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1. Introduction
 In previous meeting, the following were agreed on timing relationship enhancements for NTNRAN1#106-e:
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
RAN2#115-e agreement
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. 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
5. Working Assumption: If the reported content of information about UE specific TA is TA pre-compensation value in connected mode, MAC CE is used to report
RAN1#105-e:
Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized.
Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.

In this contribution, we further discuss the remaining issues for timing relationship enhancements in NTN. 
2. Discussion  
2.1 K_offset update
It has been agreed that the cell-specific K_offset value can be updated after the initial access in order to reduce latency. This is due to unnecessarily large K-offset value. For GEO satellites, updates in K_offset may rarely be needed, this means that the coverage area is rarely changed over time. For LEO satellites with earth moving cells, updates in K_offset may frequently be required with a minimum of once every second. Potential relative frequent update rates for the K_offset value should be conveyed it in an efficient manner. It is possible to provide a differential UE specific K_offset value with MAC CE. Differential K_offset can reduce some overhead. However there exists some possibility of misunderstanding between UE and gNB for K_offset updated. If the UE misses one MAC-CE update or loses the message, UE carries out a new RACH procedure for re-initiated so that it can be re-initiated. as it cannot be recovered, unless the UE leaves the “UE-specific” offset state.
Proposal 1: We support that MAC CE provides a full UE specific K_offset value.
is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE location and the serving satellite ephemeris.
 The UE performs UE specific TA update by itself through open loop TA control, gNB cannot know the RTT between UE and gNB. RAN2 to agree event-triggers for reporting UE specific TA in connected mode is supported. The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA, and 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. As per UE location information change, K_offset can be modified. K1/K2 value is a parameter used for scheduling not only in NTN but also in TN. It would be better to simplify the K1/K2 parameters for scheduling and We can adjust K_offset value.
Proposal 2: K1/K2/K_offset value needs to update regarding UE specific TA change. It is better to change K_offset rather than K/1K2 value for processing.
A TA value can be reported according to a TA offset threshold where UE specific TA value may be smaller than the K_offset. On the other hand, if a TA value is greater than the K_offset value, it would not be possible to report to gNB.
Proposal 3: If TA is reported larger than K_offset, UE should perform an event-triggered report to gNB.
Proposal 4: Not only event- triggered report but also periodic event report may be needed for K_offset update. We suggest a full value for event-triggered and a differential value for periodic report.
2.2 Start of RAR window
In the RAN1#106bis-e meeting, another issue for RAR window issue has been raised. Proposals are for studying the delay or advance of the RAR window. It was agreed that gNB-satellite RTT is equal to the sum of  and K_mac in RAN1#105-e. The point of this issue is to solve the missed the RAR detection and RACH failure. Since the RTT is determined by the sum of  and K_mac, if the time changes due to the large movement of the satellite, it may be difficult to compensate N_TA . It is achievable if accumulated TA is out of range. Not only a satellite scenario but also a TN scenario may show the same condition. UE specific TA and common TA are provided for RTT. Hence It will not be feasible.
Proposal 5: This issue ought to be discussed in Rel-18 instead of discussing it additionally in Rel-17.
2.3 The unit of K_offset
In RAN1#106bis-e, the reference subcarrier spacing value was agreed for FR1, a value of 15 kHz. There can be quite many different flavors of subcarrier spacing for K_offset. we propose to use the largest SCS of data channel for each frequency range. The main purpose of using FR2 in NTN deployment scenario is data throughput. To match TN deployment scenario, we preferer 120KHz for FR2. The reference subcarrier spacing value for the unit of K_offset in FR2 is better to be 120 kHz.
Proposal 6: For the reference subcarrier spacing value for the unit of K_offset in FR2, a value of 120 kHz is used.
2.4 The unit of K_mac
In RAN1#106bis-e, the reference subcarrier spacing value was agreed for FR1, a value of 15 kHz. we propose to use the largest SCS of data channel for each frequency range. The main purpose of using FR2 in NTN deployment scenario is data throughput. To match TN deployment scenario, we preferer 120KHz for FR2. The reference subcarrier spacing value for the unit of K_offset in FR2 is better to be 120 kHz.
Proposal 7: For the reference subcarrier spacing value for the unit of K_mac in FR2, a value of 120 kHz is used.
3. Conclusion
In this contribution, we discussed on timing relationship enhancements for NTN. Based on the above discussion, we have following proposals:
Proposal 1: We support that MAC CE provides a full UE specific K_offset value.
Proposal 2: K1/K2/K_offset value needs to update regarding UE specific TA change. It is better to change K_offset rather than K/1K2 value for processing.
Proposal 3: If TA is reported larger than K_offset, UE should perform an event-triggered report to gNB.
Proposal 4: Not only event- triggered report but also periodic event report may be needed for K_offset update. We suggest a full value for event-triggered and a differential value for periodic report.
Proposal 5: This issue ought to be discussed in Rel-18 instead of discussing it additionally in Rel-17.
Proposal 6: For the reference subcarrier spacing value for the unit of K_offset in FR2, a value of 120 kHz is used.
Proposal 7: For the reference subcarrier spacing value for the unit of K_mac in FR2, a value of 120 kHz is used.
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