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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
UE specific  update
The following agreements have been reached for UE specific  update in the previous meeting:
 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

It was observed that updating of UE specific  could be frequent in some cases and be rare in other cases. For GEO, the updating of UE specific  could be rare. For LEO, the update frequency of UE specific  depends on the movement of the satellite, UE, and etc. Considering the requirements in different scenarios, it is proposed to support three options for UE specific  updating: RRC reconfiguration, MAC CE, RRC reconfiguration and MAC CE in the specification. gNB could decide the signal based on actual implementation.
Proposal 1: Support three options for UE specific  updating: RRC reconfiguration, MAC CE, RRC reconfiguration and MAC CE in the specification.
Cell-specific  update
The following agreement was reached in the RAN1 #105e meeting:
	Agreement:
The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported


Both cell-specific K_offset and UE-specific K_offset are supported in NTN. And K_offset needs to be updated after initial access. Potential solutions for updating UE-specific K_offset include RRC reconfiguration and MAC CE based methods. However, 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. 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 2: Support the cell-specific K-offset updating through the SI message updating procedure. 
[bookmark: _GoBack][bookmark: _Hlk83819857]In terrestrial network, if the SI message is going to get updated, a modification period is used, i.e. updated SI message (other than SI message for ETWS, CMAS and positioning assistance data) is broadcasted in the modification period following the one where SI change indication is transmitted. When a UE receives the SI change indication in a modification period, it will apply the SI acquisition procedure starting from the next modification period. Generally, after receiving the updated SI, UE will apply the new configuration conveyed by the updated SI. And at the gNB, it will process the DL and UL signals based on the new configuration after sending the updated SI. However, in NTN, since the RTT between gNB and UE is quite long, after sending the updated SI, it should wait minimum RTT to apply the new configuration in the updated SI. For example, if a new K_offset is indicated in the updated SI, gNB still has to use the old K_offset to detect UL signal in the duration from  to ,where  is the time of sending out the updated SI at gNB,  is the minimum RTT between gNB and the closest UE. As shown in Fig.1, the latest time that gNB can adopt the new K_offset to detect UL signal is after ,where  is the maximum RTT between gNB and the furthest UE. While in the duration between and , it will be confused for gNB to use whether new K_offset or old K_offset to receive UL signal, since the UE-specific TA might not be all available at gNB and thus gNB is not able to precisely estimate the RTT associated to all UEs. Therefore, gNB needs to use blind-detection based on both new K_offset or old K_offset in the confusion period, otherwise it leads to miss detections. 
In TN, such negative impact can be ignored since the confusion duration which is usually twice the maximum differential propagation delay is quite small, and data retransmission is not time-cost if miss detection happens. However, for NTN, it is necessary to re-evaluate the negative impact since data retransmission should be avoid due to the large propagation delay. If the negative impact needs to be avoided for NTN, a timing offset can be introduced here to indicate the activation time of the cell-specific K_offset for UEs after initial access.  



Fig. 1 Timing relationship for updating cell-specific K_offset through SI updating procedure.
Observation 2: After sending SI with a new K_offset at , there is confusion period between and  for gNB to use whether new K_offset or old K_offset to receive UL signal, since the UE-specific TA might not be all available at gNB. It will further lead to blind detection at gNB in the the confusion period. 
Proposal 3: FFS whether to introduce K_offset here to indicate the activation time of the updated cell-specific K_offset in SI for UEs after initial access to avoid blind detection at gNB in the confusion period. 
 usage
For the application of  in system information, there are the following agreement in the last meetings.
Agreement:
The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported

During initial access, in the transition period of RRC reconfigurations, during handover procedure, and etc, gNB and UE may have inconsistent understanding of UE-specific propagation delay or the updated UE-specific  may be outdated and could not cover the current UE-gNB RTT. Therefore, it is proposed to use the signaled  in system information in these procedures. Since fallback DCI is usually used in these procedures while non-fallback DCI always operates when UE is well connected with proper RRC configuration operates, it is proposed to use cell-specific  for the timing relationships related to fallback DCI formats and use updated  for the timing relationships related to non-fallback DCI formats.
Proposal 4: Use cell-specific  for the timing relationships related to fallback DCI formats and use updated  for the timing relationships related to non-fallback DCI formats.
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.


