te_NTN can be agreed.
Agreement:
	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






· Issue 2-2-10: The clarification on reference time.
· Tentative agreement:
· Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.
· Reference timing for  is the slot when the UL transmission is supposed to arrive at the target satellite based on true satellite position.
· Reference timing for  is derived according to  related parameters broadcasted within a validity duration
· Downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	Apple
	We only agree on 1st bullet. We don’t fully understand on the bullet 2/3/4.
Regarding bullet 2, could proponents provide more justification to define such reference timing if we don’t have separate requirement for UE specific TA?
Regarding bullet 3, the UE specific TA also rely on UE GNSS and serving satellite position estimation, don’t understand why it’s related with TA common (TA common may also count for the feedback delay from network side) 
Regarding bullet 4, why DL timing would be based on uplink adjustment component? We only understand that the DL timing is the estimated arrival timing at UE, and all open-loop TA and/or close-loop TA would be applied on a reference timing associated with this DL timing based on 
DL timing – .

	CMCC
	For the first bullet, we are ok with it.
For the second bullet, we want to add more clarifications as follows:
· Reference timing for N_(TA,UE-specific) is the slot when the UL transmission is supposed to arrive at the target satellite based on true satellite and UE position.
For the third bullet, we think there may be a typo in it, which should be:
· Reference timing for N_(TA,common) is derived according to N_(TA,common) related parameters broadcasted within a validity duration
For the fourth bullet, we share similar views with Apple, DL timing has no related to open-loop TA.
In addition, the reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus.  Based on our understanding, the NTA,UE-specific and NTA,common in this equation for reference point should be ideal value without any error. We are not sure is it the common understanding? Whether a clarification is needed or not.

	Moderator
	The 1st bullet can be agreed, and FFS the other bullets.
Agreement:
· Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.
· FFS whether the following clarification is needed:
· Reference timing for  is the slot when the UL transmission is supposed to arrive at the target satellite based on true satellite position.
· Reference timing for  is derived according to  related parameters broadcasted within a validity duration
· Downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.

	Huawei
	We are fine with the first bullet. The other three bullets does make sense.
For the second and third bullets, the reference timing is used for describing the timing location of uplink transmission, which shall be NTA,total before downlink timing. Both NTA,UE-specific and NTA,UE-specific are the components of NTA,total.
For the last bullet, UE determines the downlink frame boundary based on detecting SSB or TRS signal. UE shall adjust uplink transmission timing according to the detect downlink reception timing.

	Moderator2
	Agreement:
· Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.

	Ericsson
	First bullet: ok
Second bullet: Same comment as CMCC
Third bullet: Same comment as CMCC
Fourth bullet: Same comments as Apple and CMCC.

	QC
	For the second and third bullets, agree to CMCC’s comment
The fourth bullet was meant to say “DL boundary should not be fixed as legacy TN test” and the adjustment should be based on “open-loop TA control related parameters”, i.e. DL boundary shall be also adjusted as much as delay change over service link and feeder link. Hopefully, this clarifies what the fourth bullet means.



Gradual timing adjustment requirements
· Issue 2-3-1: The principles for defining gradual timing adjustment requirement
· Option 1: (Apple, CMCC, Xiaomi, Huawei, [CATT], ZTE)
· Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
· FFS the following additional principles for defining gradual timing adjustment requirement
· Principle A: The design principle for gradual timing adjustment requirement is: (Apple)

