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Introduction
The scope of this email discussion contains GNSS-related requirements and UE timing requirements for NR NTN (AI 9.13.5.2 and AI 9.13.5.4). 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
· UE transmit timing requirements
· UE initial transmit timing error
· Gradual timing adjustment
· TA adjustment accuracy requirements
· Reply LS for the incoming LS R1-2102263
The following timeline is proposed for email discussions in 1st and 2nd rounds:
· 1st round: 
· Moderator kick off email discussion (Mon. 16 Aug)
· Companies provide comments for the 1st round (Mon. 16 Aug – Thu. 17:00 UTC 19 Aug)
· Moderator summarize the status and possible proposals, recommending what decisions can be made for 1st round with a formal TDoc (Fri. 17:00 UTC 20 Aug) 
· 2nd round: 
· Companies provide comments for 2nd round starting from Mon. 3:00 UTC 23 Aug
· Companies’ comments shall be provided before Wed. 17:00 UTC, 25 Aug
· Moderator provide 2nd round summary with a formal TDoc by Fri. 11:59 UTC, 27 Aug
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

	R4-2111936
	CATT
	Proposal 1: Nominal accuracy of GNSS, i.e. 30m, is adopted for defining NTN RRM requirements.
Proposal 2: The max response time is defined in 38.171 is not applicable for NTN RRM requirements.
Proposal 3: RAN4 don’t need to define assumptions on delay or frequency of GNSS fix for defining RRM requirements. It depends on UE implementation.
Proposal 4: Only UE transmit timing requirements will be impacted by GNSS accuracy assumptions.
Proposal 5: RAN4 define RRM requirements for NTN based on only one GNSS accuracy assumption.
Proposal 6: The GNSS accuracy assumption will be applied NTN UE in RRC-IDLE/ INACTIVE and will be tested by UE PRACH transmit timing error requirements.

	R4-2112205
	CMCC
	Proposal 1: For 2-D position error of GNSS requirements, use 50m as the baseline for defining NTN RRM requirements. 
Observation 1: At least timing related requirements and CHO related requirements will be impacted by GNSS accuracy assumptions.
Proposal 2: Prefer to use the stringent requirement for all GNSS related RRM requirements.

	R4-2112707
	Qualcomm Incorporated
	• UE GNSS Performance Requirement
Observation 1: A-GNSS requirements are defined in TS38.171 and the same set of requirements and test procedures are defined in TS37.571-1 for positioning.
Proposal 1: NTN specific UE GNSS requirements shall not be separately defined. Instead, the performances shall be incorporated throughout RRM requirements that require UE GNSS based information, i.e. it is up to UE implementation when and how frequently to read and update GNSS information as long as the performance requirements are met.
• UE Internal Coexistence between GNSS receiver and NR UL transmitter
Proposal 2: If any impact to RRM performances, e.g. UL transmit timing accuracy, location based measurement/handover, etc, due to intra-UE co-existence between GNSS receiver and NR transmitter is identified, RAN4 to consider allowing UL interruption to mitigate UE GNSS performance losses. If allowed and defined, it can be subject to per-band UE capability.

	R4-2112707
	Ericsson
	Observation 1: A UE specific margin on top of existing UE initial access requirement will correspond to a positioning error requirement of ±70 m for SCS = 15 kHz in UL to ±5 m for SCS = 120 kHz in UL. The feasibility of SCS = 120 kHz or higher has to be further investigated.

	R4-2114309
	Huawei, HiSilicon
	Proposal 1: RAN4 not to further discuss the assumptions on delay or frequency of GNSS fix for defining RRM requirements.
Proposal 2: RAN4 can use different GNSS accuracy assumptions for different RRM requirements, e.g. timing and mobility. 
Proposal 3: RAN4 confirms that no UE capability on GNSS accuracy is defined in this WI.
Proposal 4: RAN4 to use same GNSS accuracy assumption for RRC_CONNECTED and RRC-IDLE/INACTIVE.

	R4-2114309
	Nokia, Nokia Shanghai Bell
	Observation 1: The UE GNSS-based time pre-compensation has the main purpose to guarantee that the initial random access attempt falls into the time window for the RACH occasion as defined by the gNB and minimize the interference to adjacent UL time symbols. Frequency pre-compensation shall ensure that the Doppler effect is mitigated so that the preamble can be received without inter-carrier/-user interference.
Observation 2: There are several sources of inaccuracy in acquiring time and frequency synchronization between UE and gNB by using GNSS information: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, orbit perturbations and altitude modelling, delay on GNSS acquisition and information conversion at the UE and atmospheric delays.
Proposal 1: RAN4 should discuss how a UE can determine it accuracy from GNSS is accurate enough to fulfil the initial transmission timing error requirements.
Observation 3: Using referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE will suffer less from the satellite movement and timing errors and can serve as a second source for determining whether the initial transmission timing requirements are fulfilled.
Proposal 2: RAN4 should discuss whether the use os the time provided by referenceTimeInfo-R16 is beneficial to securing that the initial transmission timings are kept by a UE.



Open issues summary and Companies views’ collection for 1st round
Issue 1-1: Whether to define general GNSS positioning accuracy requirements?
· Option 1: (CATT, Apple, Xiaomi)
· No
· Recommended WF
· RAN4 not to define the general GNSS positioning accuracy requirements for NR NTN. 
	Company
	Comments

	XXXMTK
	Agree with Option1

	Apple
	Option 1

	Xiaomi
	Option 1

	Qualcomm
	Option 1.
And UE position that is obtained by GNSS receiver can be further processed by NR transceiver to the point where NR performance requirements can be met. Besides, UE GNSS performance can be differently adjusted depending on NR transceiver mode/configuration, i.e. the further process for GNSS performance enhancement can be different for different use cases. Therefore, GNSS receiver performance should not be separately tested under any artificial test setup just to microscopically verify the performance when it is being used in NTN mode.

	LG
	Support option 1

	CMCC
	Option 1

	Samsung
	Agree with Option 1 and the recommended WF

	ZTE
	Option 1.

	Huawei
	Option 1.

	Ericsson
	Agree with option 1. If we define Te requirements for NTN UE then that requirement will implicitly define GNSS positioning accuracy, which have to be met, to fulfill Te accuracy requirement.

	THALES
	Option 1 and recommended WF are fine. 
However, it is not impossible to test separately GNSS performance, or to assume a potential accuracy of the GNSS to be taken into account by an artificial test setup, in order to verify the performance of the initial access. This may be helpful for example to fix some GNSS performance bound and test the initial access for different satellite representative position/orbit or e.g. for different ephemeris data and periodicity. Otherwise, we might not know from exactly where the synchronization error comes from.

	CATT
	Agree with Recommended WF. It is not RAN4’s work.

	Nokia
	The recommended WF is Ok provided the validity of GNSS is known or defined, i.e., the upper bound. 



Issue 1-2: Whether to use different GNSS accuracy assumption for different RRM requirements?
· Option 1: (Huawei)
· Yes
· Option 2: (CATT, CMCC)
· No
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	MTKXXX
	It can be discussed in case-by-case basis, because scenarios would be different for different RRM requirements.

	Apple
	Option 2 is preferred.

	Xiaomi
	Similar comments as MTK, it can be discussed in case by case basis.

	Qualcomm
	Agree with Option 1. 
But we believe RAN4 shouldn’t spend too much time discussing the questions like “whether/which/how much/etc”

	Intel
	Option 1. It seems to us that our proposals for GNSS aspects are not considered in the summary doc. Please moderator refer to R4-2113140 proposal 6 and proposal 7. 
Case-by-case method is fine with us.

	CMCC
	Option 2. GNSS accuracy is more kind of UE capability. For example, if UE can achieve 50m GNSS accuracy in timing requirements, then UE can achieve 50m GNSS accuracy for all other requirements. We do not see the benefits to set different assumption for different test scenario. But we do not object discuss it case by case and make decision later.

	OPPO
	Option 2, a unified GNSS accuracy assumption for all RRM requirements is preferred. 

	Huawei
	Option 1. 
To clarify, our proposal is “RAN4 can use different assumptions” rather than “RAN4 to use different assumptions”, so we are fine to discuss the GNSS accuracy assumption case by case for each RRM requirement.
So far, we can foresee that at least two types of RRM requirements will be based on certain assumptions on GNSS accuracy: one is timing related and the other one is mobility related. We think the required GNSS accuracy to achieve reasonable performance for these two requirements can be different, e.g. typically timing requirements need a better assumption than mobility requirements.
In short, the intention of option 1 is to make sure that RAN4 does not enforce to use same GNSS accuracy assumption for all RRM requirements. 

	Ericsson
	It can be discussed in case-by-case basis, because scenarios would be different for different RRM requirements.

	THALES
	Option 1 seems reasonable. Please also see our comments above. 
This may be helpful for example to fix some GNSS accuracy bound and test the initial access for different satellite representative position/orbit or e.g. for different ephemeris data and periodicity. Otherwise, we might not know from exactly where the synchronization error comes from.
However, not clear for now how different RRM requirements should be, and which are the most representative cases.

	CATT
	Prefer Option 2. It’s too complicated if different GNSS accuracy is used to define different RRM requirements. One additional question to this issue is: what does it mean different RRM requirements exactly. Different types of RRM requirements? Just an example: use 50m for Te requirement and xx m for RLM. Or for each type of RRM requirements, define different levels by using different GNSS accuracy. If the former one, we cannot see the logic by using different GNSS accuracy. Could we have some further example to understand case by case?

	Nokia
	If an upper bound of GNSS accuracy can be assumed, then Option 2 is feasible. We would like to understand the implication of Option 1 on RRM requirements.



Issue 1-3: Impact of first time to fix/time to subsequent fix on RRM requirements.
· Option 1: (CATT, Huawei)
· RAN4 not to further discuss the assumptions on delay or frequency of GNSS fix for defining RRM requirements.
· Recommended WF
· RAN4 not to further discuss the assumptions on delay or frequency of GNSS fix for defining RRM requirements. 
	Company
	Comments

	MTKXXX
	Fine with Option 1 and the recommended WF. 

	Apple 
	Agree with the recommended WF.

	Xiaomi
	Fine with the recommended WF

	Qualcomm
	Okay with Option 1.

	Intel
	Needs clarification on Option 1: it means 1) RAN4 confirms on the exiting assumption in 38171 or 2) no requirements shall be specified as long as it is related anyhow to these assumptions.

	CMCC
	Fine with the recommended WF.

	Samsung
	Agree with Option 1 and the recommended WF

	OPPO
	Agree with the recommended WF.

	ZTE
	Agree with the recommended WF.

	Huawei 
	Agree with the recommended WF.
To Intel, we understanding 38171 defines some requirement e.g. TTFF, on the delay or frequency of GNSS fix, and they are of course valid. However, we think what is relevant for defining the RRM requirements is the GNSS accuracy, while how fast or how frequent UE performs GNSS fix can be left to UE GNSS implementation, as long as UE can meet the RRM requirements. So we think RAN4 does not need to further discuss assumption on delay or frequency of GNSS fix for defining RRM requirements, at least not as a generic issue.

	Ericsson
	WF is fine.

	THALES
	Fine with the recommended WF.

	CATT
	Agree with Recommended WF.

	Nokia
	The recommended WF is Ok provided the assumption is checked and acceptable. 



Issue 1-4: UE capability on GNSS accuracy
· Option 1: (Huawei, CATT)
· No UE capability
· Option 2: ()
· FFS
· Recommended WF
· No UE capability on GNSS accuracy is defined in this WI. 
	Company
	Comments

	MTKXXX
	Fine with Option 1 and the recommended WF. 

	Apple
	Agree with the recommended WF.

	Xiaomi
	Fine with the recommended WF

	Qualcomm
	[bookmark: _Hlk80025955]Agree with Option 1. We do not see a need for the capability at this point in time.

	LG
	Support recommended WF

	Intel
	Agree.

	CMCC
	Support the recommended WF.

	Samsung
	Agree with the recommended WF.

	OPPO
	Agree with the recommended WF.

	ZTE
	Agree with the recommended WF.

	Huawei
	Agree with the recommended WF.

	Ericsson
	WS is fine.

	THALES
	Agree with Option 1 and recommended WF, it does not make sense to introduce a new capability, and different from legacy.

	CATT
	Agree with the Recommended WF.

	Nokia
	The recommended WF is Ok.



Issue 1-5: GNSS accuracy assumption for RRC-IDLE/INACTIVE state 
· Option 1: (Huawei, CATT)
· The GNSS accuracy assumption used in RRC_CONNECTED state is applied in RRC-IDLE/INACTIVE state
· Option 2: (CMCC)
· FFS
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	MTKXXX
	Fine with Option 1.

	Apple
	Fine with option 1

	Xiaomi
	Fine with option 1

	Qualcomm
	Okay with Option 1.

	LG
	Support option 1

	Intel
	Agree to option 1.

	CMCC
	Option 1 is OK.

	OPPO
	Support option 1.

	ZTE
	Support option 1.

	Huawei
	Option 1.

	Ericsson
	We are fine with option 1. We see no reason why GNSS accuracy cannot be the same in idle mode and connected mode. 

We will define rrm timing requirements for NTN UE. These requirements will define implicit requirements on GNSS accuracy.

	THALES
	Ok with Option 1, since GNSS is required also in IDLE mode with similar precision as in CONNECTED. However, maybe INACTIVE does not have exactly the same behavior.

	CATT
	Support option 1.

	Nokia
	This issue is somewhat related to Issue 1-2. Option 1 is Ok. 



Issue 1-6: GNSS performance requirement 
· Option 1: (QC)
· NTN specific UE GNSS requirements shall not be separately defined. Instead, the performances shall be incorporated throughout RRM requirements that require UE GNSS based information, i.e. it is up to UE implementation when and how frequently to read and update GNSS information as long as the performance requirements are met.
· Option 2: (Nokia)
· RAN4 should discuss how a UE can determine it accuracy from GNSS is accurate enough to fulfil the initial transmission timing error requirements.
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	MTKXXX
	Fine with Option 1.

	Apple
	Option 1. GNSS performance is used as side condition for RRM requirement design, but how to perform GNSS measurement is up to UE implementation as long as UE could meet the RRM requirement.

	Xiaomi
	Support option 1

	Qualcomm
	Option 1.

	LG
	Generally fine with option 1

	CMCC
	Option 1 is ok for us as long as the GNSS-related RRM requirements are reasonable.

	Samsung
	Fine with Option 1. 

	OPPO
	Support option 1.

	ZTE
	Support option 1.

	Huawei
	Support option 1
On option 2, we are not sure if UE is expected to determine whether its GNSS accuracy is enough to meet the timing requirements. The GNSS accuracy is considered as a side condition (either direct or indirect, which is being discussed in timing requirements). If the condition is met then UE should meet the timing requirement, otherwise UE is not required to meet the timing requirement.

	Ericsson
	Option 1 and option 2 are ok.

	THALES
	Option 1 seems easier, and RAN1 already decided these procedures as implementation issues. Option 2 could also be considered as implementation issue, as long as the method provides some benefits.

	CATT
	Support option 1.

	Nokia
	Options 1 and 2 are not contradictory. For clarification, Option 1 raises an issue to be discussed. It seems most companies see this as a UE implementation specific issue.



Issue 1-7: UE Internal Coexistence between GNSS receiver and NR UL transmitter
· Option 1: (QC)
· If any impact to RRM performances, e.g. UL transmit timing accuracy, location based measurement/handover, etc, due to intra-UE co-existence between GNSS receiver and NR transmitter is identified, RAN4 to consider allowing UL interruption to mitigate UE GNSS performance losses. If allowed and defined, it can be subject to per-band UE capability.
· Option 2: ()
· FFS
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	MTKXXX
	More discussion is needed. We need to identify the issue first.

	Apple
	In general agree Option 1, but the capability related issue could be FFS; so we propose option 1a:
Option 1a:
· If any impact to RRM performances, e.g. UL transmit timing accuracy, location based measurement/handover, etc, due to intra-UE co-existence between GNSS receiver and NR transmitter is identified, RAN4 to consider allowing UL interruption to mitigate UE GNSS performance losses. If allowed and defined, it can be subject to per-band UE capability.
· If allowed and defined, FFS on whether and how to introduce UE capability.


	Qualcomm
	We can agree with Option 1 in principle, and it can be further confirmed in RF session. There were some concerns from companies that there can be co-existence issue between GNSS receiver and NR UL transmitter especially on L-band. The right place where the issue can be identified is RF room.

And we are okay with Apple’s Option 1a.

	CMCC
	Based on our knowledge, L-band will not used for NTN UL, so we wonder why still have internal coexistence issue.
Besides, we believe the IDC mechanism specified in RAN2 can cover any in-device interference. So, there is no need to spend time in RAN4 to discuss the interruptions or measurement gaps for GNSS measurements during NTN operation.

	Samsung
	Similar with MTK and Qualcomm, this issue needs to be identified first in RF session.

	Huawei
	We think it is too early to discuss, and the issue needs to be first identified in RF session.

	Ericsson
	More discussion is needed. We need to identify the issue first.

	THALES
	The band has to be first identified, and then is not clear if a dedicated capability is required.

	CATT
	In general option 1 if fine. To further study the detail of the impact.

	Nokia
	Share the same view as Ericsson. It is not clear what the open issues are.



Issue 1-8: Whether UE should use the referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE.
· Option 1: (Nokia)
· RAN4 should discuss whether the use os the time provided by referenceTimeInfo-R16 is beneficial to securing that the initial transmission timings are kept by a UE.
· Recommended WF
· This issue has been discussed in RAN4#99e meeting, and the agreement has been captured in the WF (R4-2108350).
· It is up to RAN1/RAN2 decision on whether UE should use the referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE
· It is proposed to keep this agreement unchanged
	Company
	Comments

	XXXApple 
	Agree with the recommended WF.

	Xiaomi
	Support the recommended WF

	Qualcomm
	Agree with Recommended WF.

	CMCC
	Agree with the recommended WF.

	Samsung
	Agree with the recommended WF. 

	ZTE
	Agree with the recommended WF. 

	Huawei
	Support the recommended WF

	Ericsson
	Agree with WF.

	THALES
	Agree with WF

	CATT
	Agree with the Recommended WF.

	Nokia
	The recommended WF is Ok.



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: Whether to define general GNSS positioning accuracy requirements?
	
	Status summary 

	Issue 1-1
	· Option 1: (CATT, Apple, Xiaomi, MTK, QC, Intel, CMCC, OPPO, Huawei, Ericsson, THALES, Nokia, ZTE, LG, Samsung)
· No
After 1st round discussion, all the companies support option 1. 
Tentative agreement after 1st round discussion:
· RAN4 not to define the general GNSS positioning accuracy requirements for NR NTN. 
Recommendations for 2nd round:
· No further discussion.



Issue 1-2: Whether to use different GNSS accuracy assumption for different RRM requirements?
	
	Status summary 

	Issue 1-2
	· Option 1: (Huawei, QC, Intel, THALES)
· Yes
· Option 2: (CATT, CMCC, Apple, OPPO, Nokia)
· No
After 1st round discussion, 4 companies support option 1, 5 companies support option 2 and 6 companies suggest it can be discussed by case-by-case basis. 
Recommendations for 2nd round:
· Companies are encouraged to provide views on whether the GNSS accuracy assumption can be discussed by case-by-case basis for different RRM requirements.



Issue 1-3: Impact of first time to fix/time to subsequent fix on RRM requirements.
	
