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Introduction
At the RAN#86 meeting, the Study Item on “Study on solutions for NR to support non-terrestrial network” was completed [1] and the corresponding work item was then approved and later updated at RAN#93 meeting [2]. The new work item aims to specify the enhancements identified for NR NTN and has the following RAN2 objectives on user plane aspects:
· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
· [bookmark: _Hlk45617713]Enhancement on UL scheduling to reduce scheduling latency.
· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 
· RLC
· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios 
· PDCP
· SDU discard: Extension of the value range of discardTimer.
· Sequence Numbers: extension of the SN space for GEO scenarios.
In this paper, we discuss TA reporting in NTN.

The UE specific Timing Advance MAC CE 
Modelling the new MAC CE in the MAC spec 
We note that in the running CR [3], the new MAC CE has impact in 5.1.3a, 5.1.4, 5.4.3.1.3 and the new section 5.XX. Further we note that the new MAC CE is in many ways similar to the BSR and PHR MAC CEs, and the description in 5.XX can be written similar to the BSR or PHR section without the need to affect the section 5.1.3a nor 5.1.4. This will make the spec easier to read, as someone not interested in NTNs (do they exist?!) will not need to decipher addition due to NTN in 5.1.3a and 5.1.4. Further, it makes it very simple to introduce triggering of SR for this new MAC CE, if RAN2 decides to do that. 
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5.4.XX	UE-Specific TA reporting
The UE specific TA report (UTR) procedure is used to provide the serving gNB with information about the UE specific TA pre-compensation. 
RRC configures the following parameter to control the UTR:
-	enableTA-Report.
A UTR shall be triggered if any of the following events occur:
-	The UE, while it is not in RRC CONNECTED mode, initiates a RA procedure that is not for SI request and enableTA-Report is configured to true
Editor’s note: FFS the triggered event reporting condition can be added to the list above similar to the different reasons for BSR triggers.
The MAC entity shall: 
1>	if the UE specific TA reporting procedure determines that at least one UTR has been triggered and not cancelled:
2>	if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the UTR MAC CE plus its subheader as a result of logical channel prioritization:
3>	instruct the Multiplexing and Assembly procedure to generate the UTR MAC CE as defined in clause 6.1.3.XX.
Editor’s note: FFS if actions related to no UL-SCH resources avilable are needed here ”2>	if there is no UL-SCH resource available for a new transmission:3>	trigger SR”
NOTE: 	UL-SCH resources are considered available if the MAC entity has been configured with, receives, or determines an uplink grant. If the MAC entity has determined at a given point in time that UL-SCH resources are available, this need not imply that UL-SCH resources are available for use at that point in time.
A MAC PDU shall contain at most one UTR MAC CE, even when multiple events have triggered a UTR.
All UTRs triggered shall be cancelled when a MAC PDU is transmitted and this PDU includes a UTR MAC CE.
The example above does not cover all the random-access cases agreed. 

Prioritization of new MAC CE 
At RAN2#116 the following was agreed
5. Logical channel priority of the TA report MAC CE should be lower than that of “C-RNTI MAC CE or data from UL-CCCH” and higher than that of “data from any Logical Channel, except data from UL-CCCH”.

Agreements online:
1. RAN2 further discuss the exact priority of the TA report MAC CE between “C-RNTI MAC CE or data from UL-CCCH” and “MAC CE for BSR, with exception of BSR included for padding

To facilitate the network to control whether the new TA report MAC CE sent during Random Access procedures shall be transmitted in the Msg3 or Msg5, we need to decide the prioritization of this new MAC CE in the prioritization list of MAC spec 5.4.3.1.3:
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-	Configured Grant Confirmation MAC CE or BFR MAC CE or Multiple Entry Configured Grant Confirmation MAC CE;
-	Sidelink Configured Grant Confirmation MAC CE;
-	LBT failure MAC CE;
-	MAC CE for SL-BSR prioritized according to clause 5.22.1.6;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	MAC CE for the number of Desired Guard Symbols;
-	MAC CE for Pre-emptive BSR;
-	MAC CE for SL-BSR, with exception of SL-BSR prioritized according to clause 5.22.1.6 and SL-BSR included for padding;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding;
-	MAC CE for SL-BSR included for padding.
NOTE 2:	Prioritization among Configured Grant Confirmation MAC CE, Multiple Entry Configured Grant Confirmation MAC CE, and BFR MAC CE is up to UE implementation.
If we select a prioritization for the new MAC CE that is lower than “C-RNTI MAC CE or data from UL-CCCH” but higher than “MAC CE for BSR, with exception of BSR included for padding”, the network can select to always get the new MAC CE in Msg3/MsgA by selecting a suitable TBS for Msg3/MsgA. If the TBS of Msg3/MsgA is not large enough to include the new MAC CE, then it will be included in the next UL scheduling. This is because in idle RRCSetupRequest and RRCResumeRequest is sent on SRB0 (UL-CCCH) in Msg3/MsgA while RRCResumeComplete and RRCSetupComplete is sent on SRB1 (that is “data from any Logical Channel, except data from UL-CCCH”) and in connected mode, the UE will include the C-RNTI MAC CE before the new MAC CE in MsgA/Msg3. 
Further we think the BFR MAC CE and Configured Grant Confirmation MAC CEs are more important, than the new MAC CE, as delaying especially BFR may lead to a dropped link or degraded link performance. The BSR MAC CEs and PHR MAC CEs, that may be triggered when doing RA in CONNECTED mode, are not as serious to delay as the new MAC CE. Therefore, we propose: 
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Reporting UE specific TA pre-compensation 
At RAN2#115e the following was agreed:
Agreements:
1. UE specific TA reporting during RACH procedure is enabled/disabled by SI (FFS for RACH in connected mode)

