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Introduction
At RAN2#113bis_e the reporting of TA was discussed with the following agreements
1. At least for uplink scheduling adaptations, the UE may report information about the UE specific TA pre-compensation. The exact information and frequency of reports depend on RAN1 outcome. FFS on when/how to report.
[Post113bis-e][000] “It is FFS whether the UE reports the UE specific TA pre-compensation at the RACH procedure (MSG3 or MSG5) using a MAC CE. Actual content is FFS and also depends on further RAN1 input. Configurability is FFS”

Further, the Agenda item 8.10.2.1 says: 
This agenda item will be deprioritized during this meeting. The only discussion will be on resolving the first FFS (and in case the last) in: "[Post113bis-e][000]: It is FFS whether the UE reports the UE specific TA pre-compensation at the RACH procedure (MSG3 or MSG5) using a MAC CE. Actual content is FFS and also depends on further RAN1 input. Configurability is FFS"
Here we discuss the FFSs.
Reporting UE specific TA pre-compensation 
Here we discuss why information about UE specific TA pre-compensation shall be reported, what shall be reported, when to report, and how to update broadcasted and UE individual Koffset. 
Why to report information about UE specific TA pre-compensation
The purpose for the gNB to know the TA/position is that gNB may update the timing of scheduling to minimize the UL/DL HARQ RTT or the UL one-way delay. 
RAN1 defined that if a PDSCH is received in DL slot n, then HARQ feedback is transmitted in UL slot n+Koffset+k1. Further, if a grant is received in DL slot n, then the PUSCH transmission is in UL slot n+Koffset+k2. 
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The Koffset may be tuned to match the full TA (RAN1 agreement supports updating Koffset after initial access), or adapt k1/k2, such that Koffset+k1/Koffset+k2 matches the TA and time needed for the UE to process an assignment/grant.
Adapting may have the following benefits:
· Koffset+k2: decreasing the UL delay and UL HARQ RTT for all dynamic grants 
· Koffset+k1, decreasing the DL HARQ RTT when DL HARQ feedback is enabled
This may decrease the UL delay, and the UL and DL HARQ RTT for UEs that are not experiencing the maximum propagation RTT in a cell. 
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The possible one-way delay saving is related to the maximum differential delay over a cell (using values from the TR 38.821 [1]):
10.3 ms or 10.3/270.73 = 3.8% for UE at shortest delay in GEO 
3.18 ms or 3.18/20.89 = 15.2% for UE at shortest delay in 1200 km LEO 
3.12 ms or 3.12/12.89 = 24.2% for UE at shortest delay in 600 km LEO
When the satellite moves, the propagation RTT for each UE may change considerably. If there are many users in a cell, there will be users experiencing different RTTs. To adapt Koffset values to each users RTT, we need to have 7 different Koffset values in LEO and 21 in GEO assuming a slot of 1 ms (SCS 15 kHz). Higher SCS and shorter slots will require more Koffset values to adapt for each users RTT. 
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Only in cells far from satellite nadir, and within those cells, only in a part of the coverage area there is a potential delay gain. Cells close to nadir will have smaller differential delays, and smaller potential gain by utilizing TA/position reporting. 
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What to be reported about UE specific TA pre-compensation 
To enable the gNB to track the TA that the UE will use as the satellite moves, the TA reporting may have to include a TA drift value, estimated by the UE, to lower the TA reporting rate. 
Note that reported TA can be used by the gNB to estimate the position of the UE. One sample of the TA will give a circle on earth’s surface, a few samples during a connection will give two possible points for the UE position, and if samples are from different satellites or if combined with measurement reports on other satellites, the UE position is known. Further if TA and TA drift is reported, one sample of TA+TA drift will give two points on earth’s surface, and if samples are from different satellites or if combined with measurement reports on other satellites, the UE position is known. More samples will in both cases increase the accuracy.
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Thus, for privacy reason the TA reporting or position reporting is better done using encrypted messages, that is, using RRC after security have been activated. 
If TA reporting is done using MAC CEs, it is better to not report often and not having fine-grained TA report.
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As the gNB can accurately estimate the position of the UE from the TA. Reporting the UE position instead of the TA has the advantage that gNB can use the satellite ephemeris to accurately predict how the TA will change, and thus the UE position reporting frequency can be lower or UE position reporting can be triggered by 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. Reporting UE position may however be controversial due to privacy issues. 
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When to update UE individual Koffset 
With the why and the what of reporting TA pre-compensation established, the question is when the gNB shall update the individual Koffset to the UE. 
From the satellite we can imagine iso-delay curves as circles around the satellite nadir on the surface of the earth (that is, a curve with the same propagation delay to the satellite). Each Koffset corresponds to a certain maximum TA and thus to a certain iso-delay curve. 
We can have one iso-delay curve for each Koffset, all UEs inside of the iso-delay line for a certain Koffset can use that Koffset. 
As the satellite moves, the delay will change for all UEs in a cell at the same time, but not all UEs in a cell will pass the iso-delay line for the Koffset it is using. 
The gNB must know when a new Koffset takes effect to know which slot to schedule the UE UL for and to know in which slot DL HARQ feedback will be received in. 
MAC CE signalling is usually faster than RRC but less reliable. 
If RRC signalling is used to update Koffset, the exact timing for when Koffset change takes effect after the reception of the RRC message is not known. There will be an ambiguity period where gNB do not know what Koffset the UE will apply for its UL transmissions.
If MAC CE signalling is used to update Koffset, there are RAN1 discussions ongoing on when a MAC CE shall take effect for UL respectively for DL. As the gNB need to know what Koffset is used, it is better that the gNB receives an ACK for the PDSCH transmission before the change of Koffset is applied to avoid UE and gNB having different understanding of what Koffset to use (as that may create excess UL interference and/or DL HARQ feedback not being received). Therefore, it is better to base the change of Koffset on the DL MAC CE timing being discussed in RAN1 where the gNB receives the DL HARQ feedback before the new Koffset takes effect. 
Figure 1 and 2 illustrates one possible solution that RAN1 may select where 1 slot  = 1 ms, D1 is the PDSCH carrying a MAC CE for updating Koffset, A1 is the HARQ feedback for D1, DC is the DL slot where a MAC CE command for DL takes effect, UC is the UL slot where a MAC CE command for UL takes effect, TA1 is the timing advance of UE1, Koffset+k1 is the timing between the D1 and the HARQ feedback, and Kmac is the difference between the UL and DL timing at the gNB. As noted above, for updating Koffset it is best to use the DL command MAC CE timing. 
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Figure 1 DL and UL MAC CE commands (UL-DL aligned at gNB)
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Figure 2 DL and UL MAC CE commands (UL-DL aligned at reference point)