	Status summary 

	Issue 1-3
	· Option 1: (CATT, Apple, Xiaomi, MTK, QC, CMCC, OPPO, Huawei, Ericsson, THALES, Nokia, ZTE, Samsung)
· RAN4 not to further discuss the assumptions on delay or frequency of GNSS fix for defining RRM requirements.
After 1st round discussion, 13 companies support option 1, and 1 company needs clarification on option 1. 
Tentative agreement after 1st round discussion:
· RAN4 not to further discuss the assumptions on delay or frequency of GNSS fix for defining RRM requirements. 
Recommendations for 2nd round:
· Some clarification on option 1 is needed if the tentative agreement is not agreed.



Issue 1-4: UE capability on GNSS accuracy
	
	Status summary 

	Issue 1-4
	· Option 1: (CATT, Apple, Xiaomi, MTK, QC, Intel, CMCC, OPPO, Huawei, Ericsson, THALES, Nokia, ZTE, LG, Samsung)
· No UE capability
After 1st round discussion, all the companies support option 1. 
Tentative agreement after 1st round discussion:
· No UE capability on GNSS accuracy is defined in Rel-17 NTN WI. 
Recommendations for 2nd round:
· No further discussion.



Issue 1-5: GNSS accuracy assumption for RRC-IDLE/INACTIVE state
	
	Status summary 

	Issue 1-5
	· Option 1: (CATT, Apple, Xiaomi, MTK, QC, Intel, CMCC, OPPO, Huawei, Ericsson, THALES, Nokia, ZTE, LG)
· The GNSS accuracy assumption used in RRC_CONNECTED state is applied in RRC-IDLE/INACTIVE state
· Option 2: (CMCC)
· FFS
After 1st round discussion, all the companies support option 1. 
Tentative agreement after 1st round discussion:
· The GNSS accuracy assumption used in RRC_CONNECTED state is applied in RRC-IDLE/INACTIVE state. 
Recommendations for 2nd round:
· No further discussion.



Issue 1-6: GNSS performance requirement
	
	Status summary 

	Issue 1-6
	· Option 1: (QC, MTK, Apple, Xiaomi, LG, CMCC, Samsung, OPPO, ZTE, Huawei, Ericsson, THALES)
· NTN specific UE GNSS requirements shall not be separately defined. Instead, the performances shall be incorporated throughout RRM requirements that require UE GNSS based information, i.e. it is up to UE implementation when and how frequently to read and update GNSS information as long as the performance requirements are met.
· Option 2: (Nokia, Ericsson)
· RAN4 should discuss how a UE can determine it accuracy from GNSS is accurate enough to fulfil the initial transmission timing error requirements.
After 1st round discussion, 12 companies support option 1 and 2 companies are fine with option 2. 
Recommendations for 2nd round:
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· GNSS performance is used as side condition for RRM requirement design
· It is up to UE implementation when and how frequently to read and update GNSS information as long as the RRM requirements are met.



Issue 1-7: UE Internal Coexistence between GNSS receiver and NR UL transmitter
	
	Status summary 

	Issue 1-7
	· Option 1: (QC, Apple)
· If any impact to RRM performances, e.g. UL transmit timing accuracy, location based measurement/handover, etc, due to intra-UE co-existence between GNSS receiver and NR transmitter is identified, RAN4 to consider allowing UL interruption to mitigate UE GNSS performance losses. If allowed and defined, it can be subject to per-band UE capability.
· Option 1a: (Apple, QC)
· If any impact to RRM performances, e.g. UL transmit timing accuracy, location based measurement/handover, etc, due to intra-UE co-existence between GNSS receiver and NR transmitter is identified, RAN4 to consider allowing UL interruption to mitigate UE GNSS performance losses. If allowed and defined, it can be subject to per-band UE capability.
· If allowed and defined, FFS on whether and how to introduce UE capability.
· Option 2: (MTK, Samsung, Huawei, Ericsson, THALES, CATT, Nokia)
· FFS
After 1st round discussion, 2 companies are fine with option 1/1a, and other companies think this issue need to be identified first in RF session. 
Recommendations for 2nd round:
· No more discussion is needed in 2nd round discussion, this issue should be identified first in RF session, then it can be discussed the potential impact in RRM session. 



Issue 1-8: Whether UE should use the referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE.
	
	Status summary 

	Issue 1-8
	· Option 1: (Nokia)
· RAN4 should discuss whether the use os the time provided by referenceTimeInfo-R16 is beneficial to securing that the initial transmission timings are kept by a UE.
· Recommended WF
· This issue has been discussed in RAN4#99e meeting, and the agreement has been captured in the WF (R4-2108350).
· It is up to RAN1/RAN2 decision on whether UE should use the referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE
· It is proposed to keep this agreement unchanged
After 1st round discussion, all the companies support the recommended WF. 
Tentative agreement after 1st round discussion:
· Keep the agreement captured in WF (R4-2108350) unchanged. 
Recommendations for 2nd round:
· No further discussion.




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 1-2: Whether to use different GNSS accuracy assumption for different RRM requirements?
· Option 1: (Huawei, QC, Intel, THALES)
· Yes
· Option 2: (CATT, CMCC, Apple, OPPO, Nokia)
· No
· Recommended WF
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· The GNSS accuracy assumption can be discussed by case-by-case basis for different RRM requirements. 
	Company
	Comments

	LG
	We are fine with the recommended WF.

	Xiaomi
	Support the recommended WF

	Apple
	Option 2. GNSS measurement is irrelevant to cellular RRM activity, prefer to pick a common GNSS assumption for all RRM requirements.

	Ericsson
	Support the WF.

	Intel
	We agree with the WF.

	Nokia
	The recommended WF is Ok.

	Huawei
	Support the recommended WF

	CATT
	Support option 2. We still have the question to “case by case” in first round with no reply. What does it mean different RRM requirements exactly? Different types of RRM requirements? Just an example: use 50m for Te requirement and xx m for RLM. Or for each type of RRM requirements, define different levels by using different GNSS accuracy. For example, for Te requirement, define two series of requirements. If the former one, we cannot see the logic by using different GNSS accuracy. Could we have some further clarification to understand case by case?

	THALES
	Agree with the WF



Issue 1-6: GNSS performance requirement 
· Option 1: (QC, MTK, Apple, Xiaomi, LG, CMCC, Samsung, OPPO, ZTE, Huawei, Ericsson, THALES)
· NTN specific UE GNSS requirements shall not be separately defined. Instead, the performances shall be incorporated throughout RRM requirements that require UE GNSS based information, i.e. it is up to UE implementation when and how frequently to read and update GNSS information as long as the performance requirements are met.
· Option 2: (Nokia, Ericsson)
· RAN4 should discuss how a UE can determine it accuracy from GNSS is accurate enough to fulfil the initial transmission timing error requirements.
· Recommended WF
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· GNSS performance is used as side condition for RRM requirement design
· It is up to UE implementation when and how frequently to read and update GNSS information as long as the RRM requirements are met.
	Company
	Comments

	LG
	Support recommended WF

	Xiaomi
	Support the recommended WF

	Apple
	Fine with the recommended WF

	ZTE
	Support the recommended WF.

	Ericsson
	Support the recommended WF.

	Qualcomm
	Support Recommended WF.

	Intel
	Fine with the recommended WF.
One question to discuss: do we expect the GNSS performance side conditions can be controlled/met in the RRM test cases? If not, we’d rather address it as an assumption instead of a side condition.

	Nokia
	The side condition in the first bullet of the recommended WF needs further clarification. What is GNSS side condition? As a suggestion, we can delete the first bullet.
The second bullet of the WF is Ok.  

	Huawei
	The first bullet seems to be conflicting with the recommended WF for issue 2-2-2.
· Use the scenario of moving scenario and periodic update (2-D position error is 50m) defined in section 6.5 TS 38.171 as the side condition for Te_NTN requirement. 
It is a bit confusing to us what would be used as the side condition, is it 1) the GNSS satellite condition as defined in section 6.5 TS 38.171, or 2) the 50m GNSS accuracy?
We are fine with the second bullet. 

	CATT
	Fine with the Recommended WF.

	THALES
	Agree with the WF.





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

	R4-2111740
	FGI, Asia Pacific Telecom, III, ITRI
	Observation 1 Gradual timing adjustment is used for DL reception timing drifting including the service link delay and the feeder link delay, but the UE specific TA is used for the service link delay only.
Observation 2 Gradual timing adjustment is based on SSB measurement, but UE-specific TA is based on UE location and satellite ephemeris.
Observation 3 Gradual timing adjustment has a clear trigger point, but UE-specific TA has no trigger point.
Based on observations, the following proposals are made
Proposal 1 Support of Option 1: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately shall be considered, regarding UE-specific TA has no clear trigger point/condition.
Proposal 2 If Option 1: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately can be supported, then the maximum aggregate adjustment rate could be Tq_NTN = 246×64×TC per 200ms.

	R4-2111938
	CATT
	Proposal 1: Don’t define a separate accuracy requirement for UE specific TA estimation.
Proposal 2: Don’t define the update rate for UE specific TA estimation.
Proposal 3: Don’t define UE behaviour related to UE specific TA estimation in RAN4 specification.
Proposal 4: Don’t define a separate accuracy requirement for self-estimated TA common (NTA, common). 
Proposal 5: Don’t define a separate accuracy requirement for the combination of  NTA,UE-specific + NTA,common.
Proposal 6: The composites for initial transmit timing requirement in NTN include current UE transmit timing error in NR requirement, GNSS position error, and error calculated by extrapolation from last ephemeris data and GNSS position.
Proposal 7: GNSS position error assumption for Te_NTN can adopt nominal accuracy of GNSS defind in 38.171, i.e. 30m.
Proposal 8: Don’t define general GNSS positioning accuracy requirements in RRM specificaitonessioneion.
Proposal 9: The reference timing for UE initial transmission is defined same as in TN requirement.
Proposal 10: TN gradual timing adjustment requirements can be reused for NTN network.
Proposal 11: Define same gradual timing adjustment requirements for different NTN topologies.
Proposal 12: The gradual timing adjustment is used for residual part timing change after UE specific TA chang, i.e. If UE transmit timing change equals to half of UE specific TA chang, the gradual timing adjustment is not needed.
Proposal 13: The maximum delay variation should not be considered in the gradual timing adjustment requirement in NTN.
Proposal 14: No direction of timing adjustment for NTN UE pre-compensation should be considered.
Proposal 15: the UE position and extrapolation satellite position estimation error should be accounted for TA adjustment accuracy requirement.
Proposal 16: 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, otherwisessione plus delay error related with nominal accuracy of GNSS, i.e. 30m.
Proposal 17: The UE behaviour for timing advance adjustment should be as following:
T1: Downlink reception timing is TDL1;  Timing advance signaled is TTA1 = NTA1×Tc;  UE specific TA is TTA, UE-specific1 = NTA,UE-specific1×Tc;  The UE transming timing is Ttiming1
T2: Downlink reception timing is TDL2;  Timing advance signaled is TTA2 = NTA2×Tc;  UE specific TA is TTA, UE-specific2 = NTA,UE-specific2×Tc
 UE will set it’s transming timing to Ttiming2 = Ttiming1+ (TTA2 – TTA1) + (TTA, UE-specific2 – TTA, UE-specific1) / 2
 If Ttiming2 ≠ TDL2 + (NTA2 + NTA,UE-specific2 + NTA,Common + NTA_offset)×Tc
  UE will use rule of gradual timing adjustment to adjust transmit timing.
Proposal 18: The TA adjustment accuracy impact due to the open loop and closed loop TA adjustment is as proposal 16.

	R4-2112128
	Apple
	Proposal 1:
No need to define a separate accuracy requirement for UE specific TA estimation.
No need to define the update rate for UE specific TA estimation.
No need to define UE behavior for UE specific TA estimation as a requirement, as long as UE can meet the timing requirement, i.e., Te/Tq/Tp.

Proposal 2:
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 3: Following composites should be considered for initial transmit timing requirement in NTN:
· UE position estimation error 
· Serving-satellite position estimation error
· The current UE transmit timing error requirement

Proposal 4: use the middle case of GNSS positioning accuracy requirement (i.e., 2-D position error = 50m) in TS38.171 as baseline to define the UE timing requirement in NTN.
Proposal 5: Not to define general GNSS positioning accuracy requirements. RAN4 would choose one GNSS positioning accuracy from TS38.171 as a general side condition for NTN RRM requirement design.
Proposal 6: Serving-satellite position estimation error is determined by the ephemeris calculation error, and RAN4 assumes serving-satellite position estimation error has same value as UE position estimation error in the Te_NTN requirement design.
Proposal 7: The NTN Te requirement shall not exceed (CP – 8*64*Tc)/3 for FR1 and CP/5 for FR2 on UL.
Proposal 8: The Te_NTN requirement shall be defined as, 
· FR1 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), (CP – 8*64*Tc)/3}
· FR2 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), CP/5 }
	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
	

	2
	120
	60
	7.5*64*Tc
	min{(legacy Te + 20.48*64*Tc), CP/5 }

	
	
	120
	4*64*Tc
	

	
	240
	60
	7.5*64*Tc
	

	
	
	120
	4*64*Tc
	



Proposal 9: reference timing for UE initial transmission shall follow the legacy NR definition unless it’s updated in other WIs, i.e., the first detected path (in time) of the corresponding downlink frame from the reference cell.

Proposal 10: the design principle for gradual timing adjustment requirement is:

Proposal 11: RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, LEO and FFS on MEO.
Proposal 12: The maximum delay variation should be considered in the gradual timing adjustment requirement in NTN, and RAN4 sends LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO.
Proposal 13: 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 14: For GEO, Tq_NTN/Tp_NTN is defined as same as legacy TN case

Proposal 15: 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

	2
	60
	26.5*64*Tc
	26.5*64*Tc

	
	120
	26.5*64*Tc
	26.5*64*Tc

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



Proposal 16: UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Proposal 17: in RRC connected mode, the legacy NR TA adjustment accuracy requirement in TS38.133 could be reused for NTN case.

	R4-2112206
	CMCC
	Proposal 1: Do not define a separate UE specific TA estimation accuracy requirement.
Proposal 2: Do not define a separate accuracy requirement for self-estimated TA common (NTA,common) and the combination of NTA,UE−specific + NTA,common
Proposal 3: The following composites should be considered for initial transmit timing requirement in NTN
· UE position estimation error (GNSS inaccuracy)
· Serving-satellite position estimation error (ephemeris information inaccuracy)
· The current UE transmit timing error requirement
Proposal 4: Use 50m position error for worst-case and 20m as the typical case for GNSS position error assumption.
Proposal 5: The revisited Te requirement for NTN can take the following tables as the baseline. Further update the values in bracket squares after achieving the conclusions about GNSS accuracy and PVT accuracy.
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te (worst-case)

	1
	15
	15
	(12+[5])*64*Tc=[17]*64*Tc

	
	
	30
	[15]*64*Tc

	
	
	60
	[15]*64*Tc

	
	30
	15
	[13]*64*Tc

	
	
	30
	[13]*64*Tc

	
	
	60
	[12]*64*Tc

	2
	120
	60
	[8.5]*64*Tc

	
	
	120
	[8.5]*64*Tc

	
	240
	60
	[8]*64*Tc

	
	
	120
	[8]*64*Tc

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

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te(typical-case)

	1
	15
	15
	(12+[2])*64*Tc=[14]*64*Tc

	
	
	30
	[12]*64*Tc

	
	
	60
	[12]*64*Tc

	
	30
	15
	[10]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[9]*64*Tc

	2
	120
	60
	[5.5]*64*Tc

	
	
	120
	[5.5]*64*Tc

	
	240
	60
	[5]*64*Tc

	
	
	120
	[5]*64*Tc

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


Proposal 6: Prefer to use the stringent requirement for all GNSS related RRM requirements.
Proposal 7: The reference timing for UE initial transmission should be revisited considering the following factors:
· TA definition in NTN 
· NTA,UE-specific means the ideal service link TA in reference timing definition
· the reference point definition update in TN
Proposal 8: The maximum delay variation of service link should be considered in the gradual timing adjustment requirement
Proposal 9: In FR1, The maximum aggregate adjustment rate shall be Tq per Xms, Tq value use [255/200*X]*64*Tc as the baseline, a candidate set of X can be [50ms, 40ms, 20ms], the specific value can be further discussed
Proposal 10: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 11: The NTN UE timing adjustment behavior is same with the TN UE timing adjustment behavior.
Proposal 12: Further evaluate the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command and TA update methodology.

	R4-2109254
	Xiaomi
	Proposal 1: Not define a separate accuracy requirement for UE specific TA estimation.
Observation 1: The updating periodicity for UE specific TA estimation depends on the conclusion on the common TA drift parameter design which is discussing in RAN1.
Proposal 2: Not define a separate accuracy requirement for NTA,common or the combination of (NTA,UE-specific + NTA,common).
Observation 2: The UE specific TA estimation error is consist of the accuracy of A-GNSS position estimation (ΔUE-pos) and the accuracy of serving-satellite ephemeris (ΔSat-pos).
Proposal 3: the following composites should be considered for initial transmit timing requirement for NTN UE:
· UE position estimation error
· Serving-satellite position estimation error
· The current UE transmit timing error requirement defined in TS38.133
Proposal 4: It is proposed to use the scenario of moving scenario and periodic update defined in section 6.5 TS 38.171 as the reference to define the GNSS position error for NTN UE.
Proposal 5: It is proposed to not define the general GNSS positioning accuracy requirement.
Observation 3: The uncertainty of the serving-satellite ephemeris estimation depends on the periodicity of the ephemeris signaling which is under discussion in RAN1.
	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+x]*64*Tc
	[17+x]*64*Tc

	
	
	30
	10*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	60
	10*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	30
	15
	8*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	30
	8*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	60
	7*64*Tc
	[5+x]*64*Tc
	[12+x]*64*Tc

	2 
	120
	60
	3.5*64*Tc
	[5+x]*64*Tc
	[8.5+x]*64*Tc

	
	
	120
	3.5*64*Tc
	[5+x]*64*Tc
	[8.5+x]*64*Tc

	
	240
	60
	3*64*Tc
	[5+x]*64*Tc
	[8+x]*64*Tc

	
	
	120
	3*64*Tc
	[5+x]*64*Tc
	[8+x]*64*Tc


Proposal 6: the Te requirement in NTN can be defined in table 2, where x is the uncertainty of the serving-satellite ephemeris estimation.
Table 2: Te requirement in NTN
Proposal 7: 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 8: In GEO scenario, the existing timing adjustment rules defined in TS38.133 can be applied.
Observation 4: The TA adjustment accuracy should consider all these inaccuracy of the received TA command adjustment () and UE specific TA estimation between the TA signaled by the network at slot n and the UL timing adjustment at slot n+k+1.
Proposal 9: RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN

	R4-2112486
	MTK
	Observation 1:  The following can be considered when defining the requirement of Te,NTN
· Legacy Te. 
· UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy)
· UE position estimation error, GNSS inaccuracy
· Serving-satellite position estimation error 
Observation 2: Serving-satellite position estimation error is inherent in the information provided by network and it should not be a UE requirement.
Proposal 1: Composite of Te,NTN  includes the legacy Te and UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy). While the GNSS accuracy and serving-satellite position estimation error can be considered as the assumption when defining the requirement of Te,NTN.
Observation 3: In TN, the overall UL timing error in is less than 0.5 CP, including legacy Te, TA command resolution error and TA adjustment accuracy.
Observation 4: UL timing uncertainty can be within 0.5*CP for UL SCS of 15kHz and 30kHz, assuming UE GNSS accuracy of 50 m and serving-satellite position estimation error of 30 m.
Proposal 2: Te,NTN requirement for UL SCS of 15kHz and 30kHz can be defined, based on assuming GNSS inaccuracy of 50 m and serving-satellite position estimation error of 30 m. FFS for the case of UL SCS of 60Hz in FR1 and UL SCS of 120kHz in FR2.
Observation 5: NTA,common  and NTA,offset  are both indicated by the network.
Proposal 3: Similar to NTA,offset, NTA,common can be captured in total advanced timing, and the timing error limit Te,NTN does not need to be relaxed because of NTA,common.
Observation 6: Big gap between the timing drift in NTN LEO (25us/sec) and the R15 max timing adjustment rate (0.9us/sec).
Observation 7: When the UE delayed the transmission timing by , the double amount of delay, i.e.2 x , would be observed at satellite, and this timing jump would cause reception problem.
Observation 8: The timing adjustment of NTN UE pre-compensation and legacy gradual timing adjustment are in opposite directions.
Observation 9: The legacy GTA requirement would not be necessary for NTN, since it can be replaced by timing adjustment with UE pre-compensation.
Proposal 4: In NTN, gradual timing adjustment behaviour can be replaced by UE pre-compensation, which can be captured by the timing error limit Te,NTN. 