In last meeting, it has agreed that a K_offset is introduced in the PDCCH ordered RACH procedure for UE determining the next available PRACH occasion after receiving the PDCCH order. Whether to use cell-specific K_offset or UE-specific K_offset needs FFS. 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 here for consistency and higher reliability. 
Observation 3: 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 5: Support to use cell-specific K_offset in the timing relationship of PDCCH ordered RACH.
[bookmark: _Hlk83978522]Regarding the issue of impact due to the validity of K_offset, we think the  timing relationship is not impacted by UE behavior at least within the validity duration. As for the time after validity duration, we think UE should avoid it and update K_offset in time through good implementation before the validity timer expires. Otherwise, the UL transmissions would be interrupted in the duration from the expiration time to the time of receiving the updated K_offset. If to study the timing relationship when K_offset is outdated, we should not limit it under the discussion of timing relationship in the PDCCH ordered RACH, and prefer introducing this issue in a general procedure of UL transmission scheduled by DL signaling, where K_offset is also adopted.  
Observation 4: UE should update K_offset in time to avoid interrupting the UL transmission from the expiration time to the time of receiving the updated K_offset. 
Proposal 6: UE does not expect to wait for updating K_offset until it is outdated. 
Proposal 7: Propose to study the timing relationship when K_offset is outdated in a general procedure of UL transmission scheduled by DL signaling, where K_offset is adopted. 
On K1 range extension
The following agreement was reached in the RAN1 #104bis-e meeting:
Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
· FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.

In the current specification, the range of K1 is [0,15] and the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI is 3 bits. This translates into the timing gap between PDSCH and HARQ-ACK could be one value from 8 configured K1 values in [0,15]. For the trial ATG network stated in [2] which K1 range extension was justified needed, if the current mechanism is reused without enhancements, the 8 values of K1 should cover different segments within [0,31] to guarantee DL scheduling. That is, the timing gap between PDSCH and HARQ-ACK would be one value from 8 configured K1 values in [0,31]. Obviously, scheduling flexibility would be impacted. Extending K1 was introduced mainly for the trial ATG network. Adding new bit in the DCI would impact the coverage and backward compatibility. It is not preferred from our point to at this time. Implicit indication could be considered to avoid extending the bit width of DCI.
Proposal 8: Enhance the HARQ-ACK timing indication without extending the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
One implicit way is to configure two sets of candidate K1 values by higher layer parameters as shown in the Fig.2 below. The slot index of scheduled PDSCH is used to decide one candidate K1 set implicitly. Then extending the size of the PDSCH-to-HARQ_feedback timing indicator could be avoided. In the stated trial ATG network, for PDSCH in DL slot 0~16, the indicated value is one from [16,31]. For PDSCH in DL slots 17~30, the indicated value is one from [1,15]. With this implicit indication, the bit size of PDSCH-to-HARQ_feedback timing indicator field in DCI could be kept while scheduling flexibility could also be kept.


Fig. 2	K1 configuration and indication
Proposal 9: Configure two sets of candidate K1 values. The slot index of scheduled PDSCH is used to decide one candidate K1 set. 
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”



RAN1 still needs to discuss the content and frequency for reporting the UE specific TA pre-compensation based on the agreements from RAN2. The initial intention of introducing UE TA reporting is to help gNB assign a suitable UE-specific K_offset and thus to improve the UL transmission efficiency. Regarding the corresponding content design, we prefer to use the content with low signalling cost and the capability to achieve the initial intention. Therefore, the UE-specific TA  or the difference between UE-specific K_offset and cell-specific K_offset in the granularity of slot can be considered. 
Proposal 10: Support to report the UE-specific TA  or the difference between UE-specific K_offset and cell-specific K_offset in the granularity of slot. 
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 views in the following Table1.
Table 1 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 11: 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 12: 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:
Proposal 1: Support three options for UE specific  updating: RRC reconfiguration, MAC CE, RRC reconfiguration and MAC CE in the specification.
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 2: Support the cell-specific K-offset updating through the SI message updating procedure
Observation2: After sending SI with a new K_offset at , there is confusion period between and  for gNB to use whether new K_offset or old K_offset to receive UL signal, since the UE-specific TA might not be all available at gNB. It will further lead to blind detection at gNB in the the confusion period. 

Proposal 3: FFS whether to introduce K_offset here to indicate the activation time of the updated cell-specific K_offset in SI for UEs after initial access to avoid blind detection at gNB in the confusion period. 
Proposal 4: Use cell-specific  for the timing relationships related to fallback DCI formats and use updated  for the timing relationships related to non-fallback DCI formats.
Observation 3: 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 5: Support to use cell-specific K_offset in the timing relationship of PDCCH ordered RACH.
Observation 4: UE should update K_offset in time to avoid interrupting the UL transmission from the expiration time to the time of receiving the updated K_offset. 
Proposal 6: UE does not expect to wait for updating K_offset until it is outdated. 
Proposal 7: Propose to study the timing relationship when K_offset is outdated in a general procedure of UL transmission scheduled by DL signaling, where K_offset is adopted. 
Proposal 8: Enhance the HARQ-ACK timing indication without extending the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Proposal 9: Configure two sets of candidate K1 values. The slot index of scheduled PDSCH is used to decide one candidate K1 set. 
Proposal 10: Support to report the UE-specific TA  or the difference between UE-specific K_offset and cell-specific K_offset in the granularity of slot. 
Observation 5: 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 11: 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 12: 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. 
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