· Principle B: An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements. (Intel, CMCC, Ericsson, Huawei)
· Principle C: The UE performs autonomous timing adjustment according to the common TA drift, the downlink timing drift and the update of UE specific TA. (Huawei, CMCC, Ericsson, Huawei)
· Option 2: (CATT, Ericsson, ZTE)
· The principle for gradual timing adjustment requirement depends on RAN1/2 design of how gNB pre-compensate for the feeder link delay. If gNB can pre-compensate for the feeder link delay change and the transmit timing on satellite is unchanged, gradual timing adjustment requirement can be reused. Otherwise, the rate of gradual timing adjustment requirement can be updated.
· Option 3: (MTK, Ericsson, THALES)
· When UE has performed UE pre-compensation for UE-specific TA, the amount of gradual timing adjustment should be clarified.
· In NTN, gradual timing adjustment requirement can be replaced by UE specific TA requirement, which can be verified by the timing error limit Te,NTN.
· Option 4: (QC)
· NTN gradual timing adjustment requirement should be the same as the current gradual timing adjustment requirement with the following modifications:
· The time reference for the gradual timing adjustment requirement follows the same definition of the time reference for UT initial transmit timing error requirement, i.e. UE autonomous TA adjustment due to updates of satellite position prediction and feeder link time drift shall be accounted for in the definition of reference timing not in the number of samples for the allowed gradual timing adjustment.
· To resolve an uncertainty on the amount of additional TA adjustment due to UE position estimation, the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Apple
	Option 1. And we don’t see principle A/B/C are exclusive to each other, so we are fine with principle A/B/C in option 1.

	CMCC
	Option 1. The formula in principle A can be a baseline, which can be enhanced by adjustment rate.

	MTK
	Option 3. And we doubt the necessity of the NTN gradual timing adjustment requirement. 
Assuming the reference timing is (NTA + NTA,UE_Specific + NTA,common + NTA_offset)  before the downlink reception timing of the reference cell, then according to the gradual timing adjustment requirement, UE is required to adjust the timing when the transmission timing error between the UE and the reference timing > Te_NTN. 
However, with large Tq/Tp, it basically means UE to follow the reference timing to eliminate the transmission timing error between the UE and the reference timing. And the residual error will again to be the accuracy of NTN UE initial timing accuracy requirement. Thus, the NTN, gradual timing adjustment requirement can be replaced by UE specific TA requirement, which can be verified by the timing error limit Te,NTN.
Unlike TN, where BS location is unknown to UE and thus there is no pre-compensation for the propagation delay, in NTN,  satellite position is informed to UE, so the propagation delay and the drifting can be calculated and pre-compensated.

	Moderator
	Continue the discussion in next meeting.

	Ericsson
	Option 3. We share MTK comment. However we also think that an updated gradual adjustment time can work, but again, share MTL comment about the fact that fast gradual adjustment means that residual is related to the UE GNSS accuracy and T_e_NTN initial timing error.

	QC
	Agree with Moderator’s suggestion. This is a bit related to how Issue 2-5-2 turns out.



· Issue 2-3-2: UE behaviour for gradual timing adjustment for NTN UE.
· Option 1: (CATT, Ericsson)
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: (Apple, CMCC, MTK, Xiaomi, Huawei, THALES)
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Option 3: (Huawei)
· For NTN network, RAN4 needs to study whether to define respective gradual timing adjustment requirements for estimated TA updating and downlink timing drift.
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Apple 
	Option 2

	MTK
	Option 2. We would like to understand more on the UE behavior of Option 1, e.g. how to separate 2 requirements in one UL transmission. 

	Moderator
	Continue the discussion in next meeting.

	Ericsson
	Option 2 is fine. 

	QC
	Agree with Moderator’s suggestion.



· Issue 2-3-3: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
· Option 1: (CATT, Apple, Xiaomi, [CMCC], Huawei)
· Yes, RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, MEO, LEO, etc.
· Option 2: (Intel, Huawei, OPPO, ZTE, [CMCC], Ericsson, QC, MTK, THALES)
· No
· RAN4 to define the same gradual timing adjustment requirements for different NTN topologies. (Intel, Huawei, Intel, OPPO, ZTE, Huawei, QC, [CMCC], Ericsson)
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason. (QC, MTK, THALES)
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Apple
	Option 1. To option 2, if using a common requirement for different topologies, which topology would be used for this common requirement design in worst case? If LEO would be assumed for the worst case for requirement design, we can compromise to option 2.  