	R4-2112682
	LG Electronics Inc.
	In this contribution, we provide our views on NTN timing requirements, and we propose
· Proposal 1: Do not define separate UE specific TA estimation accuracy requirement and define UE transmit timing error requirement adding UE specific TA estimation accuracy
· Proposal 2: Consider to define the behavior for UE specific TA update.
· Proposal 3: RAN4 should assume that the valid ephemeris information is guaranteed for the UE transmit timing requirement test.
· Proposal 4: RAN4 needs further discussion when the ephemeris information is invalid or expired on the UE side.
· Proposal 5: UE and satellite position estimation error including GNSS inaccuracy should be taken into account in initial transmit timing requirement as option 1 and 1a.
· Proposal 6: Relaxed timing advance adjustment accuracy requirement should be considered.
· Proposal 7: UE specific TA should be updated in the slot before applying timing advance adjustment for its uplink transmission

	R4-2112709
	Qualcomm Incorporated
	Observations and Proposals are summarized below:
· Initial Transmit Timing Error
Observation 1: A maximum composite UE initial transmission timing error in NTN consists of maximum of UE position estimation error, maximum of satellite position estimation error, and the current timing error limits.
Observation 2: Unnecessarily stringent requirements on UE position estimation error will lead to detrimental impacts on overall UE power consumption and a degree of integration of NR transceiver and GNSS receiver.
Observation 3: PV ephemeris can provide better satellite position estimation performance in terms of accuracy.
Observation 4: Transmit timing error requirement shall not be defined such that UE is forced to read serving satellite’s ephemeris information more frequently than 10sec.
Observation 5: With 5.5Ts relaxation of initial timing error requirement, additional timing error due to 50m of UE position estimation error and 5m of satellite position prediction error provided that ideal satellite ephemeris information is provided by network can be absorbed while inter-symbol and -carrier orthogonality in uplink can be preserved.
Proposal 1: NTN UE initial timing error requirements shall be relaxed to account for at least 55m of a composite position estimation error with the following details:
· 50m of 2D UE position estimation error
· 10deg of the elevation angle to the satellite from UE
· 5m of serving satellite’s position prediction error which can be achieved when the provided satellite ephemeris information is ideal and UE reads the system information not more frequently than 10sec
· FFS on whether and how to accommodate timing drift on the feeder link
· Gradual Timing Adjustment
Observation 6: The current gradual timing adjustment requirement is to verify how UE reflects the estimated DL frame boundary drift to UL transmit timing.
Proposal 2: NTN UE gradual timing adjustment requirement shall be updated to follow the current test purpose which is to verify how UE reflects the estimated DL frame boundary drift to UL transmit timing, i.e. UE autonomous TA adjustment due to updates of UE position estimation, 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.
· TA Adjustment Accuracy
Proposal 3: Application time of TA adjustment upon TAC shall be updated to incorporate the newly introduced K_offset and K_mac parameters.
Proposal 4: 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. 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). And satellite ephemeris information is broadcasted assuming its position is fixed and timing drift on feeder is assumed zero for the core requirements and tests.
· Conflict between Closed-loop and Open-loop TA compensation
Observation 7: Due to different estimation/application time/periodicities between open-loop, i.e. UE autonomous TA estimation and pre-compensation, and closed-loop TA compensation, the actually UE TA error at gNB receiver can oscillate in a wide range, hence, a significant performance error.
Proposal 5: RAN4 to investigate an issue due to a conflict between closed-loop and open-loop TA compensation. If identified, send an LS to RAN1 and/or discuss how to resolve the issue in RAN4. Depending on the solution on how to resolve the issue, TA adjustment accuracy requirement can be modified accordingly.

	R4-2113141
	Intel Corporation
	Proposal 1: RAN4 defines UE specific TA estimation and update accuracy requirements to guarantee fair UE UL transmission timing.
Proposal 2: 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.
Observation 1: it is RAN1 to decide whether the UE updates the specific TA value by substitute TA values or by TA differences.
Proposal 3:  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 4:  Define a single set of gradual timing adjustment requirements for different NTN topologies.

	R4-2113203
	ZTE Corporation
	Proposal 1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement depends on RAN1’s design.
Proposal 2: RAN4 is suggested to reuse the existing TA adjustment accuracy requirement defined in TS 38.133  as baseline for NR NTN.

	R4-2113282
	OPPO
	Proposal 1: Do not define a separate accuracy requirement for TA common.
Proposal 2: Do not define a separate accuracy requirement for the combination of 
Proposal 3: The initial transmit timing requirement should consider UE position estimation error, serving-satellite position estimation error and the legacy requirements Te.
Proposal 4: Use 100m position error defined in 38.171 as the assumption for Te_NTN. 

	R4-2113453
	CATT
	RAN4 would like to thank RAN1 for the LS on NTN UL time and frequency synchronization requirements. In last RAN4 meeting, a response LS has sent to RAN1 for NTN UL frequency synchronization requirement and concluded the requirement will be ±0.1ppm. RAN4 further investigated time synchronization requirements and would like to give the following response.
The UE initial transmit timing error need to be relaxed compared to NR requirement in 38.133 based on Te in TN specification. The relaxation is determined by NTN UE specific time advance estimation accuracy and the NTN UE specific time advance estimation accuracy, and will be [100ns].

	R4-2113521
	Ericsson
	Observation 1: The UE initial transmit timing error is needed to make sure we avoid Inter Symbol Interference and loose UL throughput and capacity. 
Observation 2: The existing requirements make sure we fulfil intended UL throughput and capacity in NR.
Observation 3: The Delay Spread (DS) is listed as < 245 ns NTN across scenarios in the release 15 study report if we use on standard deviation as bound. 
Proposal 1: Allocate 10% (±5 %) of CP for UE position estimation error and Serving-satellite position estimation error in order to define a new Te requirement for NTN. The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.
Observation 4: The UE Timing Advance adjustment accuracy is needed to make sure we avoid Inter Symbol Interference and loose UL throughput and capacity. 
Proposal 2: Use existing TA adjustment accuracy also for NTN.
Observation 5: The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case delay variation of 246 * 64 Tc.
Observation: 6: Either the period has to be shortened from 200 ms to something smaller, or we need to increase Tq.

	R4-2113522
	Ericsson
	For initial access (i.e. PRACH transmission): An NTN UE will have an initial access error of existing ±(Te + 5% of CP), for SCS < 120 KHz. The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.
For UL transmissions in RRC Connected State): An NTN UE will have an additional timing error of ±5% of CP, for SCS < 120 kHz, compared to a legacy non-NTN UE. The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.

	R4-2113819
	Huawei, HiSilicon
	Proposal 1: The GNSS positioning error assumed for initial transmit timing error requirements is suggested to be within 50 meters, under the corresponding conditions as defined in Table 6.17 in TS36.171.
Proposal 2: The UE initial transmit timing error Te_NTN for NTN network can be defined as (Te + 10Ts), where Te is as same as the existing Te requirements in TS38.133.
Proposal 3: It is suggested to define the same gradual timing adjustment requirements which can be applied in different NTN topologies.
Proposal 4: It is suggested that the value of Tq in gradual timing adjustment requirements for NTN can be derived based on the larger value between the magnitude of downlink timing drift and the magnitude of UE specific TA change.
Proposal 5: It is suggested that the gradual timing adjustment requirements for NTN can be derived based on the maximum propagation delay variation on LEO scenario.
Proposal 6: It is suggested that TA adjustment requirements are applied when the timing advance between the uplink and downlink is changed by network signaling.
Proposal 7: It is suggested that the existing TA adjustment accuracy requirements for TN network can be applied for NTN network.

	R4-2114417
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 to set requirements on how open loop TA control in RRC connected mode should be applied in a way that does not impact the closed loop TA control messages and fulfilling the required accuracies.

	R4-2114420
	THALES
	Proposal 1: RAN4 should consider the NTN UE initial transmit timing error requirements to be the same as the ones already specified for TN Ues.
Proposal 2: 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 3: The accuracy of UE specific TA estimation () and self-estimated TA common () is counted into the UE transmit timing error requirement.
Proposal 4: UE specific TA estimation () and self-estimated TA common () accuracy shall be also defined as a separate accuracy requirement.
Proposal 5: Specify UE behavior related to the combination of UE specific TA estimation () and self-estimated TA common ().
Proposal 6: 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 7: For PRACH transmission, the NR NTN UE shall be able to self-estimate  with an accuracy better than ± ,  depending on the PRACH format and configuration.
Proposal 8: In connected mode, the NR NTN UE shall be able to self-estimate   with an accuracy better than ±  depending on the numerology in use.
Proposal 9: For PRACH transmission, the NR NTN UE shall be able to self-estimate its  with an accuracy better than ± ,  depending on the PRACH format and configuration.
Proposal 10: In connected mode, the NR NTN UE shall be able to self-estimate its   with an accuracy better than ±  depending on the numerology in use.
Proposal 11: For PRACH transmission, the NR NTN UE shall be able to self-estimate  with an accuracy better than ± ,  depending on the PRACH format and configuration.
Proposal 12: In connected mode, the NR NTN UE shall be able to self-estimate  with an accuracy better than ±  depending on the numerology in use.
Proposal 13: A validity timer configured for UE specific TA could be used to define the maximum time during which the UE can track the RTD on service link without having acquired new ephemeris data to be used for UE specific TA estimation:
· This timer is restarted each time the UE receives new ephemeris data;
· The UE assumes that it has lost uplink synchronization if this timer expires and new ephemeris data is not available.
Proposal 14: A validity timer configured for Common TA could be used to define the maximum time during which the UE can track the Common RTD without having acquired new assistance information to be used for Common TA estimation:
· This timer is restarted each time the UE receives new assistance information;
· The UE assumes that it has lost uplink synchronization if this timer expires and assistance information is not available.
Observation 1: 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 2: 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 3: 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 4: The PV accuracy target reference hypothesis could use Position error < 30 m and Velocity error < 30 mm/s.

Observation 5: 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. 



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 a separate accuracy requirement for UE specific TA estimation?
· Option 1: (Intel, THALES)
· Yes
· Option 2 : (CATT, Apple, CMCC, Xiaomi, LGE, OPPO)
· No
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	XXXMTK
	Prefer to Option 2, and wondering whether Option 1 can be tested alone.

	Apple
	Option 2.

	Xiaomi
	Option 2, it is accounted in Te requirement, and it cannot be tested separately.

	Qualcomm
	Option 2.

	LG
	Support option 2

	Intel
	We are OK to compromise to option 2 as long as the timing requirements in general guarantee UE performance in tracking the DL timing and sending at right timing for UL in real time.

	CMCC
	After checking the gradual adjustment timing requirements which are also limited by Te, Option 2 is slightly preferred.

	OPPO
	Option 2.

	ZTE
	Option 2.

	Huawei
	Support option 2.

	Ericsson
	We propose to have a specific Te where any UE specific estimation errors are allocated.

	THALES
	Option 1. 
Even if Option 1 is not selected, we still need to define something. If for example Option 2 is selected, we still need to specify/determine the required ephemeris accuracy.
In any case, for Option 1, a test setup with some GNSS data and ephemeris information could be considered.
Exemplification: We may include UE specific TA estimation error within the Te (transmission error), as such, Te is including all errors: including DL synchronization error and clock drift/jitter and so on. However, shall we specify a budget error for UE specific TA estimation error that should not be exceeded. For example x% of Te to be budgeted for UE specific TA estimation.
If we do not define UE specific TA estimation error, how are we going to retrieve the maximum acceptable error on satellite position, that is the satellite ephemeris accuracy? Indeed, we would like to define the max error on UE specific TA estimation to be able to determine the satellite ephemeris accuracy.

	CATT
	Support option 2.

	Nokia
	Option 2 is Ok provided the timing requirement can guarantee UE performance.



Issue 2-1-2: Whether to define the update periodicity for UE specific TA estimation?
· Option 1: (Intel)
· Yes
· Option 2: (CATT, Apple)
· No
· Option 3: (Xiaomi)
· Depends on RAN1’s conclusion
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	MTKXXX
	Agree with Option 2, it can be up to UE implementation.

	Apple
	Option 2.

	Xiaomi
	Option 2, in my understanding, the update periodicity of ephemeris information is up to RAN1/2 signaling design. And how often UE read and use the ephemeris information to calculate the UE specific TA is up UE implementation.

	Qualcomm
	Option 2.

	LG
	Fine with option 1 and option 3

	OPPO
	We support option 2 and can also wait for RAN1’s conclusion. 

	Huawei
	Support option 2

	Ericsson
	Option 3. This depend on RAN1 mechanism development and depictions.

	THALES
	Option 2, it should be UE implementation.

	CATT
	Support option 2.

	Nokia
	The same as Issue 2-1-1 and preferred Option 1.



Issue 2-1-3: UE behaviour related to UE specific TA estimation
· Option 1: (CATT, Apple)
· No need to define UE behaviour for UE specific TA estimation as a requirement.
· Option 2: (LGE)
· Consider to define the behavior for UE specific TA update.
· Option 3: (THALES)
· Specify UE behavior related to the combination of UE specific TA estimation () and self-estimated TA common ().
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	MTKXXX
	Is it related to Issue 2-1-3. Not very clear what UE behavior should be specified, given we will have NTN Te requirement to capture UE specific TA estimation.

	Apple
	Option 1 as long as UE can meet the RRM requirement.

	Xiaomi
	Option 1

	Qualcomm
	Proposals are not clear. UE behavior shall be defined by RAN1, and RAN4 is supposed to define the requirements as needed. If those are about how to estimate UE specific TA, it should be left to UE implementation.

	LG
	Support option 2. Since UE specific TA is estimated by the UE itself, network cannot control the UE specific TA value. Even if initial UE transmit timing error requirement is met, other timing requirements are could be affected according to the UE specific TA update behavior. So, the behavior of updating UE specific TA should be considered.

	Intel
	We are fine as long as the timing requirements in general guarantee UE performance in tracking the DL timing and sending at right timing for UL in real time.

	CMCC
	Option 1 is slightly preferred.

	OPPO
	Option 1. 

	ZTE
	Support option 1.

	Huawei
	Support option 1.
The UE behavior for UE specific TA estimation can be reflected by UE autonomous timing adjustment requirements. No need to specify a separate requirement.

	Ericsson
	Option 3, Specify UE behavior related to the combination of UE specific TA estimation () and self-estimated TA common ().

	THALES
	Option 3, as explained in the contribution R4-2114420.

	CATT
	Support option 1.

	Nokia
	Option 1.



Issue 2-1-4: The validity of ephemeris information
· Option 1: (LGE)
· RAN4 should assume that the valid ephemeris information is guaranteed for the UE transmit timing requirement test.
· RAN4 needs further discussion when the ephemeris information is invalid or expired on the UE side.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	MTKXXX
	Agree with the 1st bullet, to assume the valid ephemeris information is guaranteed for the UE transmit timing requirement test. And open to further discuss.

	Apple
	Agree with 1st bullet. Regarding satellite ephemeris, to define a UE requirement, we support to assume ideal ephemeris information could be obtained from network as RAN4 is designing UE requirement and it’s difficult to differentiate who contribute the error during testing if we allow errors from network. However, the error from ephemeris calculation model used by UE would still be counted into the UE requirement.

	Xiaomi
	Agree with the 1st bullet. For the 2nd bullet, it is up to RAN1/2 signaling design, how often the ephemeris information will be broadcasted.

	Qualcomm
	We don’t disagree with Option 1 in principle. However, the definition of valid ephemeris information is not crystal clear to us. Please elaborate on it a bit.

	LG
	For NTN operation, valid ephemeris information should be guaranteed in order to be used correctly in any estimates used based on the information, and we cannot say that the information is always valid except for assumption for testing. So, RAN4 needs to investigate when the information is invalid or expired on the UE side. If needed, RAN4 can check whether RAN2 has any procedure for invalid or expired situation of ephemeris information.

	Intel
	We assume it’s valid but not perfect.

	Samsung
	We are fine with the first bullet of Option 1. 

	ZTE
	We agree to have the assumption of a valid ephemeris information for test. When the ephemeris information is invalid or expired denpends on designs of other groups.

	Huawei
	We can agree with the 1st bullet.
For the 2nd bullet, it shall not be discussed in RAN4.

	Ericsson
	Agree with the 1st bullet. For the 2nd bullet, it is up to RAN1/2 signaling design, how often the ephemeris information will be broadcasted.

	THALES
	Agree with the 1st bullet.

	CATT
	In our understanding, we always assume that the ephemeris information is valid. It is unable to prove that it is incorrect by using current signal and procedure. Out of RAN4’s work.  

	Nokia
	Please clarify what “the valid ephemeris information” means.



Issue 2-1-5: whether to define a separate accuracy requirement for self-estimated TA common ()?
· Option 1: (THALES)
· Yes.
· Option 2: (CATT, Apple, CMCC, Xiaomi, OPPO, MTK)
· No.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	Support Option 2, it can be treated as N_TA_Offset

	Apple
	Option 2.

	Xiaomi
	Support option 2, similar comment as MTK

	Qualcomm
	Option 2. 
For “N_TA,common”, does it have anything to do with UE estimation accuracy? In our understanding, that is nothing but a value that will be derived based on network broadcasting information.

	LG
	Support option 2

	CMCC
	Option 2

	OPPO
	Option 2

	ZTE
	Support option 2.

	Huawei
	Support option 2.
UE estimates common TA based on the signaling indicated by the network. So, the calculation of common TA does not rely upon UE capability.

	Ericsson
	Option 1.

	THALES
	Option 1. It is about on how UE self-estimates the TA based on the received TA,common command from NW side (N_(TA,common) is network-controlled common TA, and may include any timing offset considered necessary by the network.).

	CATT
	Support option 2.

	Nokia
	Option 1.



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

	MTKXXX
	Support Option 2, it can be treated as N_TA_Offset.

	Apple
	Option 2.

	Xiaomi
	Support option 2, similar comment as MTK

	Qualcomm
	Option 2. The same comment as Issue 2-1-5.

	LG
	Support option 2

	CMCC
	Option 2

	OPPO
	Option 2

	ZTE
	Support option 2.

	Huawei
	 Support option 2.

	Ericsson
	Option 1. We want some requirement on the total patch from UE TX via satellite to GW and gNB.

	THALES
	Option 1, as explained in the contribution R4-2114420.

	CATT
	Support option 2.