Agreements:
1. In the MAC specification section 5.1.5, delay the start of ra-ContentionResolutionTimer by the UE-gNB RTT (i.e. sum of UE's TA and K_mac)

Agreements via email - from offline 106:
1. The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA (this can be revisited after receiving RAN1 response).
2. [bookmark: _Ref85747185]Reporting on the information about UE specific TA in connected mode is supported, FFS via RRC signalling or MAC CE
3. Event-triggers for reporting on the information about UE specific TA in connected mode is supported. FFS on the details. Confirmation by RAN1 is also needed
4. If configured, the UE shall report information of the UE specific TA pre-compensation to the target cell during the random access. FFS if a new indication in RRC reconfiguration with sync is needed or not (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell).
5. Information about UE specific TA pre-compensation is not reported in RA procedures triggered due to “Request for Other SI”

Agreements via email - from offline 106 second round:
1. The event-triggers for reporting information about UE specific TA are based on TA values (confirmation from RAN1 is needed)
2. A TA offset threshold can be used for event-triggered reporting, at least the offset threshold can be between current information about UE specific TA and the last successfully reported information about UE specific TA
3. The event-triggers for reporting information about UE specific TA based on time threshold is not supported in NTN.
4. No new indication in RRC reconfiguration with sync is needed to configure the UE to report information about UE specific TA in handover procedure (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell).

Agreements via email - from offline 106 third round:
1. Under the work assumption "the UE location information cannot be reported in connected mode", the content of UE specific TA reported in connected mode is UE specific TA pre-compensation(for the details of the TA value, confirmation from RAN1 is needed).
2. If the reported content of information about UE specific TA is UE location information in connected mode, RRC signalling is used to report.

Agreements online:
1. Under the work assumption "the UE location information can be reported in connected mode", for TA reporting purposes in connected mode, the network can configure the UE to send either the UE specific TA pre-compensation (for the details of the TA value, confirmation from RAN1 is needed) or the UE location information
Working Assumption:
1. If the reported content of information about UE specific TA is TA pre-compensation value in connected mode, MAC CE is used to report

While at RAN2#116 the following was agreed:
Agreements via email - from offline 106:
1. Do not mandate Msg3/MsgA or Msg5 to include TA report MAC CE, and whether it can be included depends on the TB size of Msg3/MsgA or Msg5. No spec change is needed for this

2. Postpone the discussion on the size of the TA report MAC CE until RAN2 concludes on the content of TA report.

2. If the reported content of information about UE specific TA is TA pre-compensation value in connected mode, MAC CE is used to report

At RAN1#106 the following was agreed: 
Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together
Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.
Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.
Agreement:
The information of K_mac is carried in system information.
Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

And, at RAN1#106bis the following was agreed: 
Agreement:
Signalling one value for cell-specific K_offset is supported.
Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2
Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity
Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2

Thus, RAN1 have decided that the granularity for TA report is slot, while Koffset and Kmac are signalled on ms level when 15 kHz SCS is used. 

