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Introduction
In the previous RAN1 meetings, timing relationship enhancements in NTN were discussed. We will further discuss the enhancements in this contribution.
Discussion
Cell-specific  update
Both cell-specific K_offset and UE-specific K_offset are supported in NTN. And K_offset needs to be updated after initial access. Cell-specific K-offset carried in the SIB will also be updated periodically due to the changing of common TA especially in LEO scenario. Therefore, cell-specific K-offset updating through the SI message updating procedure shall also be considered.
Observation 1: The cell-specific K-offset carried in the SIB will also be updated periodically due to the changing of common TA especially in LEO scenario.
Proposal 1: Support cell-specific K-offset updating through the SI message updating procedure. 
About the timeline that cell-specific K-offset updating, we want to give a further clarification here. As shown in Fig.1, After gNB sends the SIB indicating a new cell-specific K-offset, i.e., Koffset_new, the first UL transmission scheduled by gNB after the SIB should ensure that the gap between the time the furthest UE receiving the SIB and the actual UL transmission time after apply timing advance, i.e., Tgap meets the time requirement for UL transmission preparation. We denote t0 as the time of 1st UL transmission scheduled with Koffset_new. However, it is not simply that before t0 gNB should use the cell-specific old K-offset, i.e., Koffset_old to detect the UL transmission and after t0 gNB should use Koffset_new. For example, if Koffset_old is greater than Koffset_new, gNB can send the DL signalling before the updating SIB to schedule the UL transmission with Koffset_old, which can be located after t0. Denoting the time that last UL transmission with Koffset_old as t1 which is greater than t0 if Koffset_old is greater than Koffset_new, we can see that between t0 and t1, scheduling conflicts might happen that two UL transmissions scheduled by Koffset_old and Koffset_new, respectively occur on the same slot. In our observation, the impact of this kind of conflict needs a further study to see whether a necessary method should be introduced to avoid such conflicts. 
[image: ]
Fig. 1 timing relationship of UL transmission after updating cell-specific K-offset through SIB
Observation 2: For cell-specific K-offset updating from Koffet_old to Koffset_new through SIB, it is not simply that before t0 gNB should use the Koffset_old to detect the UL transmission and after t0 gNB should use Koffset_new, where t0 denotes time of the first UL transmission scheduled after the updating SIB.  
Observation 3: If Koffset_old is greater than Koffset_new, scheduling conflicts might happen that two UL transmissions scheduled by Koffset_old and Koffset_new, respectively, occur on the same slot.
Proposal 2: FFS the issue of conflict period caused by the incident that Koffset_old is greater than Koffset_new. 
[bookmark: _Hlk87022701]Timing relationship between PDCCH and ordered RACH transmission
	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.


According to discussion in last meeting, the majority agree to use cell-specific K-offset in the timing relationship between PDCCH and ordered RACH transmission. We restate our view to support to adopt cell-specific K-offset here. Based on the agreements in the meeting RAN1#105e, only cell-specific K-offset is used for the timing of uplink transmissions during the RACH procedure regardless the contention type, we prefer to also use the cell-specific K-offset for consistency and higher reliability. 
Observation 4: Based on the agreements in the meeting RAN1#105e, only cell-specific K-offset is used for the timing of uplink transmissions during the RACH procedure regardless the contention type.
Proposal 3: Support to use cell-specific K-offset in the timing relationship of PDCCH ordered RACH. 
UE-specific TA pre-compensation reporting
The following agreement was reached in the RAN2 #115e meeting:
	1. UE specific TA reporting during RACH procedure is enabled/disabled by SI (FFS for RACH in connected mode)
2. 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).
3. Reporting on the information about UE specific TA in connected mode is supported, FFS via RRC signalling or MAC CE
4. 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
5. 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).
6. Information about UE specific TA pre-compensation is not reported in RA procedures triggered due to “Request for Other SI”