UE transmit timing requirements
Issue 2-2-1: The composites should be considered for initial transmit timing requirement in NTN (Te_NTN).
· Option 1 : (CATT, Apple, CMCC, Xiaomi, LGE, OPPO, QC)
· UE position estimation error
· Serving-satellite position estimation error
· The current UE transmit timing error requirement defined in TS38.133
· Option 2: (MTK)
· Legacy Te
· UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy)
· The GNSS accuracy and serving-satellite position estimation error can be considered as the assumption when defining the requirement of Te,NTN.
· Option 3: (THALES)
· The accuracy of UE specific TA estimation (N_(TA,UE-specific)) and self-estimated TA common (N_(TA,common)) is counted into the UE transmit timing error requirement.
· Recommended WF
· The framework of Te_NTN = legacy Te + GNSS accuracy + Serving-satellite position estimation error.
	Company
	Comments

	MTKXXX
	Fine with the framework as suggested in recommended WF. But we would need to also clarify the reference timing, to verify the timing accuracy.
The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus 
	  x Tc
where  is (2 x  propagation delay / c) of service link.

	Apple
	Option 1, and agree with MTK, the recommend WF shall be:
The framework of Te_NTN = legacy Te + 2*GNSS accuracy + 2*Serving-satellite position estimation error
“2*” represents for RTT error based on position estimation in the worst case (position error is counted on the extension line of UE’s coordinate and satellite’s coordinate)

	Xiaomi
	Option 1 and support the recommended WF. The GNSS accuracy is the UE positioning error, and serving-satellite position estimation error is the calculation error for ephemeris information. The logic behind “2*” in Apple’s comments need some more clarification.

	Qualcomm
	Option 1. And okay with what is suggested by MTK. However, it would be better to say “distance based round trip delay” rather than “2 x propagation delay” because the propagation delay may also include other components on top of the round trip distance.
Regarding Apple’s comment, just to be more precise, “2*GNSS accuracy” needs to be multiplied by “cos(X[deg])” where X is a relative elevation angle between UE and satellite and can be 10.

	LG
	We are fine with the recommended WF. For “2*” by Apple, we need to double check.

	CMCC
	Option 1. 
We have the same view with MTK that the reference point should be updated, the equation above is also our proposal. However, the definition of  may need further check, maybe it should be (2 x propagation delay (or “distance based round trip delay” proposed by QC) / Tc), or just clarify that it means the ideal value without error. 
For the Te_NTN, Apple’s proposal can be a baseline.

	Huawei
	Generally, we can agree with option 1.
However the UE performs serving satellite position estimation based on the ephemeris information indicated by the network. The serving satellite position error does not depend on UE capability. RAN4 shall study whether to count the serving satellite position error into Te_NTN requirement.
Besides, the GNSS position accuracy need to be transferred into the timing error.

	Ericsson
	The WF is fine for us.

	THALES
	The proposed WF seems fine. 
Please also see RAN1#104-bis-e Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.


	CATT
	Support option 1. For the recommended WF, concern with second part “GNSS accuracy” for wording. In Option 1, it is something like UE positioning estimation error. It has different understandings. The UE positioning estimation error can include the GNSS accuracy and other factors. We prefer to use the “delta T1 calculated by UE positioning estimation error” and delta T2 calculated by Serving-satellite position estimation error. The formula is for T but the second and third parts are something for meter. Delta T1can be 2*GNSS accuracy/v + margin.



Issue 2-2-2: The side condition for Te_NTN requirement.
· Option 1: ()
· 2-D position error defined in TS38.171
· Option 2: (MTK)
· The GNSS accuracy and serving-satellite position estimation error
· Option 3 (Apple):
· RAN4 to choose one GNSS positioning accuracy from TS38.171 as a general side condition for NTN RRM requirement design.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	MTKXXX
	We are fine to consider the GNSS accuracy and serving-satellite position estimation error as part of NTN Te.
But it would be good to clarify the side condition in WF but not necessary capture it in spec.

	Apple
	Option 3.

	Xiaomi
	Option 1, use one of the GNSS position error defined in TS38.171 as the side condition for Te_NTN requirements.

	Qualcomm
	Similar comment as MediaTek.

	Intel
	Option 1 as the baseline.

	CMCC
	Agree with MTK that no necessary to capture it in spec.

	Huawei
	We suggest to use the condition of section 6.5 in TS38.171 as one side condition for Te_NTN requirements. Then the corresponding GNSS position accuracy can be assumed for deriving Te_NTN value.

	Ericsson
	We prefer to define the rrm time requirement from a total UE tx – sat – GW-gNB budget, This will in turn put implicit requirements on positioning.

	THALES
	Same comment as QC and MTK. It would be good to clarify the side condition in WF.

	CATT
	Support option 1.



Issue 2-2-3: GNSS accuracy assumption for timing requirements?
· Option 1: (CATT)
· Nominal accuracy of GNSS, i.e. 30m
· Option 2: (Apple, Xiaomi, Huawei, QC, MTK)
· 2-D position error is 50m as the baseline
· Option 3: (CMCC)
· Use 50m position error for worst-case and 20m as the typical case for GNSS position error assumption
· Option 4: (OPPO)
· 100m
· Option 4: (Ericsson)
· A UE specific margin on top of existing UE initial access requirement will correspond to a positioning error requirement of ±70 m for SCS = 15 kHz in UL to ±5 m for SCS = 120 kHz in UL. The feasibility of SCS = 120 kHz or higher has to be further investigated.
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	MTKXXX
	For UL SCS = 15 kHz and 30 kHz, fine with Option 2 (50 m). 
But for UL SCS = 60kHz in FR1 and 120kHz, it has to be further investigated.

	Apple
	Option 2 could be used as baseline, and FFS if any other GNSS accuracy assumption shall be added.

	Xiaomi
	Option 2

	Qualcomm
	For UL SCS of 15kHz nd 30kHz, we support Option 2.
For UL SCS of 60kHz in FR1, further discussion/investigation is necessary. 
For FR2, if RAN4 agrees to consider VSAT only (not handheld type devices) for the requirement development in Rel-17, we can consider further tightening GNSS accuracy assumption.

	LG
	Fine with option 2

	Intel
	Nominal is 15/30m. We also are open to understand the logic behind other values. 50m seems not enough for high SCS.

	CMCC
	To move forward, Option 2 can be a baseline for SCS 15kHz and 30kHz. 

	OPPO
	We can compromise to option 2.

	Huawei
	Support option 2.
The assumed GNSS positioning accuracy is related to the side condition. When the condition of section 6.5 in TS38.171 is used, the GNSS position error is 50 meters.

	Ericsson
	Option 5.

	THALES
	Option 2 for 15 & 30 kHz, but for higher SCS it most probably requires further investigation.

	CATT
	Nominal is 30m in 39.171. For higher SCS, we are open to further discuss.



Issue 2-2-4: Serving-satellite position estimation error?
· Option 1: (Apple, Huawei)
· Has same value as UE position estimation error in the Te_NTN requirement design.
· Option 2: (Xiaomi)
· The uncertainty of the serving-satellite ephemeris estimation depends on the periodicity of the ephemeris signaling which is under discussion in RAN1.
· Option 3: (MTK, Huawei)
· Serving-satellite position estimation error is inherent in the information provided by network and it should not be a UE requirement.
· Option 4: (QC)
· 5m of serving satellite’s position prediction error which can be achieved when the provided satellite ephemeris information is ideal and UE reads the system information not more frequently than 10sec
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
· The clarification of the meaning of Serving-satellite position estimation error is needed, whether it is UE estimation error or the inherent error in the ephemeris information from satellite itself.
	Company
	Comments

	MTKXXX
	If the error is  inherent in the Serving-satellite position ephemeris, than it should not be part of UE requirement as Te NTN and may lead to uncertainty of multiple Ts. If the error is due to UE self-estimate, assuming error-free format, then it can be considered as part of NTN Te.   

	Apple
	Option 1. 
From our view, in RAN4 requirement design, the serving-satellite position estimation error is mainly determined by the ephemeris calculation error. The ephemeris calculation error consists of two parts: error from calculation model used by UE and error due to outdated/inaccurate ephemeris information. We tend to assume that outdated/inaccurate ephemeris information could be avoided by network in requirement design, then the only remaining part is the error from calculation model used by UE. We assume same error level between error from calculation model and UE GNSS accuracy.

	Xiaomi
	Support option 4, as the UE GNSS accuracy is considered the uncertainty of the received GNSS signal and the calculation error. And in my understanding, the serving-satellite position estimation error is the calculation error by UE provided the ephemeris information is ideal.

	Qualcomm
	From requirement spec perspective, RAN4 should assume network provides an ideal ephemeris information, i.e. any error due to information compression loss and satellite position prediction inaccuracy from network side should not be taken into account in UE requirement. In other words, the serving-satellite position estimation error from UE side should take into account only the amount of error due to satellite position projection inaccuracy from UE side when UE is assumed to read the broadcasting information about the satellite ephemeris no more frequently than every 10sec. In our understanding, in this assumption, the error can be 5m. Note that it doesn’t necessarily mean UE should read the ephemeris information every 10sec.
Note that GNSS position estimation algorithm and PVT based satellite position prediction algorithm on UE are not the same, hence, different achievable accuracy.

	CMCC
	Currently, we prefer Option4 

	OPPO
	We are fine to discuss the satellite position error as the assumption to determine NTN Te and the same value of UE position error could be used. 
And the satellite position error should not be considered as UE requirements. The position error may contain the errors inherent in the ephemeris information from network and calculation error from UE. Even the error due to ephemeris information can be ignored, testing the calculation error is complicated since UE reporting of calculated satellite position may be required.

	Huawei	
	We support option 3.
The UE performs serving satellite position estimation based on the ephemeris information indicated by the network. The serving satellite position error depends mainly on the validation of the indicated ephemeris information and is less dependent on UE capability.

	Ericsson
	The Serving-satellite position can be predicted with fairly high accuracy, as shown in R4-2106360 MediaTek. Ericsson allocated a rather small error assuming a 10 second update frequency when deriving positioning accuracy in R4-2113523 Ericsson. The update frequency matters as pointed out in option 2. However, even if it is not an explicit UE requirement we need to agree how much of the total error budget allocated to Serving-satellite position estimation error.

	THALES
	Some clarification of the meaning of Serving-satellite position estimation error is indeed needed. It depends if is related to orbit determination or to TA,common information at UE side.

	Nokia
	Option 2.



Issue 2-2-5: The max tolerance for NTN UL timing?
· Option 1: (Apple)
· (CP – 8*64*Tc)/3 for FR1 and CP/5 for FR2.
· Option 2: (MTK)
· 0.5*CP for 15KHz and 30KHz.
· Option 3: (Ericsson)
· Allocate 10% (±5 %) of CP for UE position estimation error and Serving-satellite position estimation error in order to define a new Te requirement for NTN. The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.
· Recommended WF
· Companies are encouraged to provide their views on this issue. 
	Company
	Comments

	XXXMTK
	Agree with the feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.

Option 1 and Option 3 propose tolerant for different components. Option 1 proposes the cap as the legacy Te while Option 3 also considers other errors at BS such as TAC resolution, TAC adj. accuracy. 

For UL SCS = 15/30 kHz, Option 1 is also fine to us.
For UL SCS = 60/120 kHz, Option 1 barely provides error budget for UE position estimation error and Serving-satellite position, and it will need to be further investigated.

	Apple
	Option 1. Those caps are used for NW tolerance based on legacy Te design in TN. But agree with MTK, we are open to further discuss if this cap could be relaxed further in higher SCS cases (60/120kHz).

	Xiaomi
	In general, we are fine to allocate additional 10% (±5 %) of CP for UE position estimation error and Serving-satellite position estimation error based on legacy Te requirement.

	Qualcomm
	Agree with “The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.” In Option 3.

In theory, we believe the max tolerance can be up to CP/2 minus expected channel delay length which is 250ns for FR1 and close to 0ns for FR2. Here, the error should include all components such as the current Te, TAC resolution error, TA adjustment accuracy error, UE position estimation error, and satellite position prediction error. The timing drift corresponding to N_TA,offset shouldn’t be accounted for in the error because it will be the same as all UEs, i.e. no inter-user interference in the uplink due to N_TA,offset.

	CMCC
	Option 2 for 15kHz and 30kHz.
Agree with Ericsson that the feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz need FFS.

	OPPO
	We can support option 1 and option 2.

	Huawei
	Support option 2.
For option 3, we can agree to further investigate the feasibility of UL SCS=120kHz and the combination of UL SCS = 60kHz and SSB SCS =15kHz.

	Ericsson
	Option 3. 
We can also discuss the proposals in R4-2114420 Thales, since these equation work in principle:
“….Proposal 7: For PRACH transmission, the NR NTN UE shall be able to self-estimate  with an accuracy better than ± ,  depending on the PRACH format and configuration.
Proposal 8: In connected mode, the NR NTN UE shall be able to self-estimate   with an accuracy better than ±  depending on the numerology in use.
Proposal 9: For PRACH transmission, the NR NTN UE shall be able to self-estimate its  with an accuracy better than ± ,  depending on the PRACH format and configuration.
Proposal 10: In connected mode, the NR NTN UE shall be able to self-estimate its   with an accuracy better than ±  depending on the numerology in use.
Proposal 11: For PRACH transmission, the NR NTN UE shall be able to self-estimate  with an accuracy better than ± ,  depending on the PRACH format and configuration.
Proposal 12: In connected mode, the NR NTN UE shall be able to self-estimate  with an accuracy better than ±  depending on the numerology in use. …”

	THALES
	We confirm proposals in R4-2114420 could also work.

	CATT
	For 15kHz and 30kHz, option 2 is fine.



Issue 2-2-6: Initial transmit timing error (Te_NTN)
· Option 1: (Apple)
· The Te_NTN requirement shall be defined as, 
· FR1 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), (CP – 8*64*Tc)/3}
· FR2 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), CP/5 }.
	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
	

	2
	120
	60
	7.5*64*Tc
	min{(legacy Te + 20.48*64*Tc), CP/5 }

	
	
	120
	4*64*Tc
	

	
	240
	60
	7.5*64*Tc
	

	
	
	120
	4*64*Tc
	



· Option 2: (CMCC)
· The revisited Te requirement for NTN can take the following tables as the baseline. Further update the values in bracket squares after achieving the conclusions about GNSS accuracy and PVT accuracy.
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te (worst-case)

	1
	15
	15
	(12+[5])*64*Tc=[17]*64*Tc

	
	
	30
	[15]*64*Tc

	
	
	60
	[15]*64*Tc

	
	30
	15
	[13]*64*Tc

	
	
	30
	[13]*64*Tc

	
	
	60
	[12]*64*Tc

	2
	120
	60
	[8.5]*64*Tc

	
	
	120
	[8.5]*64*Tc

	
	240
	60
	[8]*64*Tc

	
	
	120
	[8]*64*Tc

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



	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te(typical-case)

	1
	15
	15
	(12+[2])*64*Tc=[14]*64*Tc

	
	
	30
	[12]*64*Tc

	
	
	60
	[12]*64*Tc

	
	30
	15
	[10]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[9]*64*Tc

	2
	120
	60
	[5.5]*64*Tc

	
	
	120
	[5.5]*64*Tc

	
	240
	60
	[5]*64*Tc

	
	
	120
	[5]*64*Tc

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



· Option 3: (Xiaomi)
· The Te requirement in NTN can be defined in table 2, where x is the uncertainty of the serving-satellite ephemeris estimation.
	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+x]*64*Tc
	[17+x]*64*Tc

	
	
	30
	10*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	60
	10*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	30
	15
	8*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	30
	8*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	60
	7*64*Tc
	[5+x]*64*Tc
	[12+x]*64*Tc

	2 
	120
	60
	3.5*64*Tc
	[5+x]*64*Tc
	[8.5+x]*64*Tc

	
	
	120
	3.5*64*Tc
	[5+x]*64*Tc
	[8.5+x]*64*Tc

	
	240
	60
	3*64*Tc
	[5+x]*64*Tc
	[8+x]*64*Tc

	
	
	120
	3*64*Tc
	[5+x]*64*Tc
	[8+x]*64*Tc



· Option 4: (Huawei)
· The UE initial transmit timing error Te_NTN for NTN network can be defined as (Te + 10Ts), where Te is as same as the existing Te requirements in TS38.133.
· Option 5: (QC)
· NTN UE initial timing error requirements shall be relaxed to account for at least 55m of a composite position estimation error with the following details:
· 50m of 2D UE position estimation error
· 10deg of the elevation angle to the satellite from UE
· 5m of serving satellite’s position prediction error which can be achieved when the provided satellite ephemeris information is ideal and UE reads the system information not more frequently than 10sec
· FFS on whether and how to accommodate timing drift on the feeder link
	Frequency Range
	SCS of SSB signals [kHz]
	SCS of uplink signals [kHz]
	Te [us]
	Ta (TAC resolution error) [us]
	Tb (TA adjustment accuracy) [us]
	Tg (guard time) [us]
	TUE-P [us]
	TST-P [us]
	T'’g [us]
	T'’g/Tcp [%]

	1
	15.00
	15.00
	0.39
	0.260417
	0.130208
	3.91
	0.328
	0.033
	3.54
	76%

	
	15.00
	30.00
	0.33
	0.130208
	0.130208
	1.76
	0.328
	0.033
	1.40
	60%

	
	15.00
	60.00
	0.33
	0.065104
	0.065104
	0.72
	0.328
	0.033
	0.35
	30%

	
	30.00
	15.00
	0.26
	0.260417
	0.130208
	4.04
	0.328
	0.033
	3.67
	78%

	
	30.00
	30.00
	0.26
	0.130208
	0.130208
	1.82
	0.328
	0.033
	1.46
	62%

	
	30.00
	60.00
	0.23
	0.065104
	0.065104
	0.81
	0.328
	0.033
	0.45
	39%

	2
	120.00
	60.00
	0.11
	0.065104
	0.065104
	0.93
	0.328
	0.033
	0.57
	48%

	
	120.00
	120.00
	0.11
	0.032552
	0.016276
	0.42
	0.328
	0.033
	0.06
	11%

	
	240.00
	60.00
	0.10
	0.065104
	0.065104
	0.94
	0.328
	0.033
	0.58
	50%

	
	240.00
	120.00
	0.10
	0.032552
	0.016276
	0.44
	0.328
	0.033
	0.08
	13%


(Note) TUE-P is an effective round trip timing error due to UE position estimation error when 50m of 2D UE position estimation error is assumed at 10deg of the elevation angle to the satellite from UE
(Note) TST-P is an effective round trip timing error due to satellite position estimation error when 5m of serving satellite’s position prediction error is assumed
(Note) Te is the current initial timing error requirement in us
(Note) T’g is an effective guard period, i.e. Tcp – Te – Ta – Tb – TUE-P – TST-P
(Note) Tcp is the CP length of respective SCSs of uplink signals
· Option 6: (THALES)
· RAN4 should consider the NTN UE initial transmit timing error requirements to be the same as the ones already specified for TN Ues
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	Suggest to focus on UL SCS = 15/30 kHz first. 
Fine with Option 1~5 for UL SCS = 15/30 kHz. 
For UL SCS = 60/120 kHz, smaller errors (vs. 15/30kHz) should be investigated. 

	Apple
	Option 1, we may conclude it based on the outcome of other issues in this topic.

	Xiaomi
	Depends on the conclusion of other issues.