In legacy, a MAC CE DL command takes effect 3 slots + 1 slot after the gNB receives the HARQ feedback, this probably means that in NTNs the Koffset may take effect earliest after one DL HARQ RTT plus 3 slots but the details are discussed in RAN1. 
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For UEs in connected mode, if the UE reports information about UE specific TA pre-compensation in the Msg3/MsgA, the delay after gNB receives the report until an updated Koffset can take effect will be at least one DL HARQ RTT plus 3 slots. If Msg3/MsgA contains a BSR indicating only little UL data, the gNB may send grants immediately after decoding Msg3/MsgA and be finished before a changed Koffset takes effect. The same is true if gNB has only little DL data to send to the UE and the gNB needs to send a PDCCH order resync, the assignments may be sent immediately after decoding of Msg3/MsgA. 
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When Koffset is increased by X slots there will be X UL slot that cannot be scheduled with UL data. The first Koffset update after access will be to decrease Koffset, after that the normal step of Koffset shall be +/-1. 

When to report information about UE specific TA pre-compensation 
The coverage may decrease if reporting during RACH procedure, alternatively the gNB must allocate more resources (more frequency resources assuming the coding keep the same robustness) for the Msg3 while Msg5 may either use more frequency resources or be segmented. Thus, it may be beneficial to wait with the TA report until the gNB have received an PHR and have had time to act on the PHR. 
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When to update broadcasted Koffset
In GEO the changes of propagation RTT when the satellite moves are small and there shall be no need to update the broadcasted Koffset often, therefore in this section we consider LEO.
With earth moving cells, the gNB knows the maximum propagation RTT in each cell and can broadcast a Koffset that suits the individual cell. This Koffset will be updated very seldom, if at all. 
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For earth fixed cells, the maximum propagation RTT and the differential delay in the cell will change when the satellite moves. 
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For the gNB to always know what Koffset a UE utilizes when doing random access, it is best to broadcast a Koffset that matches the maximum propagation RTT that will be experienced by any UEs in the cell during each satellite’s coverage of the cell. The alternative would be to page all UEs to read the system info, and this will cause extra signalling and increased UE power consumption as usually only a fraction of the UEs will need to do random access. 
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Network impact from handling separate Koffset per UE
It may not seem like a serious issue for the network to handle UE specific Koffset, but there are complexity issues, QoS issues and spectral efficiency issues.
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Figure 3 UEs using individual Koffset+k2 (UL-DL aligned at gNB)
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Figure 4 UEs using individual Koffset+k2 (UL-DL aligned at reference point)

In figure 3 and 4 we have illustrated the UL in the case that the gNB adapts Koffset with UL/DL alignment at the gNB and at the reference point (RP, for example at the satellite), respectively. The HARQ process number is indicated by the numbers in the grant (G1, G2, etc.) or in the UL transmission (T1, T2, etc.).
When grants for UE1 and UE2 are sent in the same slot, the corresponding UL transmissions are not received in the same UL slot, that is the gNB scheduler cannot schedule all UEs that are to be received in the same UL slot at the same occasion. 