Which information about UE specific TA pre-compensation to report during random access
RAN1 agreed that the TA reporting granularity is slot level. 
To limit the range of values that need to be reported in the TA report, we can use the difference between the cell-specific-Koffset and TTA (the full TA applied by the UE as defined by RAN1) and divide that by the time for one slot. That is, to report the quantity 
[cell-specific-Koffset – TTA] / [slot length] 
rounded down to closest integer and all quantities are expressed in the same unit of time (for example seconds). 
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For 15 kHz SCS with 1 ms slots there will be only 1 to 11 (as the maximum differential delay in a cell is maximum 10.3 ms in GEO) or maybe 1 to 12 (using a one slot margin for UEs that access and are far from the nadir, that is the cell specific Koffset uses a value 1 ms higher than necessary to ensure the timing for UEs that are on the very outer edge of the coverage of the cell). For SCS of 240 kHz and 1/16 ms slots, the reporting range will be from 1 to 192 for a maximum differential delay of 12 ms over a cell. 
Using an 8 bit TA report will enable values between 0 and 255, and can thus cover up to 16 ms (256/16 = 16) difference in RTT for a SCS of 240 kHz. 
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How to trigger TA reporting in connected mode 
We may define the triggers for reporting in a similar manner as the TA report during random access, that is to take the difference between the UE specific Koffset (or the cell-specific-Koffset if no UE-specific-Koffset is configured for the UE) and the timing advance applied by the UE (TTA) as the quantity to monitor: 
Qta = [UE-specific-Koffset – TTA] 
where all quantities are expressed in seconds. 
Then using this quantity we can define two thresholds to trigger TA reports.
Trigger a report when 
Qta < ThDown, 
indicating that the TTA is increasing and the gNB need to configure a higher Koffset to allow sufficient processing time for the UE to process before PUSCH and PUCCH transmissions. 
Trigger a report when 
Qta > ThUp,
indicating that the TTA is decreasing, and it is possible to configure a lower Koffset. 
The thresholds may be selected as follows: 
ThDown is the minimum time needed for the UE to process grants and HARQ feedback transmissions plus a time margin. When the Qta is below this value it is time to configure a higher UE specific Koffset. 
ThUp is approximately Th1 + 1 ms, which indicates that it is possible to configure a lower Koffset. 
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[bookmark: _Toc85747886][bookmark: _Toc85747899][bookmark: _Toc85747994][bookmark: _Toc85748010][bookmark: _Toc85750999][bookmark: _Toc85751013][bookmark: _Toc85751050][bookmark: _Toc85751064][bookmark: _Toc85751116][bookmark: _Toc85751124][bookmark: _Toc85751180][bookmark: _Toc85751188][bookmark: _Toc85751340][bookmark: _Toc85751348][bookmark: _Toc85762110][bookmark: _Toc85762118][bookmark: _Ref90940764][bookmark: _Toc90942506][bookmark: _Toc90942520][bookmark: _Toc90942709][bookmark: _Toc90942723][bookmark: _Toc91169136][bookmark: _Toc91169150][bookmark: _Toc91170902][bookmark: _Toc91170916][bookmark: _Toc91173320][bookmark: _Toc91173334][bookmark: _Toc91173711][bookmark: _Toc91173725][bookmark: _Toc91174026][bookmark: _Toc91174040][bookmark: _Toc91174538][bookmark: _Toc91174553][bookmark: _Toc91174786][bookmark: _Toc91174802][bookmark: _Toc91175170][bookmark: _Toc91175186][bookmark: _Toc91176428][bookmark: _Toc91176450][bookmark: _Toc91176624][bookmark: _Toc91176646][bookmark: _Toc91176804][bookmark: _Toc91176826][bookmark: _Toc92744026][bookmark: _Toc92744049][bookmark: _Toc92745097][bookmark: _Toc92745122][bookmark: _Toc92787226][bookmark: _Toc92787251][bookmark: _Toc92794762][bookmark: _Toc92794787][bookmark: _Toc92797849][bookmark: _Toc92797874][bookmark: _Toc92797913][bookmark: _Toc92797935][bookmark: _Toc92797991][bookmark: _Toc92798013]The UE may be configured with two thresholds to trigger TA reports based on Qta. ThDown triggers a TA report if Qta < ThDown. ThUp triggers a TA report if Qta > ThUp. 

Some have suggested that the triggered reporting of TA shall be based on the last successfully reported TA, but that trigger has a lot of technical issues. 
One advantage of this trigger for reporting is that as the gNB handles the UE-specific-Koffset, there will be no need to trigger reports – only when there is a need/opportunity to change the UE-specific-Koffset there will be a report. Another advantage is that there is no need for the UE to determine/guess if a report of information about the UE specific TA pre-compensation has been successfully received by the gNB to have something to compare to an updated TTA. 
When the gNB sends a new Koffset to the UE, shall the UE update the “last successfully reported TA” or not? If not, a new TA report may be triggered even if the UE have received an updated Koffset that is suitable for the TTA as the UE or satellite moves. 
[bookmark: _Toc90942507][bookmark: _Toc90942710][bookmark: _Toc91169137][bookmark: _Toc91170903][bookmark: _Toc91173321][bookmark: _Toc91173712][bookmark: _Toc91174027][bookmark: _Toc91174539][bookmark: _Toc91174787][bookmark: _Toc91175171][bookmark: _Toc91176429][bookmark: _Toc91176625][bookmark: _Toc91176805][bookmark: _Toc92744027][bookmark: _Toc92745098][bookmark: _Toc92787227][bookmark: _Toc92794763][bookmark: _Toc92797850][bookmark: _Toc92797914][bookmark: _Toc92797992]The advantages of using Qta = [UE-specific-Koffset – TTA] and two thresholds Qta < ThDown and Qta > ThUp to trigger TA reports is:
1) no report will be triggered unless there is a need to update the UE-specific-Koffset
2) no need for the UE to determine/guess and store a “last successfully reported TA”
3) no need to update the “last successfully reported TA” when an updated Koffset is received (useful in scenarios when gNB can predict the TTA of the UE, for example when UE location is known, or in Earth Fixed cells when satellite has moved a certain distance). 