	Qualcomm
	We’d also like to suggest focusing on UL SCS of 15kHz and 30kHz as mentioned in previous Issue items.
For UL SCS of 15kHz and 30kHz, we support Option 1 and Option 5. And we are okay with Option 4.
If UL SCS of 60kHz in FR2 is considered, we support Option 5. And we are okay with Option 4.

Just to provide Te_NTN values of Option 5 as presented by other options, please see below:
· (Note) 1 Ts = 64*Tc
· (Note) Te_NTN_limit is the upper bound of timing error budget which is derived as (Tcp/2 – 250ns) for FR1 and Tcp/2 for FR2 in Ts. Additional margin is not included.
· (Note) Additional margin is to accommodate “TAC resolution error” and “TA adjustment accuracy”. I.e., the effective total timing error budget.
· (Note) The assumed UE position estimation error (50m 2D position error and 10deg of elevation angle) and Satellite position prediction error (5m 3D prediction error) are multiplied by 2 for the derivation of Te_NTN to properly reflect the impact of distance estimation error on round trip delay estimation error.
	Frequency Range
	SCS of SSB signals [kHz]
	SCS of uplink signals [kHz]
	Current 
Te [Ts]
	Relaxation [Ts]
	Te_NTN [Ts]
(QC)
	Te_NTN_limit [Ts]
	Additional margin [Ts]

	1
	15.00
	15.00
	12
	11.11
	23.11
	64.32
	12

	
	15.00
	30.00
	10
	11.11
	21.11
	28.32
	8

	
	15.00
	60.00
	10
	11.11
	21.11
	10.32
	4

	
	30.00
	15.00
	8
	11.11
	19.11
	64.32
	12

	
	30.00
	30.00
	8
	11.11
	19.11
	28.32
	8

	
	30.00
	60.00
	7
	11.11
	18.11
	10.32
	4

	2
	120.00
	60.00
	3.5
	11.11
	14.61
	18.00
	4

	
	120.00
	120.00
	3.5
	11.11
	14.61
	9.00
	1.5

	
	240.00
	60.00
	3
	11.11
	14.11
	18.00
	4

	
	240.00
	120.00
	3
	11.11
	14.11
	9.00
	1.5




	CMCC
	This issue is highly related to issue 2-2-4 and 2-2-5, we can come back to this later,

	Huawei
	How to derive Te_NTN requirements depends on the conclusions on the above issues 2-2-1/2/3/4/5.
UE specific TA is assumed to be the satellite-UE RTT, which is equal to twice the propagation delay between serving satellite and the UE. If the propagation delay estimation error is ΔTprop, then the UE specific TA estimation error shall be 2ΔTprop. 50m GNSS position error would bring 5Ts propagation delay estimation error. Then, the UE specific TA estimation error due to GNSS inaccuracy shall be 10Ts.

	Ericsson
	In clear text Ericsson’s proposal becomes;


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

	1
	15
	15
	12*64*Tc
	19.2*64*Tc

	
	
	30
	10*64*Tc
	13.6*64*Tc

	
	
	60
	10*64*Tc
	11.8*64*Tc

	
	30
	15
	8*64*Tc
	15.2*64*Tc

	
	
	30
	8*64*Tc
	11.6*64*Tc

	
	
	60
	7*64*Tc
	8.8*64*Tc

	2
	120
	60
	3.5*64*Tc
	5.3*64*Tc

	
	
	120
	3.5*64*Tc
	4.4*64*Tc

	
	240
	60
	3*64*Tc
	4.8*64*Tc

	
	
	120
	3*64*Tc
	3.9*64*Tc




	THALES
	Option 6

	CATT
	Depends on outcome of other open issues. Discuss it when achieve agreement on other issues.



Issue 2-2-7: Reference timing for UE initial transmission.
· Option 1: (CATT, Apple)
· Follow the legacy NR definition
· Option 2: (CMCC)
· The reference timing for UE initial transmission should be revisited considering the following factors:
· TA definition in NTN 
· NTA,UE-specific means the ideal service link TA in reference timing definition
· The reference point definition update in TN
· Option 3: (THALES)
· 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.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	Support Option 3. 
Option 2 seems not include N_TA_offset, as defined in legacy. 
Option 1 seems not include N_TA, common and N_TA_UE-specific (ideal). 
It would also need to clarify the definition of , e.g. (2 x  propagation delay / c) of service link.

	Apple
	Support option 3a:
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .
In option 1, what we meant to clarify is whether to use “first detected path” or “first detectable path”, and our proposal is: in NTN discussion we’d better to refer to the current definition unless it’s revised from other WI.

	Xiaomi
	Fine with option 3a proposed by Apple:
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .

	Qualcomm
	Support Option 3a. We don’t agree with “Therefore, the UE transmit timing error requirement does not cover the self-TA estimation errors” in Option 3.
As we mentioned in Issue 2-2-1, we’re okay with what is suggested by MTK. However, it would be better to say “distance based round trip delay” rather than “2 x propagation delay” because the propagation delay may also include other components on top of the round trip distance.

	CMCC
	We support the Option 3a proposed by Apple. Besides, a note about the definition ofis needed. We propose as follows:
Option 3a:
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .
· the definition of is (2 x  propagation delay / Tc) 
Regarding the reference point definition update, we can follow Apple’s suggestion that refer to the current definition unless it’s revised from other WI.

	OPPO
	Support option 3a proposed by Apple and the ideal   is the RTT for ideal service link as proposed by CMCC.

	Huawei
	Support option 1
The reference point is defined as the downlink timing of the reference cell minus (NTA + NTA,UE-specific + NTA,common +NTA,offset).

	Ericsson
	Fine with option 3a proposed by Apple:
The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .

	THALES
	Fine with Option 3.
Fine with Option 3a: “The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .”

	CATT
	We support the option 3a. In option 1, our initial idea is detectable first path of UE received DL timing.



Issue 2-2-8: The principle for gradual timing adjustment requirement.
· Option 1: (Apple)
· the design principle for gradual timing adjustment requirement is:

· Option 2: (QC)
· NTN UE gradual timing adjustment requirement shall be updated to follow the current test purpose which is to verify how UE reflects the estimated DL frame boundary drift to UL transmit timing, i.e. UE autonomous TA adjustment due to updates of UE position estimation, 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.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	On Option 1, for LEO, not sure UL performance will be ok with this big timing jump. 
On Option 2, the delay drift will also impact on UE autonomous TA adjustment.  Unclear how to decuple DL frame boundary drift and the change of UE autonomous TA adjustment.

	Apple
	Option 1, three parts needs to be considered during Tp/Tq design:
1. Time drifting within Xms (legacy NR we have 200ms for Tp and 1 second for Tq) with 0.1ppm (Ttime_drift)
2. Delay variation due to UE-satellite relative position (TR38.821 section 7.1-1) (Tdelay_variation)
3. Digital RF margin, i.e., 1.5*64*Tc (digRF_margin)


	Xiaomi
	Fine with option 1

	Qualcomm
	In our understanding, it should be a common understanding that the timing change/drift due to UE/satellite position change and N_TA,common shall be reflected into the gradual timing adjustment requirement. There can be two ways for that.
(1) relax the requirement accordingly to accommodate the timing change/drift => close to the principle of Option 1
(2) change the definition of reference timing and keep the current requirement => Option 2
Between (1) and (2), we don’t have a strong position because to us it looks just a matter of how to reflect the timing change/drift into the requirement spec.
If (1) is adopted as a principle, i.e. updating Tq, Tp, and/or the rate (1sec and 200ms for Tp and Tq), the same amount of relaxation should not be applied to all types of scenarios. In other words, the relaxation for LEO at 600km should not be allowed for GEO.

	Intel
	Agree with Qualcomm colleague on the matter. We think (1) in his comments is better from all aspects.

	CMCC
	Option 1 can be the starting point, the adjustment period (200ms for Tp and 1 second for Tq) should be further considered.

	Ericsson
	Option 2.

	THALES
	Agree with Qualcomm, Option 1 or Option 2.




Issue 2-2-9: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO.
· Option 1: (Apple, Xiaomi)
· Yes, RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, LEO and FFS on MEO.
· Option 2: (CATT, Intel, Huawei)
· No, define same gradual timing adjustment requirements for different NTN topologies.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	It should firstly discuss whether gradual timing adjustment requirements is necessary for LEO. 

	Apple
	Option 1.
Up to the discussion on issue 2-2-8 for Tq_NTN design principle. If the delay variation is considered, then we shall differentiate gradual timing adjustment requirements for different NTN topologies.

	Xiaomi
	Option 1, as the delay variation is different for different NTN topologies, thus, the gradual timing adjustment requirements should be different.

	Qualcomm
	Option 1. 
The same comment as Issue 2-2-8. Otherwise, the purpose of the requirement won’t be compliant with the original purpose which is to verify how UE reflects the estimated DL frame boundary drift to UL transmit timing.

	CMCC
	Option 2. We think UEs work under single topology is not common.

	OPPO
	Support option 2.

	Huawei
	Prefer option 2.
Option 1 requires UE to distinguish which topology is used and additional UE complexity is introduced.

	THALES
	Option 1.

	Nokia
	Option 1.



Issue 2-2-10: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: (QC)
· Yes
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	MTKXXX
	Need more discussion. We should clarify the UE behavior first, e.g. in opposite direction. Not very clear whether gradual timing adjustment requirements is useful for LEO or not.

	Apple
	Need FFS, not sure if this feeder link time drift has already been counted in the time drifting with 0.1ppm.

	Xiaomi
	Some further clarification on the feeder link time drift is needed.

	Qualcomm
	What we meant to say with Option 1 was N_TA,common should also be taken into account in the requirement, if it is broadcasted and not equal to ‘0’. UE will just follow what is broadcasted by network.

	CMCC
	Need further discussion.

	Huawei
	No.
The gradual timing adjustment requirements depend on downlink timing drift and UE specific TA updating. According to RAN1 agreements, the feeder link (gNB-satellite) RTT can be assumed as the sum of NTA,common and K_mac. Both of them are indicated by network. Hence, how to define the gradual timing adjustment requirements are focused on the serving link time drift.

	Ericsson
	Option 1. 

	THALES
	Needs more discussion. Agree with Option 1 after clarification from Qualcomm.

	CATT
	FFS

	Nokia
	Option 1.



Issue 2-2-11: UE behaviour for gradual timing adjustment for NTN UE?
· Option 1: (FGI, Asia Pacific Telecom, III, ITRI)
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: (Apple, CMCC)
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Option 3: (MTK)
· In NTN, gradual timing adjustment behaviour can be replaced by UE pre-compensation, which can be captured by the timing error limit Te,NTN.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	Option 2 and Option 3 are similar, timing drifting and UE specific TA change are combined as one adjustment. 

	Apple
	Option 2.

	Xiaomi
	Some clarification on UE specific TA change is needed, if it means the UE specific TA estimation error, then option 2 is supported. And if it means the UE specific TA update, then option 1 is supported.

	Qualcomm
	In principle, support Option 2. However, that should not mean something beyond the assumption for the requirement development work, i.e. the exact UE behavior is up to UE implementation.

	Intel
	Further clarification is needed how the difference between option 1 and option 2 has impact on the requirements. I think option 1 is OK but it only means we have consider both behaviours in defining the requirements. How to interpretate ‘one adjustment’ in option 2?

	CMCC
	Option 2.

	Huawei
	Either option 1 or option 2 is acceptable for us.

	Ericsson
	Option 1, separately, as per legacy TN procedures.

	THALES
	Option 2



Issue 2-2-12: Whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: (Apple, CMCC)
· Yes
· RAN4 sends LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO (Apple)
· Option 2: (CATT)
· No.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	Open to discuss. Not very clear the necessity to capture maximum delay variation in the spec. 

	Apple
	Up to the discussion on issue 2-2-8 for Tq_NTN design principle. If delay variation is needed, then we need to figure out the exact value for delay variation under different NTN topologies.

	Xiaomi
	Option 1, In my understanding, the delay variation will cause the downlink timing drift, thus, it should be accounted in gradual timing adjustment.

	Qualcomm
	RAN4 can work on the requirements by using a formular that includes all those parameters. The exact value can be further determined later based on RAN1, RAN2, and/or inputs from expected deployment scenarios.

	CMCC
	Option 1. We are not sure whether the LS is needed, and whether need to differentiate different topologies.

	THALES
	For further discussion



Issue 2-2-13: The gradual timing adjustment requirement
· Option 1: (CATT)
· TN gradual timing adjustment requirements can be reused for NTN network.
· Option 2: (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

	2
	60
	26.5*64*Tc
	26.5*64*Tc

	
	120
	26.5*64*Tc
	26.5*64*Tc

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


· Option 3: (FGI, Asia Pacific Telecom, III, ITRI)
· The maximum aggregate adjustment rate could be Tq_NTN =  per 200ms
· Option 4: (CMCC)
· In FR1, The maximum aggregate adjustment rate shall be Tq per Xms, Tq value use [255/200*X]*64*Tc as the baseline, a candidate set of X can be [50ms, 40ms, 20ms], the specific value can be further discussed.
· Option 5: (Xiaomi)
· 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 6: (Ericsson)
· The parameter Tq will have to be modified. For a period of 200 ms we could have a worst case delay variation of 246 * 64 Tc.
· Either the period has to be shortened from 200 ms to something smaller, or we need to increase Tq.
· Option 7: (Huawei)
· It is suggested that the value of Tq in gradual timing adjustment requirements for NTN can be derived based on the larger value between the magnitude of downlink timing drift and the magnitude of UE specific TA change.
· It is suggested that the gradual timing adjustment requirements for NTN can be derived based on the maximum propagation delay variation on LEO scenario.
· Recommended WF
· Companies are encouraged to provide the views on this issue. 
	Company
	Comments

	XXXMTK
	Option 2/3/4 will lead to around 50 times value vs. the legacy gradually timing adj. requirement, it is a big gap. 
Not clear whether gNB/satellite can follow this big timing jump. 
Besides, different behaviors between legacy gradually timing adj. and the UE specific TA to handle the timing drifting
-	DL delay increases T,  with legacy gradually timing adj., UE transmits UL by delaying T
-	DL delay increases T, with the UE specific TA, UE transmits UL by  2*T in advance.
Thus, it is not suitable to reuse the framework of the legacy gradually timing adj. requirement.

	Apple 
	Need to conclude on issue 2-2-8 first for principle.

	Xiaomi
	Need to conclude on issue 2-2-8 first for principle.

	Qualcomm
	We agree that it is up to the conclusion on Issue 2-2-8. But assuming, RAN4 will change the values in the current requirement, we suggest the group starts detailed discussion from Option 2 with the following updates:
Option 2a:
· 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 [X]ms
· X can be different for different types of satellites, altitude, etc, e.g. 100 for LEO at 600km
· 3) The maximum aggregate adjustment rate shall be Tq_NTN per [Y]ms.
· Y can be different for different types of satellites, altitude, etc, e.g. 20 for LEO at 600km
· (Note) Z1-Z5 can be different for different types of satellites, altitude, etc
· (Note) FFS on whether all SCS will be supported.
	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

	2
	60
	[Z4]*64*Tc
	[Z4]*64*Tc

	
	120
	[Z5]*64*Tc
	[Z5]*64*Tc

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




	CMCC
	Option2/4/5 have similar logic and different values about Tp/Tq. We agree with this logic and can further discuss the values.

	Ericsson
	Need to conclude on issue 2-2-8 first for principle.

	THALES
	Needs further discussion.



Issue 2-2-14: For GEO scenarios, whether the existing TN gradual timing adjustment requirement can be applied
· Option 1: (Apple, CATT, Xiaomi)
· Yes
· Option 2: ()
· FFS
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXApple 
	Option 1.

	Xiaomi
	Support option 1

	Qualcomm
	Although we support Option 1, we would like to have a discussion in a generic framework like Option 2a that is suggested in out comment on Issue 2-2-13. For example, X= 1000, Y=200, Z1-Z5 are the same as the current requirements. If N_TA,common is broadcasted and none-zero, X, Y, and Z1-Z5 can be relaxed accordingly.

	CMCC
	This issue is similar with Issue 2-2-9, we think we should first conclude whether we need to define different requirements for different topologies.

	OPPO
	Agree with CMCC. Obviously, the current gradual timing requirements are not appropriate for LEO scenario. If the same requirement is used for different NTN topologies, the requirements for the worst case, i.e. LEO scenario, should be used.

	Huawei
	Option 2.
The existing TN gradual timing adjustment requirements are derived based on the assumption of 0.1ppm frequency error, up to 250km/h UE speed. However, 1200km/h UE speed need to be considered for GEO scenarios. Besides, UE specific TA estimation is introduced for NTN network which is not applied for TN network.

	THALES
	Option 1 or Option 2



Issue 2-2-15: The direction of timing adjustment for NTN UE pre-compensation.
· Option 1: (MTK)
· The timing adjustment of NTN UE pre-compensation and legacy gradual timing adjustment are in opposite directions.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	Agree with Option 1, as commented in Issue 2-2-13.

	Apple
	Fine with option 1, but how can we reflect it in the spec.

	Xiaomi
	Fine with option 1

	Qualcomm
	Option 1 is what is defined in RAN1 agreement as the naming “pre-compensation” implies, i.e. no need to make an agreement for this in RAN4.

	CMCC
	Based on our understanding, there are also two adjust directions in legacy adjustment, since UE should adjust its timing when the reference timing exceed ±Te
Hence, we propose:
Option 2: The NTN UE timing adjustment behavior is same with the TN UE timing adjustment behavior.

	Huawei
	Support option 1.
For TN network, the direction of gradual timing adjustment is same as the direction of propagation delay drifting. For NTN network, the direction of timing compensation based on UE specific TA is opposite with the direction of propagation delay drifting.

	Ericsson
	Option 1.

	THALES
	Option 1.



TA adjustment accuracy requirements
Issue 2-3-21: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement?
· Option 1: (CATT, Xiaomi)
· Yes
· The TA adjustment accuracy should consider all these inaccuracy of the received TA command adjustment () and UE specific TA estimation between the TA signaled by the network at slot n and the UL timing adjustment at slot n+k+1. (Xiaomi)
· Option 2: (Apple)
· No
· Option 3: (QC)
· 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. 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). And satellite ephemeris information is broadcasted assuming its position is fixed and timing drift on feeder is assumed zero for the core requirements and tests.
· Option 4: (ZTE)
· Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement depends on RAN1’s design
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	It should not be accounted in our view, because it is already counted in NTN Te. And in the NTN Te test, it can set N_TA =0.

	Apple
	Option 2. The TA adjustment accuracy based on accumulative TA command is the requirement to verify how accurate UE can follow the TA command for timing adjustment. So, we don’t think this requirement is relevant with the UE position and satellite position error.

	Xiaomi
	Question for clarification, in NTN, both closed and open loop is supported, and the new TA =，if only  is updated, whether the TA adjustment accuracy should be applied for these case?

	Qualcomm
	In ideal scenario, Option 2 makes sense. However, in reality, UE keeps running open-loop TA pre-compensation on top of close-loop one. In other words, when UE updates TA in response to TA Command (N_TA), the UE also may additionally apply what is estimated based on open-loop control that includes GNSS based UE position estimation, ephemeris based satellite’s position prediction, and broadcasted N_TA,common. Here, we can assume the latter two can be negligible and set to ‘zero’ while the first component may not be assumed so.
With the understanding above, we support Option 3.

	OPPO
	For TN, our understanding is that gradual timing adjustment is not performed with k slots delay for TAC adjustment and the TAC adjustment accuracy is the relative accuracy before and after TAC is applied by the UE.
For NTN, we have the same question as Xiaomi, whether UE specific TA is allowed to be updated within the k slots delay for TAC adjustment. If not, then option 2 can be supported from our side.

