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1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description is updated in [1]. An overview of 3GPP non-terrestrial networks can be found in [2] and an overview of state of the art in LEO satellite access can be found in [2].
One objective of the NR NTN WI is to specify timing relationship enhancements for NTN. The discussion summary on this topic at RAN1#106-e can be found in the feature lead summary [4], and the agreements made can be found in the Appendix.
In this contribution, we discuss the remaining issues of timing relationship enhancements for NTN. 
2	On the signaling and usage of 
It was agreed at RAN1#104-e that update of K_offset after initial access is supported. The first remaining issue is about how to update K_offset after initial access. To this end, it would be cleaner if the update of  after initial access is achieved by another parameter, e.g., . 
 is updated by , where  is configured after initial access and is zero if not configured.
Similar to K_mac for MAC CE timing relationship, it is beneficial to clarify how K_offset is used for each timing relationship, which were discussed in Rel-16 NTN SI and captured in TR 38.821 [5].
· For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH), the slot allocated for the PUSCH is .
· For the transmission timing of RAR grant scheduled PUSCH, the UE transmits the PUSCH in slot .
· For the transmission timing of HARQ-ACK on PUCCH, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot .
· For the CSI reference resource timing, the CSI reference resource is given in the downlink slot .
· For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
[bookmark: _Toc83986159]Clarify how K_offset is used in each timing relationship as follows:
· [bookmark: _Toc78960120][bookmark: _Toc83986160]For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH), the slot allocated for the PUSCH is .
· [bookmark: _Toc78960121][bookmark: _Toc83986161]For the transmission timing of RAR grant scheduled PUSCH, the UE transmits the PUSCH in slot .
· [bookmark: _Toc78960122][bookmark: _Toc83986162]For the transmission timing of HARQ-ACK on PUCCH, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot .
· [bookmark: _Toc78960123][bookmark: _Toc83986163]For the CSI reference resource timing, the CSI reference resource is given in the downlink slot .
· [bookmark: _Toc78960124][bookmark: _Toc83986164]For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
3	On  value determination
It was agreed at RAN1#104bis-e that for determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
As discussed at RAN1#105-e, the signaling overhead saving in Option 2 vs. Option 1 is only about 1 bit. The ~1-bit saving might appear free but comes at the cost of many disadvantages (more complexity for UE, more specification impact, more sources of inaccuracies, scheduling restriction, etc.) Besides, the 1 bit saving in higher layer signaling is negligible.
Further as discussed at RAN1#106-e, if the value of K_offset (e.g., the first offset value in Option 2) depends on time-varying common TA, there would be a misalignment between gNB and UE about the value of K_offset.
[bookmark: _Toc83986165]For determination of cell-specific K_offset in system information, signal one offset value for K_offset.
4	On K1 range extension
The following agreement was made at RAN1#104e to extend the value range of K1 from 0-15 to 0-31.
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.

The remaining issue is about the impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI. 
Note that the purpose of K1 range extension is to allow for more flexible network scheduling in unpaired spectrum. Currently, UE can only be configured up to 8 K1 values. If the number of K1 values that can be configured to the UE is not increased, the K1 range extension itself is of little use. This is because that without increasing the number of configured K1 values, the network can hardly use the feature to enable more flexible scheduling of UE HARQ feedback in the uplink slots of the unpaired spectrum.
Given that RAN1 has agreed to increase the K1 range, in the spirit of having a well-functioning feature, we propose that the maximum number of K1 values that can be configured to a UE is increased from 8 to 16.
[bookmark: _Toc83986155]Increasing the maximum number of K1 values that can be configured to a UE from 8 to 16 will not only benefit NTN but also offer significant deployment flexibility for terrestrial 5G NR networks.
[bookmark: _Toc83986166]Increase the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16.
Next, we analyze the impact of increasing the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16 on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
· In fallback DCI 1_0, the PDSCH-to-HARQ_feedback timing indicator field has a fixed number of 3 bits. Note that, according to the existing design, if a UE is provided dl-DataToUL-ACK, the UE does not expect to be indicated by DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not belong to the intersection of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and the set of slot timing values provided by dl-DataToUL-ACK for the active DL BWP of a corresponding serving cell. As a result, increasing the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16 does not have impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI 1_0.
· In non-fallback DCI 1_1/1_2, the current size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, or 3 bits, depending on the number of entries in the higher layer parameter dl-DataToUL-ACK (which is currently up to 8). To support the increase of the maximum number of configured K1 values from 8 to 16, it is straightforward to update the field of configurable size to be 0, 1, 2, 3, or 4 bits, depending on the number of entries in the higher layer parameter dl-DataToUL-ACK (which is increased to 16).
[bookmark: _Toc83986156]The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI 1_0 is not impacted by increasing the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16.
[bookmark: _Toc83986167]In non-fallback DCI 1_1/1_2, the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits, depending on the number of entries in the higher layer parameter dl-DataToUL-ACK (which is proposed to be increased up to 16).