	CMCC
	For Option 2, if a common requirement will be used for different topologies, then we don’t agree with using GEO as the NTN topology assumption to define the requirements.
In order to let this common requirement applies for all topologies, we propose following proposal and open to discuss:
1)	The minimum aggregate adjustment rate shall be Tp (is calculated with the assumption of GEO topology) per [second].
2)	The maximum aggregate adjustment rate shall be Tq (is calculated with the assumption of LEO topology) per [200] ms.

	Moderator
	Continue the discussion in next meeting.

	Ericsson
	Same comment as CMCC.

	QC
	Agree with Moderator’s suggestion.



· Issue 2-3-4: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: (CATT, Apple, CMCC, Xiaomi, Ericsson, MTK, Huawei, Intel)
· Yes
· RAN4 sends LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO (Apple)
· Option 2: (QC)
· No
· Option 3: (MTK, THALES)
· FFS
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Apple
	Option 1.

	Moderator
	Continue the discussion in next meeting.

	Ericsson
	Option 1.

	QC
	Agree with Moderator’s suggestion.
If the idea of sending LS to RAN1 is to increase the current gradual timing adjustment requirement by the confirmed maximum delay variation for each satellite type, this is to us really making the requirement useless because the amount of relaxation will be more than necessary.



· Issue 2-3-5: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: (CMCC, Ericsson, Huawei, CATT, ZTE)
· Yes
· If gNB can’t pre-compensate for the feeder link delay change to make transmit timing on satellite is unchanged, the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN. (CATT, CMCC, Ericsson, ZTE)
· Option 2: (Apple, QC, Xiaomi, MTK, THALES)
· No
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Apple
	Option 2

	Moderator
	Continue the discussion in next meeting.

	Ericsson
	Option 1.

	QC
	Agree with Moderator’s suggestion.



· Issue 2-3-6: The gradual timing adjustment requirement
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
· The minimum aggregate adjustment rate shall be Tp_NTN per [X]ms.
· FFS whether X can be different for different types of satellites, altitude, etc
· The maximum aggregate adjustment rate shall be Tq_NTN per [Y]ms.
· FFS whether Y can be different for different types of satellites, altitude, etc
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[Z1]*64*Tc
	[Z1]*64*Tc

	
	30
	[Z2]*64*Tc
	[Z2]*64*Tc

	
	60
	[Z3]*64*Tc
	[Z3]*64*Tc

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


· FFS whether Z1-Z3 can be different for different types of satellites, altitude, etc 
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Moderator
	Continue the discussion in next meeting.

	QC
	Agree with Moderator’s suggestion.



· Issue 2-3-7: For GEO scenarios, whether the existing gradual timing adjustment requirement can be applied
· Tentative agreement:
· For GEO scenarios, the existing gradual timing adjustment requirement defined in TS38.133 is applied.
· FFS the following condition is needed:
· The current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg). (QC, [MTK])
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	CMCC
	We have concerns about reusing existing gradual timing adjustment requirement.
The UE speed of 1200km/h and 500km/h are supported in NTN network.
The time drift due to UE movement per [200]ms will be 92.6ns(2.85Ts) for 500km/h and 222.2ns(6.84Ts) for 1200km/h, the current gradual timing adjustment requirement Tq can not cover these timing drift. 
Besides, whether a specific requirement apply for GEO or a common requirement apply for GEO/MEO/LEO is still under discussing, maybe no hurry to achieve the agreement for this issue.
Therefore, we propose FFS for this issue.

	Moderator
	Continue the discussion in next meeting. 
The recommended WF：
· Option 1: (Apple, CATT, Xiaomi, [MTK], [Ericsson], THALES)
· Yes
· Option 1a: (QC, [MTK])
· Yes, but the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· Option 2: (CMCC)
· FFS


	Ericsson
	Same comment as CMCC.

	QC
	Agree with Moderator’s suggestion.



TA adjustment accuracy requirements
· Issue 2-4-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement.
· Option 1: (QC, LGE, [MTK])
· Yes
· TA adjustment error margin shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· Option 2: (Apple, CMCC, Ericsson, Xiaomi, Huawei, ZTE)
· UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Apple
	Option 2.