	Huawei
	Support option 2.
UE specific TA estimation error includes the UE position and satellite position estimation errors, which are accounted into Te requirements. If the UE position and satellite position estimation errors were accounted into TA accuracy requirements, then these errors are counted duplicate.

	Ericsson
	Option 2, No. TA adjustment accuracy is a characteristics of the UE.

	THALES
	Option 2 or Option 3, but we prefer Option 3.



Issue 2-3-2: Application time of TA adjustment
· Option 1: (QC)
· Application time of TA adjustment upon TAC shall be updated to incorporate the newly introduced K_offset and K_mac parameters.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXMTK
	Agree with Option 1. 

	Apple
	Fine with option 1.

	Xiaomi
	Fine with option 1

	Qualcomm
	[bookmark: _Hlk80098098]Option 1.
That should be straightforward changes in accordance with RAN1 agreements.

	LG
	Fine with option 1

	CMCC
	Fine with Option 1.

	ZTE
	Option 1.

	THALES
	Agree with Option 1, in line with RAN1 agreements.



Issue 2-3-3: TA adjustment accuracy requirement in RRC_CONNECTED mode 
· Option 1: (Apple, ZTE, Ericsson, Huawei)
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 2: (CATT)
· 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, otherwistherwise plus delay error related with nominal accuracy of GNSS, i.e. 30m.
· Option 3: (CMCC)
· Further evaluate the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command.
· Option 4: (Xiaomi, LGE)
· RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN
· Recommended WF
· Companies are encouraged to provide the views on TA adjustment accuracy requirement in RRC_CONNECTED mode.
	Company
	Comments

	XXXApple 
	Option 1.

	Xiaomi
	Depends on the conclusion of issue 2-3-1

	Qualcomm
	Depending on the conclusion of Issue 2-3-1, RAN4 may have to add a margin to the existing requirement, e.g. [X]% of the effective UE position estimation error. Here, the effective UE position estimation error comprises of GNSS based UE position estimation error and ephemeris based satellite position prediction error.

	LG
	Depending on the accuracy of GNSS, overall T_TA is unstable. So, relaxed TA adjustment accuracy requirement should be considered.

	CMCC
	Depends on the conclusion of issue 2-3-1

	ZTE
	Option 1.

	Ericsson
	Option 1.

	THALES
	Agree with Xiaomi, Qualcomm and CMCC.

	Nokia
	Option 1.



Issue 2-3-4: UE behaviour before applying timing advance adjustment for its uplink transmission.
· Option 1: (CATT)
· T1: Downlink reception timing is TDL1;  Timing advance signaled is TTA1 = NTA1×Tc;  UE specific TA is TTA, UE-specific1 = NTA,UE-specific1×Tc;  The UE transming timing is Ttiming1
· T2: Downlink reception timing is TDL2;  Timing advance signaled is TTA2 = NTA2×Tc;  UE specific TA is TTA, UE-specific2 = NTA,UE-specific2×Tc
· 	UE will set it’s transming timing to Ttiming2 = Ttiming1+ (TTA2 – TTA1) + (TTA, UE-specific2 – TTA, UE-specific1) / 2
· 	If Ttiming2 ≠ TDL2 + (NTA2 + NTA,UE-specific2 + NTA,Common + NTA_offset)×Tc, UE will use rule of gradual timing adjustment to adjust transmit timing.
· Option 2: (LGE)
· UE specific TA should be updated in the slot before applying timing advance adjustment for its uplink transmission
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXApple
	Need FFS, the UE specific TA updating is up to UE implementation, and accumulated TA command is applied on the last uplink Tx timing, we don’t understand why we need to define such UE behavior in this issue.

	Xiaomi
	FFS

	Qualcomm
	Up to UE implementation. The issue may also be related to the conclusion of Issue 2-3-5.

	LG
	The impact of other TA values, especially UE specific TA, on T_TA should be minimized so that it does not affect the network’s N_TA control. Since UE specific TA is based on UE and satellite position, it should be updated before applying TA adjustment.

	CMCC
	Need FFS

	ZTE
	Up to UE implementation.

	Huawei
	The calculation of NTA and NTA,Common is up to RAN1 decision. How to update the value of NTA,UE-specific is up to UE implementation.

	THALES
	Should be UE implementation.



Issue 2-3-5: Open and closed loop for TA adjustment.
· Option 1: (Nokia)
· RAN4 to set requirements on how open loop TA control in RRC connected mode should be applied in a way that does not impact the closed loop TA control messages and fulfilling the required accuracies. 
· Option 2: (QC)
· RAN4 to investigate an issue due to a conflict between closed-loop and open-loop TA compensation. If identified, send an LS to RAN1 and/or discuss how to resolve the issue in RAN4. Depending on the solution on how to resolve the issue, TA adjustment accuracy requirement can be modified accordingly.
· Recommended WF
· Companies are encouraged to provide the views on this issue.
	Company
	Comments

	XXXApple
	Need more discussion on the justification on specifying the impact from open loop TA control to close loop TA control. Not sure if that could be left to UE implementation as long as UE can meet the Te/Tp/Tq requirement and TA adjustment requirement. 

	Xiaomi
	FFS

	Qualcomm
	Both Option 1 and Option 2 are, in our understanding, referring to the same issue basically.
A distinctive issue in NTN is a potential conflict between close-loop and open-loop TA compensation, e.g., a UE calculates its open-loop TA based on a fresh GNSS fix, then the closed-loop TA control takes over to compensate for the timing error caused by the aging of GNSS fix, and next a new GNSS fix eliminates the timing error that the closed-loop TA control has compensated for, which may lead to unexpected double-correction, thereby making the TA applied to subsequence UL transmissions oscillate unstably. The relevant details and simulation results are presented in our companion paper R1-2107342.
The figure below is excerpted from the section of “3. Open and Closed Loop Timing Control” in R1-2107342.
[image: ]
Figure 1 Timing error for the ‘north-south’ scenario: (1) simple addition of the open-loop TA and the closed-loop TA (blue line), (2) resetting the accumulative closed-loop TA at the time of completing a GNSS fix (red line), and (3) using the initial GNSS without updating (green line).


	CMCC
	Need FFS

	Huawei
	Need FFS

	Ericsson
	This is a RAN1 issue.

	THALES
	Both Option 1 and Option 2 seems to refer to same issue.



Reply LS for the incoming LS (R1-2102263) 
RAN1 sent the LS (R1-2102263) to ask RAN4 to provide feedback on NTN UL time and frequency sychronization requirements. 
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: What are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
According to the chairman’s guidance, Q1, Q2 will be treated in RRM session and RF session separately.  
Issue 2-4-1: What are the NTN UL time synchronization requirements? 
· Option 1: (CATT)
· RAN4 would like to thank RAN1 for the LS on NTN UL time and frequency synchronization requirements. In last RAN4 meeting, a response LS has sent to RAN1 for NTN UL frequency synchronization requirement and concluded the requirement will be ±0.1ppm. RAN4 further investigated time synchronization requirements and would like to give the following response.
· The UE initial transmit timing error need to be relaxed compared to NR requirement in 38.133 based on Te in TN specification. The relaxation is determined by NTN UE specific time advance estimation accuracy and the NTN UE specific time advance estimation accuracy, and will be [100ns].
· Option 2: (Xiaomi)
· The UL time synchronization requirements for NTN will be specified in RAN4 are summarized as follows: 
· Initial access 
· Initial transmit timing error requirement (Te), which is specified in the following table 1.
	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+x]*64*Tc
	[17+x]*64*Tc

	
	
	30
	10*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	60
	10*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	30
	15
	8*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	30
	8*64*Tc
	[5+x]*64*Tc
	[15+x]*64*Tc

	
	
	60
	7*64*Tc
	[5+x]*64*Tc
	[12+x]*64*Tc

	2 
	120
	60
	3.5*64*Tc
	[5+x]*64*Tc
	[8.5+x]*64*Tc

	
	
	120
	3.5*64*Tc
	[5+x]*64*Tc
	[8.5+x]*64*Tc

	
	240
	60
	3*64*Tc
	[5+x]*64*Tc
	[8+x]*64*Tc

	
	
	120
	3*64*Tc
	[5+x]*64*Tc
	[8+x]*64*Tc


Table 1: Te requirement for NR NTN
· UL transmissions in RRC_CONNECTED state
· Initial transmit timing error requirement (Te), which is specified in above table 1.
· Gradual timing adjustment for 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.
· Gradual timing adjustment for GEO scenario
· The existing timing adjustment rules and requirements defined in section 7.1.2 TS38.133 can be applied.
· TA adjustment accuracy requirement, which is consist of the following parts:
· Received TA command adjustment accuracy
· Estimated UE specific TA adjustment accuracy
· Received Common TA adjustment accuracy
· Option 3: (Ericsson)
· For initial access (i.e. PRACH transmission): An NTN UE will have an initial access error of existing ±(Te + 5% of CP), for SCS < 120 KHz. The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.
· For UL transmissions in RRC Connected State): An NTN UE will have an additional timing error of ±5% of CP, for SCS < 120 kHz, compared to a legacy non-NTN UE. The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.
· Recommended WF
· Pending on the conclusion on sub-topic 3.2.1, 3.2.2 and 3.2.3.
· According to the discussion in R1-2106290, RAN1 needs the feedback on timing synchronization requirements to make the further progress. As moderator, it is suggested to prepare the response LS to RAN1. 
	Company
	Comments

	XXXApple
	Up to the conclusion from issue 2-2-6 and issue 2-2-13.

	Xiaomi
	Prefer to send out the reply LS in this meeting, the content of this reply LS depends on the couclusion of other topics.

	Qualcomm
	Up to the conclusion of the previous Issue items.

	Ericsson
	Up to the conclusion from issue 2-2-6 and issue 2-2-13.

	THALES
	LS reply in this meeting if possible



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 a separate accuracy requirement for UE specific TA estimation?
	
	Status summary 

	Issue 2-1-1
	· Option 1: (THALES)
· Yes
· Option 2 : (CATT, Apple, CMCC, Xiaomi, LGE, OPPO, MTK, QC, ZTE, Huawei, Nokia, Intel)
· No
After 1st round discussion, 1 companies support option 1 and 11 companies support option 2. Since this issue has been discussed for 3 meetings, and majority companies still support not to define a separate accuracy requirement for UE specific TA estimation.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 
· The tentative agreement is agreeable or not:
· Not define a separate accuracy requirement for UE specific TA estimation



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

	Issue 2-1-2
	· Option 1: (Intel, LG, Nokia)
· Yes
· Option 2: (CATT, Apple, MTK, Xiaomi, QC, OPPO, Huawei, THALES)
· No
· Option 3: (Xiaomi, LG, OPPO, Ericsson)
· Depends on RAN1’s conclusion
After 1st round discussion, 3 companies support option 1, 8 companies support option 2 and 4 companies support option 3. 
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



Issue 2-1-3: UE behaviour related to UE specific TA estimation
	
	Status summary 

	Issue 2-1-3
	· Option 1: (CATT, Apple, Xiaomi, Intel, CMCC, OPPO, ZTE, Huawei, CATT, Nokia)
· No need to define UE behaviour for UE specific TA estimation as a requirement.
· Option 2: (LGE)
· Consider to define the behavior for UE specific TA update.
· Option 3: (THALES, Ericsson)
· Specify UE behavior related to the combination of UE specific TA estimation () and self-estimated TA common ().
After 1st round discussion, 10 companies support option 1, 1 companies support option 2 and 2 companies support option 3. And 2 companies need some clarification on the UE behavior to be specified.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



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

	Issue 2-1-4
	· Option 1: (LGE)
· RAN4 should assume that the valid ephemeris information is guaranteed for the UE transmit timing requirement test. (MTK, Apple, Xiaomi, Samsung, Huawei, Ericsson, THALES)
· RAN4 needs further discussion when the ephemeris information is invalid or expired on the UE side.
After 1st round discussion, 7 companies support the 1st bullet of option 1, 2 companies need more clarification on option1, and 1 company think it is out of RAN4 work.
Recommendations for 2nd round:
· Continue the discussion in the 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: (THALES, Ericsson, Nokia)
· Yes.
· Option 2: (CATT, Apple, CMCC, Xiaomi, OPPO, MTK, QC, LG. ZTE, Huawei)
· No.
After 1st round discussion, 3 companies support option 1 and 10 companies support option 2. This issue has been discussed for 3 meetings, and majority companies still support not to define a separate accuracy requirement for self-estimated TA common (NTA,common).
Recommendations for 2nd round:
· Continue the discussion in the 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: (THALES, Ericsson)
· Yes.
· Option 2: (CATT, Apple, CMCC, Xiaomi, OPPO, MTK, QC, LG. ZTE, Huawei)
· No.
After 1st round discussion, 2 companies support option 1 and 10 companies support option 2. This issue has been discussed for 3 meetings, and majority companies still support not to define a separate accuracy requirement for the combination of NTA_UE-specific +NTA,common.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



UE transmit timing requirements
Issue 2-2-1: The composites should be considered for initial transmit timing requirement in NTN (Te_NTN).
	
	Status summary 

	Issue 2-2-1
	· Option 1 : (CATT, Apple, CMCC, Xiaomi, LGE, OPPO, QC)
· UE position estimation error
· Serving-satellite position estimation error
· The current UE transmit timing error requirement defined in TS38.133
· Option 2: (MTK)
· Legacy Te
· UE specific TA estimation error (without ephemeris uncertainty nor GNSS inaccuracy)
· The GNSS accuracy and serving-satellite position estimation error can be considered as the assumption when defining the requirement of Te,NTN.
· Option 3: (THALES)
· The accuracy of UE specific TA estimation (N_(TA,UE-specific)) and self-estimated TA common (N_(TA,common)) is counted into the UE transmit timing error requirement.
Agreement in GTW ession:
· Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Note: Te_GNSS shall include the total RTT error
· FFS how to derive Te_GNSS from the GNSS positioning accuracy
· Te_SAT is the serving-satellite position estimation error
· Note: Te_SAT shall include the total RTT error
· FFS if the equation shall be included into the specification or only Te_NTN values shall be included
Recommendations for 2nd round:
· Continue the discussion on the remaining issues in the 2nd round. 



Issue 2-2-2: The side condition for Te_NTN requirement.
	
	Status summary 

	Issue 2-2-2
	· Option 1: (Xiaomi, Intel, CATT)
· 2-D position error defined in TS38.171
· Option 2: (MTK)
· The GNSS accuracy and serving-satellite position estimation error
· Option 3 (Apple):
· RAN4 to choose one GNSS positioning accuracy from TS38.171 as a general side condition for NTN RRM requirement design.
After the 1st round discussion, majority companies are fine to use one of condition defined in TS38.171 as the side condition for Te requirement in NTN, and 4 companies suggest the side condition should be clarified in WF, but no necessary to capture in in spec. 
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



Issue 2-2-3: GNSS accuracy assumption for timing requirements?
	
	Status summary 

	Issue 2-2-3
	· Option 1: (CATT)
· Nominal accuracy of GNSS, i.e. 30m
· Option 2: (Apple, Xiaomi, Huawei, QC, MTK, LG, CMCC, OPPO, THALES)
· 2-D position error is 50m as the baseline
· Option 3: (CMCC)
· Use 50m position error for worst-case and 20m as the typical case for GNSS position error assumption
· Option 4: (OPPO)
· 100m
· Option 4: (Ericsson)
· A UE specific margin on top of existing UE initial access requirement will correspond to a positioning error requirement of ±70 m for SCS = 15 kHz in UL to ±5 m for SCS = 120 kHz in UL. The feasibility of SCS = 120 kHz or higher has to be further investigated.
Agreement in GTW ession:
· GNSS accuracy assumption for timing requirements
· For UL SCS = 15 kHz and 30 kHz: 2-D position error is 50m
· For UL SCS = 60kHz in FR1: FFS
Recommendations for 2nd round:
· Continue the discussion on the remaining issues in the 2nd round. 



Issue 2-2-4: Serving-satellite position estimation error?
	
	Status summary 

	Issue 2-2-4
	· Option 1: (Apple)
· Has same value as UE position estimation error in the Te_NTN requirement design.
· Option 2: (Xiaomi, Nokia)
· The uncertainty of the serving-satellite ephemeris estimation depends on the periodicity of the ephemeris signaling which is under discussion in RAN1.
· Option 3: (MTK, Huawei)
· Serving-satellite position estimation error is inherent in the information provided by network and it should not be a UE requirement.
· Option 4: (QC, Xiaomi, CMCC)
· 5m of serving satellite’s position prediction error which can be achieved when the provided satellite ephemeris information is ideal and UE reads the system information not more frequently than 10sec
After the 1st round discussion, companies has different understanding on the meaning of serving-satellite position estimation error. 
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 
· Option 1: Te_SAT is the error from calculation model used by UE side
· Option 2: Te_SAT is error due to outdated/inaccurate ephemeris information
· Option 3: The error in both option 1 and option 2 should be accounted in Te_SAT.



Issue 2-2-5: The max tolerance for NTN UL timing?
	
	Status summary 

	Issue 2-2-5
	· Option 1: (Apple, OPPO)
· (CP – 8*64*Tc)/3 for FR1 and CP/5 for FR2.
· Option 2: (MTK, CMCC, OPPO, Huawei, CATT)
· 0.5*CP for 15KHz and 30KHz.
· Option 3: (Ericsson, Xiaomi)
· Allocate 10% (±5 %) of CP for UE position estimation error and Serving-satellite position estimation error in order to define a new Te requirement for NTN. The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.
After the 1st round discussion, 5 companies are fine with option 2. 
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



Issue 2-2-6: Initial transmit timing error (Te_NTN)
	
	Status summary 

	Issue 2-2-6
	After the 1st round discussion, majority companies think this issue depends on the outcome of other issues, and 2 companies propose to focus on UL SCS = 15/30 kHz first.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round.



Issue 2-2-7: Reference timing for UE initial transmission.
	
	Status summary 

	Issue 2-2-7
	· Option 1: (CATT, Apple, Huawei)
· Follow the legacy NR definition
· Option 2: (CMCC)
· The reference timing for UE initial transmission should be revisited considering the following factors:
· TA definition in NTN 
· NTA,UE-specific means the ideal service link TA in reference timing definition
· The reference point definition update in TN
· Option 3: (THALES, MTK)
· 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.
· option 3a: (Apple, Xiaomi, QC, CMCC, OPPO, Huawei, Ericsson, THALES, CATT)
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .
After the 1st round discussion, 9 companies support option 3a.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. Check whether option 3a is agreeable or not.



Issue 2-2-8: The principle for gradual timing adjustment requirement.
	
	Status summary 

	Issue 2-2-8
	· Option 1: (Apple, Xiaomi, CMCC)
· the design principle for gradual timing adjustment requirement is:

· Option 2: (QC, Ericsson)
· NTN UE gradual timing adjustment requirement shall be updated to follow the current test purpose which is to verify how UE reflects the estimated DL frame boundary drift to UL transmit timing, i.e. UE autonomous TA adjustment due to updates of UE position estimation, 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.
After the 1st round discussion, some companies suggest to the following options can be considered for gradual timing adjustment requirement in NTN.
Option A: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate 
Option B: Change the definition of reference timing and keep the current requirement
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. Option A and option B can be used as baseline for further discussion.



Issue 2-2-9: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO.
	