RAN needs to discuss the content and frequency for reporting the UE specific TA pre-compensation based on the agreements from RAN2. Although the content of TA reporting has been agreed in slot granularity in last meeting, the frequency of TA reporting still needs FFS in RAN1 from our perspective. 
In RAN2, UE specific TA reporting during RACH procedure is enabled/disabled by SI at least for the initial access. However, the procedure of reporting TA in the RRC connected mode is not clear enough for RAN1. For example, it is not clear whether other TA reporting method other than RACH procedure-based method is supported. Although it is not RAN1’s work to decide the TA reporting method, but it is highly related to the frequency of UE TA reporting. From our view, it should avoid triggering RACH procedure only for TA reporting in NTN since the RACH procedure is quite time-cost. Therefore, for UEs in RRC connected mode, event trigger and network request defined for triggering RACH procedure for conventional RACH-triggering issues like RRC re-establishment, can be adopted for reporting TA. The network request would be limited to the PDCCH order and RRC signalling triggering RACH if only RACH procedure-based TA reporting method is supported. However, if other procedure like BSR can be adopted to report UE TA, the event trigger, network request and periodic reporting can all be supported regarding the UE TA can be piggybacked onto the available PUSCH like BSR. We summary our view regarding the TA reporting frequency in the following Table1. Views on the TA reporting frequency regarding different UE TA reporting procedures.
	UE TA reporting procedure for RRC connected mode
	UE TA Reporting frequency 

	
	Event trigger
	Network request 
	Periodic reporting  

	(1) RACH procedure for conventional RACH-triggering issues like RRC re-establishment, UL synchronization, etc.
	supported
	Supported, while the network request would be limited to the PDCCH order and RRC signalling triggering RACH
	Not supported 

	(2) RACH procedure only for reporting UE TA
	Not supported 
	Not supported
	Not supported

	(3) other procedure like BSR to report UE TA
	supported
	Supported 
	Supported 


Observation5: For UEs in RRC connected mode, it should avoid triggering RACH procedure only for TA reporting in NTN since the RACH procedure is quite time-cost. 
Proposal 4: Send LS to RAN2 to confirm the TA reporting procedure for UEs in RRC connected mode, which is highly related to the TA reporting frequency determination RAN1 is working at. 
Proposal 5: For TA reporting frequency for UEs in RRC connected mode:
1) if RACH procedure for conventional RACH-triggering issues (e.g., RRC re-establishment) is adopted, event trigger and network request defined to trigger conventional RACH, are supported
2) if procedure other than RACH procedure (e.g., BSR-like procedure) is adopted, event trigger, network request and periodic reporting can all be supported
3) RACH procedure only for TA reporting should be avoided. 
Conclusion
In this contribution, we discussed more detailed enhancements about the timing relationship to support NTN. The following observation and proposals are reached:
Observation 1: The cell-specific K-offset carried in the SIB will also be updated periodically due to the changing of common TA especially in LEO scenario.
Proposal 1: Support cell-specific K-offset updating through the SI message updating procedure. 
Observation 2: For cell-specific K-offset updating from Koffet_old to Koffset_new through SIB, it is not simply that before t0 gNB should use the Koffset_old to detect the UL transmission and after t0 gNB should use Koffset_new, where t0 denotes time of the first UL transmission scheduled after the updating SIB.  
Observation 3: If Koffset_old is greater than Koffset_new, scheduling conflicts might happen that two UL transmissions scheduled by Koffset_old and Koffset_new, respectively, occur on the same slot.
Proposal 2: FFS the issue of conflict period caused by the incident that Koffset_old is greater than Koffset_new. 
Observation 4: Based on the agreements in the meeting RAN1#105e, only cell-specific K-offset is used for the timing of uplink transmissions during the RACH procedure regardless the contention type.
Proposal 3: Support to use cell-specific K-offset in the timing relationship of PDCCH ordered RACH. 
Proposal 4: Send LS to RAN2 to confirm the TA reporting procedure for UEs in RRC connected mode, which is highly related to the TA reporting frequency determination RAN1 is working at. 
Proposal 5: For TA reporting frequency for UEs in RRC connected mode:
4) if RACH procedure for conventional RACH-triggering issues (e.g., RRC re-establishment) is adopted, event trigger and network request defined to trigger conventional RACH, are supported
5) if procedure other than RACH procedure (e.g., BSR-like procedure) is adopted, event trigger, network request and periodic reporting can all be supported
6) RACH procedure only for TA reporting should be avoided. 
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