Further, if the TBS can fit all data but not the TA report, we may decide to only send the data and wait with the TA report. 
[bookmark: _Toc91174540][bookmark: _Toc91174554][bookmark: _Toc91174788][bookmark: _Toc91174803][bookmark: _Toc91175172][bookmark: _Toc91175187][bookmark: _Toc91176430][bookmark: _Toc91176451][bookmark: _Toc91176626][bookmark: _Toc91176647][bookmark: _Toc91176806][bookmark: _Toc91176827][bookmark: _Toc92744028][bookmark: _Toc92744050][bookmark: _Toc92745099][bookmark: _Toc92745123][bookmark: _Toc92787228][bookmark: _Toc92787252][bookmark: _Toc92794764][bookmark: _Toc92794788][bookmark: _Toc92797851][bookmark: _Toc92797875][bookmark: _Toc92797915][bookmark: _Toc92797936][bookmark: _Toc92797993][bookmark: _Toc92798014]RAN2 to discuss the case a TBS can fit all data if a new TA report MAC CE is not included, whether the UE shall then not send the new TA report MAC CE.

The use case where TA reporting can give a decreased delay may be for users with lots of data, or for users of high priority or for some special prioritized services or when the cell load is low. In some use cases there is no need for all UEs to send TA reports during random-access, instead the gNB shall be allowed to request the UE to report the TA for the UEs that fulfil criteria where TA reporting is useful or when the cell load allows. As ARN2 already agreed that the network can configure if the TA is reported during random access or not, it will be useful for the gNB to be able to request the UE to report the TA ni connected mode. 
[bookmark: _Toc91174789][bookmark: _Toc91174804][bookmark: _Toc91175173][bookmark: _Toc91175188][bookmark: _Toc91176431][bookmark: _Toc91176452][bookmark: _Toc91176627][bookmark: _Toc91176648][bookmark: _Toc91176807][bookmark: _Toc91176828][bookmark: _Toc92744029][bookmark: _Toc92744051][bookmark: _Toc92745100][bookmark: _Toc92745124][bookmark: _Toc92787229][bookmark: _Toc92787253][bookmark: _Toc92794765][bookmark: _Toc92794789][bookmark: _Toc92797852][bookmark: _Toc92797876][bookmark: _Toc92797916][bookmark: _Toc92797937][bookmark: _Toc92797994][bookmark: _Toc92798015]The gNB can request the UE to report TA in connected mode. 

Which information about UE specific TA pre-compensation to report and how to trigger reports in connected mode
Even slot level granularity TA report may be sufficient for an observer to accurately estimate the UE position if the observer manages to collect many TA values to a few different satellites (say in LEO with Earth Moving cells where the coverage time from one cell may be in the order of 10s of seconds, and the coverage from one satellite may be in the order of 100s of seconds, depending on the constellation, on the other hand such scenarios will most likely not use UE specific Koffset and thus no TA report is be needed). We think reporting TA with MAC CEs in connected mode will create privacy problems. 
[bookmark: _Toc85150666][bookmark: _Toc85151664][bookmark: _Toc85180927][bookmark: _Toc85181000][bookmark: _Toc85747870][bookmark: _Toc85747986][bookmark: _Toc85750990][bookmark: _Toc85751041][bookmark: _Toc85751107][bookmark: _Toc85751171][bookmark: _Toc85751331][bookmark: _Toc85762101][bookmark: _Toc90942508][bookmark: _Toc90942711][bookmark: _Toc91169138][bookmark: _Toc91170904][bookmark: _Toc91173322][bookmark: _Toc91173713][bookmark: _Toc91174028][bookmark: _Toc91174541][bookmark: _Toc91174790][bookmark: _Toc91175174][bookmark: _Toc91176432][bookmark: _Toc91176628][bookmark: _Toc91176808][bookmark: _Toc92744030][bookmark: _Toc92745101][bookmark: _Toc92787230][bookmark: _Toc92794766][bookmark: _Toc92797853][bookmark: _Toc92797917][bookmark: _Toc92797995]When TA reports use slot granularity, observers can still accurately estimate the UE position from multiple reports towards multiple satellites. Thus, using MAC CE to report TA value has privacy issues. 

Using TA report with a MAC CE:
If MAC CEs are used for TA report, the MAC CE may not be reported to the gNB if the UE do not have an UL grant, or if UL HARQ fails (the UE have no idea about failed HARQ and gNB do not know there was a TA report MAC CE included (gNB of course knows HARQ failed but may do nothing, as important info shall be retransmitted by RLC)). If MAC CE is used to update Koffset, the HARQ transmission may fail (though gNB should avoid this and use a HARQ process with HARQ feedback). 
These issues may be mitigated, if we 1) allow the new TA report MAC CE to trigger Scheduling Request (this has not been common in the MAC spec even though there are a few examples), and 2) introduce a timer after a TA report MAC CE transmission that triggers a new TA report MAC CE at expiry in case no updated Koffset is received before that. 

Using RRC TA reporting/Koffset update:
A triggered TA report will trigger a BSR, as for any SRB traffic. RRC is encrypted, integrity protected and delivery ensured with RLC retransmissions. 