	Status summary 

	Issue 2-2-9
	· Option 1: (Apple, Xiaomi, QC, THALES, Nokia)
· Yes, RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, LEO and FFS on MEO.
· Option 2: (CATT, Intel, Huawei, CMCC, OPPO)
· No, define same gradual timing adjustment requirements for different NTN topologies.
After the 1st round discussion, 5 companies support option 1, and 5 companies support option 2.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



Issue 2-2-10: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
	
	Status summary 

	Issue 2-2-10
	· Option 1: (QC, Ericsson, THALES, Nokia)
· Yes
· Option 2: (Huawei)
· No
· Option 2: (MTK, Apple, Xiaomi, CMCC, THALES, CATT)
· FFS
After the 1st round discussion, 4 companies support option 1, 1 company support option 2 and 6 companies support option 3.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



Issue 2-2-11: UE behaviour for gradual timing adjustment for NTN UE?
	
	Status summary 

	Issue 2-2-11
	· Option 1: (FGI, Asia Pacific Telecom, III, ITRI, Huawei, Ericsson)
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: (Apple, CMCC, MTK, QC, Huawei, THALES)
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Option 3: (MTK)
· In NTN, gradual timing adjustment behaviour can be replaced by UE pre-compensation, which can be captured by the timing error limit Te,NTN.
After the 1st round discussion, 3 companies support option 1, 6 company support option 2 and 1 companies support option 3.
Recommendations for 2nd round:
· Continue the discussion between option 1 and option 2 in the 2nd round. 



Issue 2-2-12: Whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
	
	Status summary 

	Issue 2-2-12
	· Option 1: (Apple, CMCC, Xiaomi, QC)
· Yes
· Option 2: (CATT)
· No.
· Option 2: (MTK, THALES)
· Need more discussion.
After the 1st round discussion, 4 companies support option 1, 1 company support option 2 and 2 companies support option 3.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



Issue 2-2-13: The gradual timing adjustment requirement
	
	Status summary 

	Issue 2-2-13
	After the 1st round discussion, companies suggest to wait for the conclusion of other issues.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



Issue 2-2-14: For GEO scenarios, whether the existing TN gradual timing adjustment requirement can be applied
	
	Status summary 

	Issue 2-2-14
	· Option 1: (Apple, CATT, Xiaomi, QC, THALES)
· Yes
· Option 2: (CMCC, OPPO, Huawei, THALES)
· FFS
After the 1st round discussion, 5 companies support option1 and 4 companies support option 2.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



Issue 2-2-15: The direction of timing adjustment for NTN UE pre-compensation.
	
	Status summary 

	Issue 2-2-15
	· Option 1: (MTK, Apple, Huawei, Ercisson, THALES)
· The timing adjustment of NTN UE pre-compensation and legacy gradual timing adjustment are in opposite directions.
· Option 2: (CMCC)
· The NTN UE timing adjustment behavior is same with the TN UE timing adjustment behavior.
After the 1st round discussion, 5 companies support option1 and 1 companies proposed a new option 2, and 1 company think it is defined in RAN1 agreement, no need to make agreement in RAN4.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 



TA adjustment accuracy requirements
Issue 2-3-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement?
	
	Status summary 

	Issue 2-3-1
	· Option 1: (CATT, Xiaomi)
· Yes
· The TA adjustment accuracy should consider all these inaccuracy of the received TA command adjustment () and UE specific TA estimation between the TA signaled by the network at slot n and the UL timing adjustment at slot n+k+1. (Xiaomi)
· Option 2: (Apple, MTK, Huawei, Ericsson, THALES, OPPO)
· No
· Option 3: (QC, THALES)
· 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. 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). And satellite ephemeris information is broadcasted assuming its position is fixed and timing drift on feeder is assumed zero for the core requirements and tests.
· Option 4: (ZTE)
· Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement depends on RAN1’s design
After the 1st round discussion, 2 companies support option1, 6 companies support option 2, and 2 companies support option 3. In addition, 2 company think it is to clarify whether UE specific TA is allowed to be updated within the k slots delay for TAC adjustment or not.
Recommendations for 2nd round:
· Continue the discussion in the 2nd round. 
· it is proposed to clarify whether UE specific TA is allowed to be updated within the k slots delay for TAC adjustment or not.



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

	Issue 2-3-2
	· Option 1: (QC, MTK, Apple, Xiaomi, LG, CMCC, ZTE, THALES)
· Application time of TA adjustment upon TAC shall be updated to incorporate the newly introduced K_offset and K_mac parameters.
After the 1st round discussion, all the companies support option1.
Tentative agreement:
· Application time of TA adjustment upon TAC shall be updated to incorporate the newly introduced K_offset and K_mac parameters.
Recommendations for 2nd round:
· No more discussion in 2nd round.



Issue 2-3-3: TA adjustment accuracy requirement in RRC_CONNECTED mode
	
	Status summary 

	Issue 2-3-3
	· Option 1: (Apple, ZTE, Ericsson, Huawei, Nokia)
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 2: (CATT)
· 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, therwise plus delay error related with nominal accuracy of GNSS, i.e. 30m.
· Option 3: (CMCC)
· Further evaluate the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command.
· Option 4: (Xiaomi, LGE)
· RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN
After the 1st round discussion, 5 companies support option1 and 4 companies think this issue depends on the conclusion of issue 2-3-1.
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Issue 2-3-4: UE behaviour before applying timing advance adjustment for its uplink transmission.
	
	Status summary 

	Issue 2-3-4
	· Option 1: (CATT)
· T1: Downlink reception timing is TDL1;  Timing advance signaled is TTA1 = NTA1×Tc;  UE specific TA is TTA, UE-specific1 = NTA,UE-specific1×Tc;  The UE transming timing is Ttiming1
· T2: Downlink reception timing is TDL2;  Timing advance signaled is TTA2 = NTA2×Tc;  UE specific TA is TTA, UE-specific2 = NTA,UE-specific2×Tc
· 	UE will set it’s transming timing to Ttiming2 = Ttiming1+ (TTA2 – TTA1) + (TTA, UE-specific2 – TTA, UE-specific1) / 2
· 	If Ttiming2 ≠ TDL2 + (NTA2 + NTA,UE-specific2 + NTA,Common + NTA_offset)×Tc, UE will use rule of gradual timing adjustment to adjust transmit timing.
· Option 2: (LGE)
· UE specific TA should be updated in the slot before applying timing advance adjustment for its uplink transmission
· New Option 3: (Apple, QC, ZTE, Huawei, THALES)
· Up to UE implementation
After the 1st round discussion, 1 company support option2 and 5 companies think this issue is up to UE implementation.
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Issue 2-3-5: Open and closed loop for TA adjustment.
	
	Status summary 

	Issue 2-3-5
	· Option 1: (Nokia)
· RAN4 to set requirements on how open loop TA control in RRC connected mode should be applied in a way that does not impact the closed loop TA control messages and fulfilling the required accuracies. 
· Option 2: (QC)
· RAN4 to investigate an issue due to a conflict between closed-loop and open-loop TA compensation. If identified, send an LS to RAN1 and/or discuss how to resolve the issue in RAN4. Depending on the solution on how to resolve the issue, TA adjustment accuracy requirement can be modified accordingly.
After the 1st round discussion, 4 companies suggest FFS, 2 companies think both option1 and option2 discuss the same issue, and 1 company think it is RAN1 issue.
Recommendations for 2nd round:
· Continue the discussion in 2nd round.



Reply LS for the incoming LS (R1-2102263)
Issue 2-4-1: What are the NTN UL time synchronization requirements?
	
	Status summary 

	Issue 2-4-1
	Consensus in GTW session:
Chair: recommend to provide response LS summarizing the current agreements and status of discussion.
Recommendations for 2nd round:
· Discuss 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 a separate accuracy requirement for UE specific TA estimation?
· Option 1: (THALES, Ericsson)
· Yes
· Option 2 : (CATT, Apple, CMCC, Xiaomi, LGE, OPPO, MTK, QC, ZTE, Huawei, Nokia, Intel)
· No
· Recommended WF
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· Not define a separate accuracy requirement for UE specific TA estimation. 
	Company
	Comments

	CMCC
	Agree the recommended WF.

	LG
	Support the recommended WF

	Xiaomi
	Support the recommended WF

	Apple
	Not define a separate accuracy requirement for UE specific TA estimation

	ZTE
	Agree with the recommended WF.

	Ericsson
	Option 1. We need a requirement to be able to set up total error budget. Does option 2 mean that all errors are allocated to Te for NTN.

	Qualcomm
	Support Recommended WF.

	Nokia
	The recommended WF is Ok.

	Huawei
	Agree with the recommended WF

	CATT
	Support to not define a separate accuracy requirement for UE specific TA estimation.

	THALES
	Option 1. We still think we need to define a separate accuracy requirement for UE specific TA estimation.
Please also note that the impact of the TA,common is no longer in the total Te impact, and there still might be some in-accuracy when UE applies the value.
Similarly is for UE specitic TA estimation, we still need to consider a percentage of the CP. Agree with Ericsson.



Issue 2-1-2: Whether to define the update periodicity for UE specific TA estimation?
· Option 1: (Intel, LG, Nokia)
· Yes
· Option 2: (CATT, Apple, MTK, Xiaomi, QC, OPPO, Huawei, THALES)
· No
· Option 3: (Xiaomi, LG, OPPO, Ericsson)
· Depends on RAN1’s conclusion
· Recommended WF
· Continue the discussion in the 2nd round
	Company
	Comments

	LG
	We can further discuss it based on RAN1’s progress in the next meeting

	Xiaomi
	Option 2, it is up to UE implementation. For power saving purpose, UE can update its UE specific TA before its UL transmission other than updating periodicity.

	Apple
	Option 2.

	Ericsson
	Option 3.

	Qualcomm
	At least RAN4 doesn’t define the update periodicity of UE specific TA estimation. Anyway, it is not something separately testable.

	Intel
	Let’s assume for now the periodicity values are UE implementation, unless RAN1/2 has complete design on configurations. However, it is crucial to guarantee the UE updates in a reasonable frequency so that it meets autonomous timing adjustment requirements.

	Nokia
	Option 1 is preferred but we are open to discuss.

	Huawei
	Support option 2.
UE specific TA estimation is performed at UE side, and the update periodicity is up to UE implementation. There is no need to specify it.

	CATT
	We prefer not to define dedicated requirements of update periodicity for UE specific TA estimation.

	THALES
	Option 2



Issue 2-1-3: UE behaviour related to UE specific TA estimation
· Option 1: (CATT, Apple, Xiaomi, Intel, CMCC, OPPO, ZTE, Huawei, CATT, Nokia)
· No need to define UE behaviour for UE specific TA estimation as a requirement.
· Option 2: (LGE)
· Consider to define the behavior for UE specific TA update.
· Option 3: (THALES, Ericsson)
· Specify UE behavior related to the combination of UE specific TA estimation () and self-estimated TA common ().
· Recommended WF
· Continue the discussion in the 2nd round
	Company
	Comments

	LG
	Our intention to propose option 2 is that UE should update UE specific TA periodically or with specific event (aperiodically) since it shouldn’t be affect other values indicated by network.

	Xiaomi
	Option 1. The same comments as issue 2-1-2.

	Apple
	Option 1.

	ZTE
	Opption 1. UE behavior about UE specific TA estimation depends on UE implementation.

	Ericsson
	Option 3, Specify UE behavior related to the combination of UE specific TA estimation () and self-estimated TA common ().

	Qualcomm
	At least RAN4 doesn’t define UE behaviour related to UE specific TA estimation. Anyway, it is not something separately testable.

	Nokia
	Option 1 is preferred but we are open to discuss.

	Huawei
	Support option 1.
It is up to implementation. RAN4 could study the impacts on UE autonomous timing adjustment requirements.

	CATT
	Support option 1.

	THALES
	Option 3.



Issue 2-1-4: The validity of ephemeris information
· Option 1: (LGE)
· RAN4 should assume that the valid ephemeris information is guaranteed for the UE transmit timing requirement test. (MTK, Apple, Xiaomi, Samsung, Huawei, Ericsson, THALES)
· RAN4 needs further discussion when the ephemeris information is invalid or expired on the UE side.
· Recommended WF
· Continue the discussion in the 2nd round.
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· RAN4 should assume that the valid ephemeris information is guaranteed for the UE transmit timing requirement test. 
	Company
	Comments

	CMCC
	We are ok with Option 1.

	LG
	We support option 1. And for valid ephemeris information, I’m not sure how often this information will be broadcasted and there are some agreements, anyway the valid ephemeris information means the information updated within a certain time. If the information is outdated by some reasons, overall T_TA value could be derived incorrectly. So, RAN4 should further discuss UE behavior when ephemeris information is invalid or expired. If RAN4 cannot handle this issue, we can send LS to ask RAN2 to resolve this issue.

	Xiaomi
	Option 1 is fine for us.

	Apple
	Fine with recommended WF. Still have concern on the 2nd bullet of option 1, we propose to assume ideal ephemeris information could be obtained from network in UE requirement design but the error from UE calculation model could be considered.

	ZTE
	Support the recommended WF.

	Ericsson
	Agree with the 1st bullet, of option 1. For the 2nd bullet, of option 1, it is up to RAN1/2 signaling design, how often the ephemeris information will be broadcasted.

	Qualcomm
	RAN4 should assume that the valid ephemeris information is guaranteed for the UE transmit timing requirement test.

	Intel
	We are ok to the WF.

	Nokia
	Option 1 is Ok.

	Huawei
	Support option 1.

	CATT
	Fine with Recommended WF. It cannot be assumed to be invalid by current RAN1/RAN2 procedure.

	THALES
	1st bullet of Option 1.



Issue 2-1-5: whether to define a separate accuracy requirement for self-estimated TA common ()?
· Option 1: (THALES, Ericsson, Nokia)
· Yes.
· Option 2: (CATT, Apple, CMCC, Xiaomi, OPPO, MTK, QC, LG. ZTE, Huawei)
· No.
· Recommended WF
· Continue the discussion in the 2nd round.
· This issue has been discussed for 3 meetings, and majority companies still support not to define a separate accuracy requirement for self-estimated TA common (NTA,common).
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· RAN4 not to define a separate accuracy requirement for self-estimated TA common (). 
	Company
	Comments

	CMCC
	Option 2. 

	LG
	Support the recommended WF.

	Xiaomi
	Support the recommended WF

	Apple 
	Support the recommended WF

	ZTE
	Support the recommended WF.

	Ericsson
	Option 1. We need timing control and accuracy for the total budget from UE TX via satellite to GW and BS RX.

	Qualcomm
	RAN4 not to define a separate accuracy requirement for self-estimated TA common N_(TA,common).

	Intel
	Not to define. Ntacommon is supposed to be configured by the network.
How do you expect when the UE is implemented, that UE baseband algorithms can have any idea about inaccuracy of Ntacommon? How does the UE suppose to meet the requirements which accommodate that inaccuracy?

	Nokia
	Option 1 but we are open to discuss.

	Huawei
	Support the recommended WF, not to define a separate accuracy requirement for NTA,common.

	CATT
	Support not to define.

	THALES
	Option 1. Is still an inaccuracy (or a margin) to take into account when the UE applies the TA,common value. Not all the UEs are the same/experience similar conditions.



Issue 2-1-6: whether to define a separate accuracy requirement for the combination of  ?
· Option 1: (THALES, Ericsson)
· Yes.
· Option 2: (CATT, Apple, CMCC, Xiaomi, OPPO, MTK, QC, LG. ZTE, Huawei)
· No.
· Recommended WF
· Continue the discussion in the 2nd round.
· This issue has been discussed for 3 meetings, and majority companies still support not to define a separate accuracy requirement for the combination of NTA_UE-specific +NTA,common.
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· RAN4 not to define a separate accuracy requirement for the combination of . 
	Company
	Comments

	CMCC
	Option 2.


	LG
	Support the recommended WF

	Xiaomi
	Support the recommended WF

	Apple
	Support the recommended WF

	ZTE
	Support the recommended WF.

	Ericsson
	Option 1. We want some requirement on the total path from UE TX via satellite to GW and gNB.

	Qualcomm
	Option 2.

	Intel
	Option 2. Same comments as in the above issue.

	Huawei
	Support the recommended WF, not to define a separate accuracy requirement for the combination of (NTA,UE-specific+NTA,common).

	CATT
	Similar as Issue 2-1-5. Not to define a separate requirement.

	THALES
	Option 1.



UE transmit timing requirements
Issue 2-2-2: The side condition for Te_NTN requirement.
· Option 1: (Xiaomi, Intel, CATT)
· 2-D position error defined in TS38.171
· Option 2: (MTK)
· The GNSS accuracy and serving-satellite position estimation error
· Option 3 (Apple):
· RAN4 to choose one GNSS positioning accuracy from TS38.171 as a general side condition for NTN RRM requirement design.
· Recommended WF
· Continue the discussion in the 2nd round.
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· Use the scenario of moving scenario and periodic update (2-D position error is 50m) defined in section 6.5 TS 38.171 as the side condition for Te_NTN requirement. 
	Company
	Comments

	CMCC
	The proposal from moderator is fine for us.

	LG
	We are fine with the recommended WF

	Xiaomi
	Support the recommended WF

	Apple
	Support the recommended WF

	MTK
	For UL SCS of 15kHz/30kHz, error of 50m is ok. But it needs FFS for UL SCS of 60 kHz.  

	Ericsson
	For UL SCS of 15kHz/30kHz, error of 50m is ok. But it needs FFS for UL SCS of 60 kHz

	Qualcomm
	Support the recommended WF

	Nokia
	The recommended WF is Ok.

	Huawei
	The recommended WF for this issue seems to be conflicted with the first bullet in issue 1-6:
· GNSS performance is used as side condition for RRM requirement design
We are confused with the side condition, whether the assumption of 50 meters position error or the scenario defined in section 6.5 TS38.171 is used.

	CATT
	Fine with Recommended WF. Additional FFS for high SCS as GTW agreements.

	THALES
	We agree for 60kHz might need FFS.



Issue 2-2-4: Serving-satellite position estimation error?
· Option 1: 
· Te_SAT is the error from calculation model used by UE side
· Option 2: 
· Te_SAT is error due to outdated/inaccurate ephemeris information
· Option 3: 
· The error in both option 1 and option 2 should be accounted in Te_SAT.
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	CMCC
	Option 1 should be included. We would like keep Option 2 FFS.

	LG
	Support option 3.

	Xiaomi
	Support Option 1.

	Apple
	Option 1. We have concern on option 2, because we think network error shall not be counted in UE requirement.

	ZTE
	If the validity of ephemeris information is always assumed for UE, option 1 is supported. 

	MTK
	Prefer to Option 1.

	Ericsson
	Both option 1 and 2 contribute to total error.

	Qualcomm
	Option 1. 
For Option 2, what would the effective max amount of error due to ‘outdated/inaccurate ephemeris information’?

	Nokia
	Option 3. 

	Huawei
	Support option 1, provided that the ideal serving satellite position is assumed to be aligned with the ephemeris information.

	CATT
	Support option 1. For option 2, it shouldn’t be counted into UE requirement.

	THALES
	Option 3.
Both option 1 and 2 contribute to total error, therefore Option 3.



Issue 2-2-5: The max tolerance for NTN UL timing?
· Option 1: (Apple, OPPO)
· (CP – 8*64*Tc)/3 for FR1 and CP/5 for FR2.
· Option 2: (MTK, CMCC, OPPO, Huawei, CATT)
· 0.5*CP for 15KHz and 30KHz.
· Option 3: (Ericsson, Xiaomi)
· Allocate 10% (±5 %) of CP for UE position estimation error and Serving-satellite position estimation error in order to define a new Te requirement for NTN. The feasibility of UL SCS = 120 kHz and the combination UL SCS = 60 kHz and SSB SCS = 15 kHz has to be further investigated.
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	Xiaomi
	Option 2 or option 3 is fine

	Apple
	We support option 1 by considering the channel delay spread and legacy CP proportion of Te. But could compromise to option 2.