	LGE
	Prefer option 1, and need further discussion on the error margin.

	MTK
	Option 1, but we can also consider to capture the margin in the tests. 

	Moderator
	Continue the discussion in next meeting.

	Ericsson
	Option 2.

	QC
	Agree with Moderator’s suggestion.



· Issue 2-4-3: Application time of TA adjustment
· Tentative agreement:
· RAN4 shall introduce the TA adjustment delay requirement for NTN in TS38.133 if the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters is specified in RAN1 specification.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	Moderator
	Agreement:
· RAN4 shall introduce the TA adjustment delay requirement for NTN in TS38.133 if the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters is specified in RAN1 specification.



· Issue 2-4-4: TA adjustment accuracy requirement in RRC_CONNECTED mode
· Tentative agreement:
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· FFS the following applicability conditions:
· Condition A: UE specific TA is not changed. 
· Condition B: 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.
· Condition C: To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· Condition D: The requirement applies only to a stationary UE.
· Condition E: The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
Moderator’s Note: (Will be removed in the final version of WF)
· For those who are okay with the tentative agreements, please skip commenting.
· For those who have concerns about the tentative agreements, please share your concern and provide an alternative if possible.
	Company
	Comments

	LGE
	What does the applicability condition A~E mean? Are these conditions for reusing existing accuracy requirement?

	Moderator
	Continue the discussion in next meeting.
The recommended WF：
· Option 1: (Apple, CMCC, Xiaomi, ZTE, Ericsson, Huawei, THALES)
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 1a: (MTK)
· TA adjustment accuracy requirement can be defined as the existing timing advance adjustment accuracy requirements defined in TS 38.133 if UE specific TA is not changed.
· Option 1b: (QC, [MTK])
· 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 [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· The requirement applies only to a stationary UE.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
· Option 2: (LGE)
· TA adjustment accuracy should be relaxed depending on updating open loop TA, or RAN4 needs to wait for RAN1 conclusion for the combination of open loop and close loop TA control.

	Ericsson
	Anu condition must support LEO, the limiting case for many requirements. Condition E seems to restrict requirement to GEO only.

	QC
	Okay with Moderator’s suggestion.



· TA adjustment accuracy requirement in RRC_CONNECTED mode
· Option 1: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 2: TA adjustment accuracy requirement can be defined as existing timing advance adjustment accuracy requirements defined in TS 38.133 if UE specific TA is not changed, otherwise plus delay error related with nominal accuracy of GNSS, i.e. 30m.
· Option 3: Further evaluate the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command.
· Option 4: RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN
· Issue 2-4-5: Application rule for TA adjustment accuracy requirement
· Option 1: (Huawei, Apple, Xiaomi, MTK, THALES)
· It is suggested that TA adjustment requirements are applied when the UE receives a TA command by network signalling.
· Option 2: (QC, [Ericsson])
· FFS.
Addition comments (to be moved to moderator’s summary and removed in the final version of WF)
	Company
	Comments

	Moderator
	Continue the discussion in next meeting.

	Ericsson
	Option 1.

	QC
	To us, this is already the case in the legacy spec. So it doesn’t really add additional meaning to the legacy spec, okay with Option 1.



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
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



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

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
	

	R4-2120310
	WF on GNSS-related and timing requirements for NR NTN
	Xiaomi
	Agreeable
	

	R4-2120311
	Reply LS on NTN UL time and frequency synchronization requirements
	Xiaomi
	Agreeable
	

	R4-2120312
	Reply LS on combination of open and closed loop TA control in NTN
	Qualcomm
	Return to
	[bookmark: _GoBack]Treat in GTW



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

	Qualcomm
	CH Park
	chparkqc@qti.qualcomm.com

	Apple
	Jie Cui
	Jie_cui@apple.com

	THALES
	Dorin Panaitopol
	



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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