Therefore, we think the UE shall not report using MAC CE in connected mode. Using RRC will give integrity protection and encryption and thus will not reveal the UE position to unwanted parties. 
There are more error cases for MAC CE based reporting/Koffset update but the whole procedure may be faster compared to RRC based reporting/Koffset update where delivery is secured. Further MAC CE based reporting has quite large MAC spec impact, for example having MAC CEs trigger SR is not common. 
The agreed event triggered reporting of TA is easily implemented in the existing measurement framework that uses RRC signalling for the reports – thus, it is not necessary to report TA value using a MAC CE in connected mode. 
[bookmark: _Toc85150668][bookmark: _Toc85151666][bookmark: _Toc85180929][bookmark: _Toc85181002][bookmark: _Toc85747872][bookmark: _Toc85747988][bookmark: _Toc85750992][bookmark: _Toc85751043][bookmark: _Toc85751109][bookmark: _Toc85751173][bookmark: _Toc85751333][bookmark: _Toc85762103][bookmark: _Toc90942509][bookmark: _Toc90942712][bookmark: _Toc91169139][bookmark: _Toc91170905][bookmark: _Toc91173323][bookmark: _Toc91173714][bookmark: _Toc91174029][bookmark: _Toc91174542][bookmark: _Toc91174791][bookmark: _Toc91175175][bookmark: _Toc91176433][bookmark: _Toc91176629][bookmark: _Toc91176809][bookmark: _Toc92744031][bookmark: _Toc92745102][bookmark: _Toc92787231][bookmark: _Toc92794767][bookmark: _Toc92797854][bookmark: _Toc92797918][bookmark: _Toc92797996]The event triggered reporting of TA can be integrated in the existing Event based measurement framework that uses RRC signalling. 

The gNB can estimate the position of the UE from the reported TA value, and combined with neighbour satellite measurements, this will be an accurate estimate after a short while. Reporting the UE position instead of the TA has the advantage that gNB can use the satellite ephemeris to predict how the TA will change, and thus the reporting is only needed once. If UE position is reported, the event triggered reporting shall be based on the UEs position changing more than a threshold. The UE position may also be used in the mobility management to know when the UE shall do handovers and for other things, for example to know which measurements to configure or which Tracking Area the UE belongs to. Reporting UE position may however be controversial due to privacy issues. 
[bookmark: _Toc85150669][bookmark: _Toc85151667][bookmark: _Toc85180930][bookmark: _Toc85181003][bookmark: _Toc85747873][bookmark: _Toc85747989][bookmark: _Toc85750993][bookmark: _Toc85751044][bookmark: _Toc85751110][bookmark: _Toc85751174][bookmark: _Toc85751334][bookmark: _Toc85762104][bookmark: _Toc90942510][bookmark: _Toc90942713][bookmark: _Toc91169140][bookmark: _Toc91170906][bookmark: _Toc91173324][bookmark: _Toc91173715][bookmark: _Toc91174030][bookmark: _Toc91174543][bookmark: _Toc91174792][bookmark: _Toc91175176][bookmark: _Toc91176434][bookmark: _Toc91176630][bookmark: _Toc91176810][bookmark: _Toc92744032][bookmark: _Toc92745103][bookmark: _Toc92787232][bookmark: _Toc92794768][bookmark: _Toc92797855][bookmark: _Toc92797919][bookmark: _Toc92797997][bookmark: _Toc67610798][bookmark: _Toc67616093][bookmark: _Toc67616248][bookmark: _Toc67616390][bookmark: _Toc67616501][bookmark: _Toc67616542][bookmark: _Toc67616583][bookmark: _Toc67616617][bookmark: _Toc67748955][bookmark: _Toc67749139][bookmark: _Toc67749408][bookmark: _Toc67749644][bookmark: _Toc68011742][bookmark: _Toc68037221][bookmark: _Toc68091761][bookmark: _Toc68178646][bookmark: _Toc68183025][bookmark: _Toc68208729][bookmark: _Toc68208882][bookmark: _Toc68209283][bookmark: _Toc68210464][bookmark: _Toc71071859][bookmark: _Toc71074891][bookmark: _Toc71114895][bookmark: _Toc71119730][bookmark: _Toc71126713][bookmark: _Toc71237753][bookmark: _Toc71237795][bookmark: _Toc71238431][bookmark: _Toc71240770][bookmark: _Toc71240846][bookmark: _Toc71241161][bookmark: _Toc71244783][bookmark: _Toc71244966][bookmark: _Toc71247935][bookmark: _Toc71293537][bookmark: _Toc71297586][bookmark: _Toc71299071][bookmark: _Toc71399837][bookmark: _Toc71454688][bookmark: _Toc71454722][bookmark: _Toc71455650][bookmark: _Toc71455699][bookmark: _Toc71455756][bookmark: _Toc71466736][bookmark: _Toc71497680][bookmark: _Toc71548555][bookmark: _Toc71549057][bookmark: _Toc71582110][bookmark: _Toc71582858][bookmark: _Toc71583846][bookmark: _Toc74332580][bookmark: _Toc74332627][bookmark: _Toc74563986][bookmark: _Toc75181363][bookmark: _Toc75275825][bookmark: _Toc75276046][bookmark: _Toc75345077][bookmark: _Toc75426334][bookmark: _Toc75426997][bookmark: _Toc75427039][bookmark: _Toc76038178][bookmark: _Toc76038229][bookmark: _Toc78842346][bookmark: _Toc78990140][bookmark: _Toc78997199][bookmark: _Toc79084887][bookmark: _Toc79085068][bookmark: _Toc79095290][bookmark: _Toc79095332][bookmark: _Toc79095644][bookmark: _Toc79097368]If the UE reports the TA value, the gNB can accurately estimate the UE position. Thus, there is no point in not reporting the UE position from a privacy perspective. 
[bookmark: _Toc85150670][bookmark: _Toc85151668][bookmark: _Toc85180931][bookmark: _Toc85181004][bookmark: _Toc85747874][bookmark: _Toc85747990][bookmark: _Toc85750994][bookmark: _Toc85751045][bookmark: _Toc85751111][bookmark: _Toc85751175][bookmark: _Toc85751335][bookmark: _Toc85762105][bookmark: _Toc90942511][bookmark: _Toc90942714][bookmark: _Toc91169141][bookmark: _Toc91170907][bookmark: _Toc91173325][bookmark: _Toc91173716][bookmark: _Toc91174031][bookmark: _Toc91174544][bookmark: _Toc91174793][bookmark: _Toc91175177][bookmark: _Toc91176435][bookmark: _Toc91176631][bookmark: _Toc91176811][bookmark: _Toc92744033][bookmark: _Toc92745104][bookmark: _Toc92787233][bookmark: _Toc92794769][bookmark: _Toc92797856][bookmark: _Toc92797920][bookmark: _Toc92797998]With the UE position and the satellite ephemeris, the gNB can predict TA variations with less signalling than when the UE report TA or the UE report TA+TA drift. 
[bookmark: _Toc85747875][bookmark: _Toc85747991][bookmark: _Toc85750995][bookmark: _Toc85751046][bookmark: _Toc85751112][bookmark: _Toc85751176][bookmark: _Toc85751336][bookmark: _Toc85762106][bookmark: _Toc90942512][bookmark: _Toc90942715][bookmark: _Toc91169142][bookmark: _Toc91170908][bookmark: _Toc91173326][bookmark: _Toc91173717][bookmark: _Toc91174032][bookmark: _Toc91174545][bookmark: _Toc91174794][bookmark: _Toc91175178][bookmark: _Toc91176436][bookmark: _Toc91176632][bookmark: _Toc91176812][bookmark: _Toc92744034][bookmark: _Toc92745105][bookmark: _Toc92787234][bookmark: _Toc92794770][bookmark: _Toc92797857][bookmark: _Toc92797921][bookmark: _Toc92797999][bookmark: _Toc67610824][bookmark: _Toc67616118][bookmark: _Toc67616249][bookmark: _Toc67616391][bookmark: _Toc67616422][bookmark: _Toc67616502][bookmark: _Toc67616533][bookmark: _Toc67616543][bookmark: _Toc67616574][bookmark: _Toc67616584][bookmark: _Toc67616618][bookmark: _Toc67748956]The UE position is useful to receive in the gNB to improve Tracking Area selection and to improve the Radio Resource Management. 
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The advantage of this trigger is that the UE do not need to remember the “last successful reported location”, nor the last successful reported TA (however the UE would know that the gNB have received a report?). 