	Ericsson
	In issue 2-2-3 it was decided in GTW:

· GNSS accuracy assumption for timing requirements
· For UL SCS = 15 kHz and 30 kHz: 2-D position error is 50m
· For UL SCS = 60kHz in FR1: FFS
50 m 5.12 Ts added to legacy table:
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*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]



Mediatek has analysed ephemeris error in R4-2106360, Discussion on timing requirements in NTN, MediaTek Inc

Table 1: Simulations of accuracy of propagation based on PV ephemeris [3]
	Prediction time ahead for pre-compensation
	Delay error (us)
	percentage of the Te error budget  ± 0.39 us 

	10s
	0.012 us
	<3%

	30s
	0.037 us
	9%


0.012 µs  0.4 Ts


	Qualcomm
	In theory, the max tolerance can be up to CP/2 minus expected channel delay length which is 250ns for FR1. Here, the error should include all components such as the current Te, TAC resolution error, TA adjustment accuracy error, UE position estimation error, and satellite position prediction error. 

	CATT
	Option 2 is fine for maximum tolerance.

	THALES
	We can consider Option 2. Please also see our contribution R4-2114420 (NTN UL Timing Accuracy). We may also agree with Option 3.
We need to consider a percentage of the CP as tolerance of UL timing.



Issue 2-2-6: Initial transmit timing error (Te_NTN) for SCS = 15/30 kHz   
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	
	
	Xiaomi
	Apple
	Ericsson C
	QC

	15
	15
	[18]*64*Tc
	32.5*64*Tc
	[17.4]*64*Tc
	24*64*Tc

	
	30
	[16]*64*Tc
	22*64*Tc
	[15.4]*64*Tc
	22*64*Tc

	
	60
	[16]*64*Tc
	10*64*Tc
	FFS
	FFS

	30
	15
	[12]*64*Tc
	28.5*64*Tc
	[13.4]*64*Tc
	20*64*Tc

	
	30
	[12]*64*Tc
	22*64*Tc
	[13.4]*64*Tc
	20*64*Tc

	
	60
	[11]*64*Tc
	10*64*Tc
	FFS
	FFS


· Recommended WF
· Companies are encouraged to fill the proposed value in above table.  
	Company
	Comments

	Ericsson
	Refer to table entry above.

	CATT
	It seems that Xiaomi and Ericsson’s only add ~50m. But at least 50*2 should be taken into accounted. If consider 50m*2/c (more than 10 Ts) plus other margin, at least it should be more thank Qualcomm’s. We’d like to keep 60kHz as FFS also.   




Issue 2-2-7: Reference timing for UE initial transmission.
· Option 1: (CATT, Apple, Huawei)
· Follow the legacy NR definition
· Option 2: (CMCC)
· The reference timing for UE initial transmission should be revisited considering the following factors:
· TA definition in NTN 
· NTA,UE-specific means the ideal service link TA in reference timing definition
· The reference point definition update in TN
· Option 3: (THALES, MTK)
· 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.
· option 3a: (Apple, Xiaomi, QC, CMCC, OPPO, Huawei, Ericsson, THALES, CATT)
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .
· Recommended WF
· Companies are encouraged to provide views on whether the following proposal is agreeable or not:
· The time reference for the UE transmit timing requirement shall be the downlink timing of the reference cell minus . 
	Company
	Comments

	CMCC
	The proposal from moderator is fine for us. Besides, we think a clarification is needed for  to clarify that this factor is ideal. 

	Xiaomi
	Support the recommended WF

	Apple
	Support the recommended WF

	MTK
	Fine with the recommended WF. It would be good to clarify whether the self-TA estimation errors are excluded from . We think the UE transmit timing error requirement should cover the self-TA estimation errors.

	Ericsson
	Support the recommended WF

	Qualcomm
	Support the recommended WF

	Huawei
	Support the recommended WF.

	CATT
	Support the Recommended WF.

	THALES
	Fine with recommended WF.



Issue 2-2-8: The principle for gradual timing adjustment requirement.
· Status after 1st round
· Some companies suggest to the following options can be considered for gradual timing adjustment requirement in NTN.
· Discussion in 2nd  round
· Option A: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate 
· Option B: Change the definition of reference timing and keep the current requirement
· Recommended WF
· Continue the discussion in the 2nd round. Option A and option B can be used as baseline for further discussion
	Company
	Comments

	CMCC
	We need further check and open to this. Currently, we think both Option A and changing the definition of reference timing are needed.

	Xiaomi
	Option A, compared with legacy gradual timing adjustment, the delay variation should be accounted in gradual timing adjustment in NTN.

	Apple
	Option A.

	MTK
	We need more discussion. 
On Option A, if we relax the requirement by e.g. 20 times, what does it mean? 
We think it means UE can pre-compensate the timing drift with 20 times legacy range based on ephemeris (UE specific TA change). If UE follows the legacy behavior to further delay the timing, it would cause reception error at Satellite. Since the pre-compensation is based on ephemeris not just based on timing detected as the legacy, we think some clarification will be needed.

The object of NTN gradual timing adjustment is still not very clear to us. It would serve 2 purposes
1. downlink reception timing drifting (as the legacy)  Satellite will see further delay
2. UE specific TA estimation change  transparent to Satellite
When we are saying to relax NTN gradual timing adjustment requirement, do we also expect the further delay at Satellite will be also increased? Or the further delay should be still within the legacy gradual timing adjustment requirement?

	Ericsson
	Option A

	Qualcomm
	Okay with Option A.

	Huawei
	Fine with option A.

	CATT
	Option A.

	THALES
	Option A if we can reach an agreement.



Issue 2-2-9: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO.
· Option 1: (Apple, Xiaomi, QC, THALES, Nokia)
· Yes, RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, LEO and FFS on MEO.
· Option 2: (CATT, Intel, Huawei, CMCC, OPPO)
· No, define same gradual timing adjustment requirements for different NTN topologies.
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	CMCC
	Option 2 is preferred. We doubt whether there is the kind of UE that only works in GEO or LEO topology. If not, we think there is no need to define different requirements, since the requirements in LEO is the minimum requirement.

	Xiaomi
	Option 1

	Apple
	Option 1.

	Qualcomm
	Option 1.

	Intel
	Option 2. Unified timing implementation between scenarios is allowed. 

	Nokia
	Option 1.

	Huawei
	Prefer option 2. 

	CATT
	Option 2 now. We think it is related to RAN1’s compensation for feeder link. We are also fine to keep it open.

	THALES
	Option 1 or Option 2. We can start with Option 2 if no compromise possible.



Issue 2-2-10: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: (QC, Ericsson, THALES, Nokia)
· Yes
· Option 2: (Huawei)
· No
· Option 3: (MTK, Apple, Xiaomi, CMCC, THALES, CATT)
· FFS
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	Xiaomi
	FFS

	Apple
	Option 2. The feeder link time drift would impact the DL reception timing at UE, but no need to reflect in the gradual timing adjustment rate requirement. It’s also up to the discussion in issue 2-2-8 (whether the reference point shall be changed or not)

	Ericsson
	Option 1.

	Qualcomm
	Option 1 if the impact of the feeder link time drift is not properly reflected into the definition of referent timing.

	Nokia
	Option 1.

	Huawei
	We are fine with option 3. FFS the impact of the feeder link timing drift on gradual timing adjustment requirements.

	CATT
	Option 3.

	THALES
	Option 1.



Issue 2-2-11: UE behaviour for gradual timing adjustment for NTN UE?
· Option 1: (FGI, Asia Pacific Telecom, III, ITRI, Huawei, Ericsson)
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: (Apple, CMCC, MTK, QC, Huawei, THALES)
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	CMCC
	Option 2.

	Xiaomi
	Option 2

	Apple
	Option 2

	MTK
	Does Option 1 imply to have separate requirements for downlink reception timing drifting and UE specific TA change? 
If there is separate requirements for downlink reception timing drifting, it seems legacy gradual timing adjustment can be reused.

	Ericsson
	Option 1.

	Qualcomm
	Option 2

	Intel
	Let’s discuss more on how does each option implement the spec and choose a better one.

	THALES
	Option 2, if timing drifting is used.



Issue 2-2-12: Whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: (Apple, CMCC, Xiaomi, QC)
· Yes
· Option 2: (CATT)
· No.
· Option 3: (MTK, THALES)
· Need more discussion.
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	CMCC
	Option 2.

	Xiaomi
	Support option 1

	Apple 
	Option 1.

	Qualcomm
	Option 1.

	Huawei
	Support option 3.

	THALES
	Option 3



Issue 2-2-13: The gradual timing adjustment requirement
Recommended WF in 2nd round:
· Continue the discussion in the 2nd round, and companies are encouraged to check whether the following proposal is agreeable or not. 
· 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.
· X can be different for different types of satellites, altitude
· The maximum aggregate adjustment rate shall be Tq_NTN per [Y]ms.
· Y can be different for different types of satellites, altitude
	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


· Note: Z1-Z3 can be different for different types of satellites, altitude, etc
	Company
	Comments

	Xiaomi
	The recommended WF is fine for further discussion.

	Apple
	Fine with the recommended WF

	Ericsson
	The WF is fine,

	Qualcomm
	Okay with the recommended WF

	Intel
	We are fine with the WF in general.

	Huawei
	Generally we can agree with the recommended WF. But whether the values will be different for different types of serving satellites is FFS, which depends on the conclusion of issue 2-2-9.

	CATT
	It is related to Issue 2-2-8 for option A. we are fine with recommended WF leave the values are FFS.

	MTK
	We suggest to add on FFS on whether the requirement will be applicable for LEO, as commented in Issue 2-2-15, the object of NTN gradual timing adjustment in LEO is still not very clear to us.

	THALES
	Fine with recommended WF.



Issue 2-2-14: For GEO scenarios, whether the existing TN gradual timing adjustment requirement can be applied
· Option 1: (Apple, CATT, Xiaomi, QC, THALES)
· Yes
· Option 2: (CMCC, OPPO, Huawei, THALES)
· FFS
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	CMCC
	Depends on Issue 2-2-9.

	Xiaomi
	Option 1

	Apple
	Option 1

	Qualcomm
	In principle, Option 1.However, to be precise, up to the decision on Issue 2-2-10. 

	Intel
	Option 1 we support.

	Huawei
	Option 2. 

	CATT
	Option 1. At least, it can be reused for GEO.

	THALES
	Option 1



Issue 2-2-15: The direction of timing adjustment for NTN UE pre-compensation.
· Option 1: (MTK, Apple, Huawei, Ercisson, THALES)
· The timing adjustment of NTN UE pre-compensation and legacy gradual timing adjustment are in opposite directions.
· Option 2: (CMCC)
· The NTN UE timing adjustment behavior is same with the TN UE timing adjustment behavior.
· Status after 1st round
· 5 companies support option1 and 1 companies proposed a new option 2, and 1 company think it is defined in RAN1 agreement, no need to make agreement in RAN4.
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	CMCC
	We can compromise to Option 1. No matter what the direction is, we think the legacy UE behavior can support it.

	Xiaomi
	Option 1

	Apple
	During the discussion, we have some question on option 1 for clarification:
· Does the timing adjustment of NTN UE pre-compensation means NTN gradual timing adjustment in this option? 
·  If it’s yes, we have different understanding on it and needs FFS.
·  If no and this UE pre-compensation is based on UE specific TA estimation, we agree with option 1.

	MTK
	We think the timing adjustment of NTN UE pre-compensation covers UE specific TA estimation change, which is based on ephemeris. 
The object of NTN gradual timing adjustment is still not very clear to us. It would serve 2 purposes
1. downlink reception timing drifting (as the legacy)  Satellite will see further delay
2. UE specific TA estimation change  transparent to Satellite
When we are saying to relax NTN gradual timing adjustment requirement, do we also expect the further delay at Satellite will be also increased? Or the further delay should be still within the legacy gradual timing adjustment requirement?

	Qualcomm
	No need to make an agreement for this in RAN4. Can’t fully understand the implication of the discussion here.

	Huawei
	Option 1.

	THALES
	Option 1.



TA adjustment accuracy requirements
Issue 2-3-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement?
· Option 1: (CATT, Xiaomi)
· Yes
· The TA adjustment accuracy should consider all these inaccuracy of the received TA command adjustment () and UE specific TA estimation between the TA signaled by the network at slot n and the UL timing adjustment at slot n+k+1. (Xiaomi)
· Option 2: (Apple, MTK, Huawei, Ericsson, OPPO)
· No
· Option 3: (QC, THALES)
· 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. 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). And satellite ephemeris information is broadcasted assuming its position is fixed and timing drift on feeder is assumed zero for the core requirements and tests.
· Option 4: (ZTE)
· Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement depends on RAN1’s design
· Recommended WF
· Continue the discussion in the 2nd round. 
· It is proposed to clarify whether UE specific TA is allowed to be updated within the k slots delay for TAC adjustment or not.
	Company
	Comments

	LG
	TA adjustment accuracy could be affected by UE specific TA, so inaccurate UE specific TA estimation errors need to be accounted for TA adjustment accuracy. To minimize impact on TA adjustment accuracy, UE specific TA is should be updated before TAC adjustment.

	Xiaomi
	FFS

	Apple
	Option 2. TA adjustment accuracy in legacy TN is only to verify how UE would follow the TA command, and therefore only UL granularity needs to be considered.

	Ericsson
	Option 2.

	Qualcomm
	Option 3. 
A real UE keeps running open-loop TA pre-compensation on top of close-loop one. In other words, when UE updates TA in response to TA Command (N_TA), the UE also may additionally apply what is estimated based on open-loop control that includes GNSS based UE position estimation, ephemeris based satellite’s position prediction, and broadcasted N_TA,common. Here, we can assume the latter two can be negligible and set to ‘zero’ while the first component may not be assumed so.

	Huawei
	Support option 2.
The UE specific TA estimation error is counted into Te requirements, and the timing adjustment due to UE specific TA updating can be considered as UE autonomous timing adjustment.

	THALES
	Option 3.



Issue 2-3-3: TA adjustment accuracy requirement in RRC_CONNECTED mode
· Option 1: (Apple, ZTE, Ericsson, Huawei, Nokia)
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 2: (CATT)
· 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, therwise plus delay error related with nominal accuracy of GNSS, i.e. 30m.
· Option 3: (CMCC)
· Further evaluate the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command.
· Option 4: (Xiaomi, LGE)
· RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	LG
	Depending on conclusion of Issue 2-3-1.

	Apple
	Option 1

	ZTE
	Option 1.

	Ericsson
	Option 1.

	Qualcomm
	Depending on the conclusion of Issue 2-3-1, RAN4 may have to add a margin to the existing requirement, e.g. [X]% of the effective UE position estimation error. Here, the effective UE position estimation error comprises of GNSS based UE position estimation error and ephemeris based satellite position prediction error.

	Nokia
	Option 1.

	Huawei
	Support option 1.
TA adjustment requirements can be applied when the network-controlled TA is updated by TA command or signaling. The value of network-controlled TA (include NTA and NTA,common) is calculated according to network signaling. Then, the existing TA adjustment accuracy requirements can be reused.

	CATT
	The TA adjustment accuracy will be affected UE specific TA. Therefore, we think our proposal can be similar as option 4 in such case. Option 4 is fine in general. How to relax, FFS.

	THALES
	Agree with Qualcomm.



Issue 2-3-4: UE behaviour before applying timing advance adjustment for its uplink transmission.
· Option 1: (CATT)
· T1: Downlink reception timing is TDL1;  Timing advance signaled is TTA1 = NTA1×Tc;  UE specific TA is TTA, UE-specific1 = NTA,UE-specific1×Tc;  The UE transming timing is Ttiming1
· T2: Downlink reception timing is TDL2;  Timing advance signaled is TTA2 = NTA2×Tc;  UE specific TA is TTA, UE-specific2 = NTA,UE-specific2×Tc
· 	UE will set it’s transming timing to Ttiming2 = Ttiming1+ (TTA2 – TTA1) + (TTA, UE-specific2 – TTA, UE-specific1) / 2
· 	If Ttiming2 ≠ TDL2 + (NTA2 + NTA,UE-specific2 + NTA,Common + NTA_offset)×Tc, UE will use rule of gradual timing adjustment to adjust transmit timing.
· Option 2: (LGE)
· UE specific TA should be updated in the slot before applying timing advance adjustment for its uplink transmission
· New Option 3: (Apple, QC, ZTE, Huawei, THALES)
· Up to UE implementation
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	LG
	As similar comment of Issue 2-3-1, to minimize impact on N_TA configured by network, UE specific TA should be updated before uplink transmission. If not, the requirements for TA indicated by network can be affected by UE self-estimated TA. So, we propose option 2.

	Xiaomi
	Option 3

	Apple
	Option 3.

	ZTE
	Option 3.

	Qualcomm
	Option 3.

	Huawei
	Support option 3.
The calculations of NTA and NTA,common depend on RAN1’ agreements. The calculation of NTA,UE-specific is up to UE implementation.

	CATT
	We can compromise to option 3.

	THALES
	Option 3.



Issue 2-3-5: Open and closed loop for TA adjustment.
· Option 1: (Nokia)
· RAN4 to set requirements on how open loop TA control in RRC connected mode should be applied in a way that does not impact the closed loop TA control messages and fulfilling the required accuracies. 
· Option 2: (QC)
· RAN4 to investigate an issue due to a conflict between closed-loop and open-loop TA compensation. If identified, send an LS to RAN1 and/or discuss how to resolve the issue in RAN4. Depending on the solution on how to resolve the issue, TA adjustment accuracy requirement can be modified accordingly.
· Status after 1st round
· 4 companies suggest FFS, 2 companies think both option1 and option2 discuss the same issue, and 1 company think it is RAN1 issue.
· Recommended WF
· Continue the discussion in the 2nd round. 
	Company
	Comments

	LG
	It might be simply resolved by option 2 of Issue 2-3-4

	Apple
	FFS whether it shall be discussed in RAN1.

	Ericsson
	This is a RAN1 issue.

	Qualcomm
	Option 2.

	Nokia
	Option 1 is preferred but we are open to discuss Option 2. 

	Thales
	Both Option 1 or Option 2 are fine.




Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on …
	YYY
	

	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	WF on timing requirements for NR NTN
	Xiaomi
	

	Reply LS on NTN UL time and frequency synchronization requirements
	Xiaomi
	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
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	Company
	Name
	Email address

	MTK
	Hsuanli Lin
	Hsuanli.Lin@mediatek.com

	Apple
	Jie Cui
	Jie_cui@apple.com

	Xiaomi
	Xuhua Tao
	taoxuhua@xiaomi.com

	Qualcomm
	CH Park
	chparkqc@qti.qualcomm.com

	LG
	Jin-Yup Hwang
	jinyup.hwang@lge.com

	Samsung
	Yiran JIN
	yiran.jin@samsung.com

	Ericsson
	Magnus Larsson
	magnus.k.larsson@ericsson.com

	THALES
	Dorin Panaitopol
	

	CATT
	Yanze Fu
	fuyanze@catt.cn

	CMCC
	Shiyuan Wang
	wangshiyuan@chinamobile.com

	Intel
	Meng Zhang
	Meng.zhang@intel.com
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