5	UE reporting of information about the UE specific TA pre-compensation
In RAN2 LS on LS on TA pre-compensation (R1-2104230), one of the requests is about UE reporting of information about the UE specific TA pre-compensation:
3) RAN2 respectfully requests RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE specific TA pre-compensation at least for uplink scheduling adaptation.
Note that RAN2 made much progress in this topic at RAN2#115-e. The related agreements from RAN2#115-e can be found in Appendix A and are summarized in the table below.
Table 1: Summary of RAN2#115-e agreements on UE TA/location reporting
	What to report
	When to report
	Signaling
	Configuration
	Reporting frequency

	UE TA pre-compensation value
	During RACH procedure
	MAC CE
	Enabled/disabled by SI
	During certain RACH procedures

	
	Connected mode
	MAC CE
	Configurable between UE specific TA pre-compensation and UE location info (if the latter can be reported; ow. only the former can be configured)
	Event triggered: 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

	UE location
	Coarse GNSS coordinates (for example LSBs not included) during initial access (if SA3 has no concern)
	RRC (msg5)
	Location granularity is not indicated to UE via SIB
	During initial access

	
	*Finer info in connected mode (if can be reported, e.g., user consent pending on SA3 input)
	RRC 
	Configurable between UE specific TA pre-compensation and UE location info (if the latter can be reported; ow. only the former can be configured)
	· Event triggered-based UE location reporting for obtaining UE location update
· Periodic location reporting can also be configured for obtaining UE location update
· Aperiodic location reporting (e.g., via DCI) is not supported.

	*Note: gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig, which allows the network to request the accuracy it wants on the reported information.



[bookmark: _Toc83986157]The RAN2 design of the reporting of UE TA pre-compensation value and UE location is relatively complete, with some aspects pending on SA3 input and RAN1 input.
[bookmark: _Toc83986168]Regarding the content of UE reporting of information about the UE specific TA pre-compensation, from RAN1’s perspective, the reporting of UE TA pre-compensation value and the reporting of UE location, as agreed in RAN2, can be supported.
[bookmark: _Toc83986169]For TA-based reporting, the reported UE TA pre-compensation value is the UE specific TA.
[bookmark: _Toc83986170]For location-based reporting, the reported coarse / fine UE location information is up to RAN2 to decide.
[bookmark: _Toc83986171]Regarding the frequency of UE reporting of UE TA pre-compensation value, RAN1 confirms that reporting during RACH procedure and event triggered reporting of UE TA pre-compensation value, as agreed in RAN2, are sufficient for uplink scheduling adaptation.
[bookmark: _Toc83986172]Regarding the frequency of UE reporting of UE location, RAN1 confirms that reporting of UE location during initial access, event triggered reporting of UE location in connected mode, and periodic reporting of UE location in connected mode, as agreed in RAN2, are sufficient for uplink scheduling adaptation.

Conclusion
In the previous sections, we discuss timing relationship enhancements for NTN. We made the following observations: 
Observation 1	Increasing the maximum number of K1 values that can be configured to a UE from 8 to 16 will not only benefit NTN but also offer significant deployment flexibility for terrestrial 5G NR networks.
Observation 2	The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI 1_0 is not impacted by increasing the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16.
Observation 3	The RAN2 design of the reporting of UE TA pre-compensation value and UE location is relatively complete, with some aspects pending on SA3 input and RAN1 input.