UE specific Koffset

At RAN1#106 the following was agreed: 
Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together

Further RAN1 provided the LS on MAC CE impacts for Rel17 in R1-2112842 [4] from RAN1#107e with the request to include a UESpecific_Koffset (RAN1 temporary name) MAC CE with a value range TBD and a request that RAN2 select a MAC CE name. 
[bookmark: _Toc92744036][bookmark: _Toc92744053][bookmark: _Toc92745107][bookmark: _Toc92745126][bookmark: _Toc92787236][bookmark: _Toc92787255][bookmark: _Toc92794772][bookmark: _Toc92794791][bookmark: _Toc92797859][bookmark: _Toc92797878][bookmark: _Toc92797923][bookmark: _Toc92797939][bookmark: _Toc92798001][bookmark: _Toc92798017]RAN2 to discuss the UE specific Koffset MAC CE name and whether it uses an LCID or eLCID. 

UL synchronisation 
RAN1 have agreed that when the ephemeris and commonTA are in the same SIB, and they are accompanied with an UL synchronisation timer. 
As the UE cannot be sure to have the correct uplink timing when this new timer expires– the UE must refrain from sending any UL transmissions. 
When the UE fails to acquire the GNSS fix for the UE location to be used in the full TA calculation, the UE must refrain from making any UL transmissions. 
As the need of GNSS fix may depend on the UE implementation as UEs may apply techniques to updates its location based on other methods than reading the GNSS, this part is better left to the UE implementation. 
[bookmark: _Toc91176438][bookmark: _Toc91176454][bookmark: _Toc91176634][bookmark: _Toc91176650][bookmark: _Toc91176814][bookmark: _Toc91176830][bookmark: _Toc92744037][bookmark: _Toc92744054][bookmark: _Toc92745108][bookmark: _Toc92787237][bookmark: _Toc92794773][bookmark: _Toc92797860][bookmark: _Toc92797924][bookmark: _Toc92798002]If the UL synchronisation timer expires, the UE must stop all uplink transmissions. 
[bookmark: _Toc91176439][bookmark: _Toc91176455][bookmark: _Toc91176635][bookmark: _Toc91176651][bookmark: _Toc91176815][bookmark: _Toc91176831][bookmark: _Toc92798003][bookmark: _Toc92744038][bookmark: _Toc92744055][bookmark: _Toc92745109][bookmark: _Toc92787238][bookmark: _Toc92794774][bookmark: _Toc92797861][bookmark: _Toc92797925]If the UE fails to acquire an accurate UE location to be used in the calculation of the full TA, the UE must stop all uplink transmissions. The detection and frequency of UE updates of UE location is left to UE implementation. 
In some cases, the UE may reacquire the UL synchronisation or reacquire an accurate UE location within a short period of time, and then it would be a waste of resources if the UE drops all the RRC configured UL resources as it can continue using the UL resources. This may be achieved by adding a new timer during which the UE may reacquire the ephemeris/commonTA and/or the accurate UE location. If the UE fails to reacquire synchronisation before this new timer expires, all configured resources needs to be dropped and the higher layers need to be informed of the event, that is to trigger an RLF. 
[bookmark: _Toc91176440][bookmark: _Toc91176456][bookmark: _Toc91176636][bookmark: _Toc91176652][bookmark: _Toc91176816][bookmark: _Toc91176832][bookmark: _Toc92744039][bookmark: _Toc92744056]However, the event that the UE synchronisation timer expires or that an accurate UE location is not available for the UE to do autonomous TA pre-compensation means the UE have already failed (the UE is aware of the UL synchronisation timer, and thus when the SIBs need to be reacquired and for how long the UE location needs to be accurate). At this late stage in the work item, we do not need to optimize the performance for this scenario, by adding an extra timer before RLF is triggered. 
[bookmark: _Toc92745113][bookmark: _Toc92745130][bookmark: _Toc92787242][bookmark: _Toc92787259][bookmark: _Toc92794778][bookmark: _Toc92794795][bookmark: _Toc92797865][bookmark: _Toc92797882][bookmark: _Toc92797926][bookmark: _Toc92797940][bookmark: _Toc92798004][bookmark: _Toc92798018]If the UL synchronization timer expires, the UE stop all uplink transmissions and triggers RLF. 
[bookmark: _Toc92745114][bookmark: _Toc92745131][bookmark: _Toc92787243][bookmark: _Toc92787260][bookmark: _Toc92794779][bookmark: _Toc92794796][bookmark: _Toc92797866][bookmark: _Toc92797883][bookmark: _Toc92797927][bookmark: _Toc92797941][bookmark: _Toc92798005][bookmark: _Toc92798019]If the UE fails to acquire an accurate UE location to be used in the calculation of the full TA, the UE stop all uplink transmissions and trigger RLF. 

Updates of UE-gNB RTT
The timers that are dependent on the UE-gNB RTT will need to be updated when the UEs estimated full TA is updated. 
For example, drx-HARQ-RTT-TimerDL: in terrestrial networks, the gNB can configure it and as soon as the gNB have received the HARQ ACK/NACK it may send a new assignment based on the feedback, that is the gNB do not need to model this timer. 
Is the starting of the drx-HARQ-RTT-TimerDL in NTNs sufficiently accurate that gNB can assume it can always send an assignment based on the received HARQ feedback? 
[bookmark: _Toc91176443][bookmark: _Toc91176459][bookmark: _Toc91176639][bookmark: _Toc91176655][bookmark: _Toc91176819][bookmark: _Toc91176835][bookmark: _Toc92744042][bookmark: _Toc92744059][bookmark: _Toc92745115][bookmark: _Toc92745132][bookmark: _Toc92787244][bookmark: _Toc92787261][bookmark: _Toc92794780][bookmark: _Toc92794797][bookmark: _Toc92797867][bookmark: _Toc92797884][bookmark: _Toc92797928][bookmark: _Toc92797942][bookmark: _Toc92798006][bookmark: _Toc92798020]RAN2 to discuss if there is a need to specify how or when timers that use the UE-gNB RTT shall be updated.