To summarize the issues:
· Coverage, if info about UE specific TA pre-compensation is reported during random access
· Higher resource usage and less spectral efficient transmissions (i.e., more data before a first PHR have been received from the UE)
· Increased delay if some message needs segmentation due to the larger size. 
· More signalling to update a changing Koffset
· Uplink spectral efficiency loss by gNB handling UEs with different HARQ RTT 
· gNB cannot schedule all users that will be received in the same slot at the same time because the grants are sent at different times (up to 7 different HARQ RTTs in LEO and 21 in GEO) 
· The longest RTT UE is scheduled first, and gNB must either (both may have QoS issues)
· guess on if there will be any future UE with shorter RTT that would like to transmit in the same UL slot
· let the first UE (the UE with longest RTT) grab all UL resources (QoS for short RTT UEs may suffer)
· Potential DL and UL QoS issues
· QoS for UEs received in the same UL slot cannot be traded off versus each other if each are scheduled at different points in time 
· If the PDCCH resources limit the QoS, the trade-off for PDCCH resources between UL and DL, and between different UL UEs will be different 
· gNB complexity from signalling, managing, and scheduling individual Koffset per UE
· Each gNB may handle thousands of users that may need to be treated each scheduling occasion with a big complexity increase, see previous two points
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Conclusion
[bookmark: _Hlk16780604]We made the following observations and proposals:
Observation 1	Koffset affects both UL and DL scheduling.
Observation 2	For UL where a UE is not experiencing the maximum propagation RTT, the UE reporting the TA/position enables the gNB to adapt Koffset+k2 to match the TA and decrease the delay for all dynamic UL grants and the UL HARQ RTT.
Observation 3	For DL where a UE is not experiencing the maximum propagation RTT, the UE reporting the TA/position enables the gNB to adapt Koffset+k1 to match the TA and decrease the DL HARQ RTT when DL HARQ feedback is enabled.
Observation 4	A UE may experience different UL delay and UL/DL HARQ RTT as the satellite moves.
Observation 5	Only UEs not experiencing the maximum propagation RTT have a potential gain from adapting Koffset.
Observation 6	To minimize the UL scheduling delay and the UL/DL HARQ RTT in a GEO cell with 1 ms slots, up to 21 different Koffset values are needed and up to 7 different Koffset values in a LEO cell. For Higher SCSs the number of Koffset values needed will be even larger.
Observation 7	Not all UEs in a cell and not all cells of a satellite will have a gain by adapting Koffset compared to all UEs in a cell using the same Koffset.
Observation 8	The UE reported TA can be used to accurately estimate the UE position.
Observation 9	Reporting TA and TA drift will give faster estimation of UE position.
Observation 10	Reporting TA or UE position in a MAC CE will enable any entity to estimate the UE position.
Proposal 1	If the UE shall report during random access, then the UE reporting of information about UE specific TA pre-compensation uses MAC CE signalling.
Proposal 2	If the UE shall report after random access, then the UE reporting of information about UE specific TA pre-compensation uses RRC signalling after security has been activated.
Observation 11	With the UE position and the satellite ephemeris, the gNB can predict TA variations with less signalling than the UE reporting TA or TA+TA drift.
Observation 12	If MAC CE is used for Koffset signalling there will be a delay, of about one HARQ RTT plus 3 slots, before a new Koffset takes effect.
Observation 13	If RRC is used for Koffset signalling there will be a delay, longer than if MAC CE is used, before a new Koffset takes effect.
Observation 14	In connected mode, for cases where the UE has very little data to transmit or receive, the UE may finish the transmission/reception before an updated Koffset takes effect.
Observation 15	For both Msg3 and Msg5, coverage is an issue. Adding to the TB size may require increased frequency resources, and for Msg5 to increased delay as the gNB may need to segment the transmission.
Proposal 3	The UE shall not report information about UE specific TA pre-compensation during random access.
Observation 16	With earth moving cells, each cell can broadcast a Koffset that will not need to be changed.
Observation 17	With earth fixed cells, the maximum propagation RTT in the cell and the differential delay within the cell will change when the satellite moves.
Observation 18	With earth fixed cells, updating the broadcasted Koffset is difficult as gNB may not know when each UE reads the system information, or it causes increased signalling and UE power consumption.
Observation 19	With earth fixed cells, the Koffset broadcasted in a cell can match the maximum propagation RTT that will be experienced by any UE in the cell during the total time that the satellite coverage the cell.
Observation 20	The network impact from handling UE specific Koffset will lead to spectral efficiency loss and lower QoS fulfilment.
Proposal 4	The UE shall not report information about UE specific TA pre-compensation to the gNB.
Proposal 5	If Proposal 4 is not agreed, then the UE reporting of information about UE specific TA pre-compensation shall be under network control.
Proposal 6	If Proposal 4 nor Proposal 3 is agreed, then reporting TA during random access shall be under network control.


Here is a separate list of the proposals: 
Proposal 1	If the UE shall report during random access, then the UE reporting of information about UE specific TA pre-compensation uses MAC CE signalling.
Proposal 2	If the UE shall report after random access, then the UE reporting of information about UE specific TA pre-compensation uses RRC signalling after security has been activated.
Proposal 3	The UE shall not report information about UE specific TA pre-compensation during random access.
Proposal 4	The UE shall not report information about UE specific TA pre-compensation to the gNB.
Proposal 5	If Proposal 4 is not agreed, then the UE reporting of information about UE specific TA pre-compensation shall be under network control.
Proposal 6	If Proposal 4 nor Proposal 3 is agreed, then reporting TA during random access shall be under network control.
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