Based on the discussion in the previous sections we propose the following:
Proposal 1	 is updated by , where  is configured after initial access and is zero if not configured.
Proposal 2	Clarify how K_offset is used in each timing relationship as follows:
· For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH), the slot allocated for the PUSCH is .
· For the transmission timing of RAR grant scheduled PUSCH, the UE transmits the PUSCH in slot .
· For the transmission timing of HARQ-ACK on PUCCH, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot .
· For the CSI reference resource timing, the CSI reference resource is given in the downlink slot .
· For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
Proposal 3	For determination of cell-specific K_offset in system information, signal one offset value for K_offset.
Proposal 4	Increase the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16.
Proposal 5	In non-fallback DCI 1_1/1_2, the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits, depending on the number of entries in the higher layer parameter dl-DataToUL-ACK (which is proposed to be increased up to 16).
Proposal 6	Regarding the content of UE reporting of information about the UE specific TA pre-compensation, from RAN1’s perspective, the reporting of UE TA pre-compensation value and the reporting of UE location, as agreed in RAN2, can be supported.
Proposal 7	For TA-based reporting, the reported UE TA pre-compensation value is the UE specific TA.
Proposal 8	For location-based reporting, the reported coarse / fine UE location information is up to RAN2 to decide.
Proposal 9	Regarding the frequency of UE reporting of UE TA pre-compensation value, RAN1 confirms that reporting during RACH procedure and event triggered reporting of UE TA pre-compensation value, as agreed in RAN2, are sufficient for uplink scheduling adaptation.
Proposal 10	Regarding the frequency of UE reporting of UE location, RAN1 confirms that reporting of UE location during initial access, event triggered reporting of UE location in connected mode, and periodic reporting of UE location in connected mode, as agreed in RAN2, are sufficient for uplink scheduling adaptation.
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Appendix A: RAN2#115-e agreements on UE TA and location reporting
Agreements:
1. UE specific TA reporting during RACH procedure is enabled/disabled by SI (FFS for RACH in connected mode)

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. 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

Agreements: 
1.	If SA3 replies with concern on reporting UE location with any granularity during initial access, RAN2 will revisit agreement/solution for reporting UE location during initial access. 
2.	UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). FFS if any enhancements to validate the UE’s coarse location information is needed. FFS whether this is only used in initial access or also in connected

Agreements via email - via offline 102:
1. If SA3 has no concern reporting coarse location during initial access, the coarse location information is reported in Msg5, i.e., via RRCSetupComplete/RRCResumeComplete message.
2. For coarse UE location reporting during initial access, the location granularity is not indicated to UE via SIB
3. Enhancements to validate the UE ’s coarse location information is not needed from RAN2 perspective. Whether this is needed by the network is up to other WGs.
4. After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN. RAN2 discuss whether to send LS to SA3
5. Aperiodic location reporting (e.g., via DCI) is not supported.
Working assumption:
1. Event triggered-based UE location reporting are configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED

Agreements via email - from offline 102 second round:
1. Send new LS to SA3 for the need of NTN specific user consent for obtaining UE location by gNB."

Agreements online:
1. If accepted by SA3, if the gNB has user consent to obtain UE location in NTN, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED can be supported after AS security is enabled
2. Periodic location reporting can also be configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED. RAN2 discuss whether it is part of existing periodic measurement report configuration or a new configuration for periodic reporting of UE location.
Appendix B: RAN1 agreements on timing relationships
RAN1#102-e:
Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.

Agreement:
For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
· FFS whether/how to update K_offset after initial access.


RAN1#103-e:
[bookmark: _Hlk56149827]Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.
Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access.

Working Assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.
Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.
Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.


RAN1#104-e:
Agreement:
Confirm the following working assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.
Agreement:
Update of K_offset after initial access is supported
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.
Working assumption: 
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.


RAN1#104bis-e:
Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options
Agreement:
· For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link
Agreement:
Confirm the following working assumption:
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
Agreement:
When UE is not provided with K_offset value other than the one signaled in system information, the K_offset value signaled in system information is used for all timing relationships that require K_offset enhancement.
Agreement:
UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.


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.
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


RAN1#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
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.
Agreement:
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .
Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.
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