Conclusion
[bookmark: _Hlk79077727][bookmark: _Hlk16780604]Here we present a combined list of the observations and proposals, and after it there is a list of only the proposals.
Proposal 1	Consider making the new section 5.XX into a subsection of 5.4 and remove the new MAC CE triggering in 5.1.3a and 5.1.4.
Proposal 2	Consider the following text proposal for the section 5.4.XX:
Proposal 3	The priority of the new MAC CE in the prioritization list in the MAC spec section 5.4.3.1.3 shall be lower than “Configured Grant Confirmation MAC CE or BFR MAC CE or Multiple Entry Configured Grant Confirmation MAC CE” and higher than “Sidelink Configured Grant Confirmation MAC CE”.
Proposal 4	When information about the UE specific TA pre-compensation is reported in a MAC CE, the reporting quantity is the [cell-specific-Koffset – TTA]/[slot length] rounded down to closest integer and where all quantities are expressed in the same unit of time, for example seconds.
Observation 1	Using [cell-specific-Koffset – TTA]/[slot length] give a limited range for the TA report without the need to configure a reporting range that depends on the constellation and without using a very large report.
Proposal 5	The new MAC CE format for TA reporting during random access uses one field of fixed 8 bits size.
Proposal 6	The quantity used by the UE to trigger TA reports is Qta = [Koffset – TTA] expressed in seconds, where Koffset is the cell-specific-TA (or UE-specific-TA if configured) and TTA is the full TA.
Proposal 7	The UE may be configured with two thresholds to trigger TA reports based on Qta. ThDown triggers a TA report if Qta < ThDown. ThUp triggers a TA report if Qta > ThUp.
Observation 2	The advantages of using Qta = [UE-specific-Koffset – TTA] and two thresholds Qta < ThDown and Qta > ThUp to trigger TA reports is: 1) no report will be triggered unless there is a need to update the UE-specific-Koffset 2) no need for the UE to determine/guess and store a “last successfully reported TA” 3) no need to update the “last successfully reported TA” when an updated Koffset is received (useful in scenarios when gNB can predict the TTA of the UE, for example when UE location is known, or in Earth Fixed cells when satellite has moved a certain distance).
Proposal 8	RAN2 to discuss the case a TBS can fit all data if a new TA report MAC CE is not included, whether the UE shall then not send the new TA report MAC CE.
Proposal 9	The gNB can request the UE to report TA in connected mode.
Observation 3	When TA reports use slot granularity, observers can still accurately estimate the UE position from multiple reports towards multiple satellites. Thus, using MAC CE to report TA value has privacy issues.
Observation 4	The event triggered reporting of TA can be integrated in the existing Event based measurement framework that uses RRC signalling.
Observation 5	If the UE reports the TA value, the gNB can accurately estimate the UE position. Thus, there is no point in not reporting the UE position from a privacy perspective.
Observation 6	With the UE position and the satellite ephemeris, the gNB can predict TA variations with less signalling than when the UE report TA or the UE report TA+TA drift.
Observation 7	The UE position is useful to receive in the gNB to improve Tracking Area selection and to improve the Radio Resource Management.
Proposal 10	If the information about UE specific TA pre-compensation in connected mode is the UE position, then the event triggered report of information about the UE specific TA pre-compensation can be the same as in Proposal 6 and Proposal 7 but the reported quantity can be the UE location.
Proposal 11	RAN2 to discuss the UE specific Koffset MAC CE name and whether it uses an LCID or eLCID.
Observation 8	If the UL synchronisation timer expires, the UE must stop all uplink transmissions.
Observation 9	If the UE fails to acquire an accurate UE location to be used in the calculation of the full TA, the UE must stop all uplink transmissions. The detection and frequency of UE updates of UE location is left to UE implementation.
Proposal 12	If the UL synchronization timer expires, the UE stop all uplink transmissions and triggers RLF.
Proposal 13	If the UE fails to acquire an accurate UE location to be used in the calculation of the full TA, the UE stop all uplink transmissions and trigger RLF.
Proposal 14	RAN2 to discuss if there is a need to specify how or when timers that use the UE-gNB RTT shall be updated.

Here is a separate list of the proposals: 
Proposal 1	Consider making the new section 5.XX into a subsection of 5.4 and remove the new MAC CE triggering in 5.1.3a and 5.1.4.
Proposal 2	Consider the following text proposal for the section 5.4.XX:
Proposal 3	The priority of the new MAC CE in the prioritization list in the MAC spec section 5.4.3.1.3 shall be lower than “Configured Grant Confirmation MAC CE or BFR MAC CE or Multiple Entry Configured Grant Confirmation MAC CE” and higher than “Sidelink Configured Grant Confirmation MAC CE”.
Proposal 4	When information about the UE specific TA pre-compensation is reported in a MAC CE, the reporting quantity is the [cell-specific-Koffset – TTA]/[slot length] rounded down to closest integer and where all quantities are expressed in the same unit of time, for example seconds.
Proposal 5	The new MAC CE format for TA reporting during random access uses one field of fixed 8 bits size.
Proposal 6	The quantity used by the UE to trigger TA reports is Qta = [Koffset – TTA] expressed in seconds, where Koffset is the cell-specific-TA (or UE-specific-TA if configured) and TTA is the full TA.
Proposal 7	The UE may be configured with two thresholds to trigger TA reports based on Qta. ThDown triggers a TA report if Qta < ThDown. ThUp triggers a TA report if Qta > ThUp.
Proposal 8	RAN2 to discuss the case a TBS can fit all data if a new TA report MAC CE is not included, whether the UE shall then not send the new TA report MAC CE.
Proposal 9	The gNB can request the UE to report TA in connected mode.
Proposal 10	If the information about UE specific TA pre-compensation in connected mode is the UE position, then the event triggered report of information about the UE specific TA pre-compensation can be the same as in Proposal 6 and Proposal 7 but the reported quantity can be the UE location.
Proposal 11	RAN2 to discuss the UE specific Koffset MAC CE name and whether it uses an LCID or eLCID.
Proposal 12	If the UL synchronization timer expires, the UE stop all uplink transmissions and triggers RLF.
Proposal 13	If the UE fails to acquire an accurate UE location to be used in the calculation of the full TA, the UE stop all uplink transmissions and trigger RLF.
Proposal 14	RAN2 to discuss if there is a need to specify how or when timers that use the UE-gNB RTT shall be updated.
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