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1. Introduction
[bookmark: _Hlk49429056]In RAN1#106-e, the following agreements were achieved as potential enhancement for NR-NTN [1]:
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.
In this contribution, remaining key issues on timing relationship are discussed such as signalling of updating K_offset and TA reporting etc.
1. Determination and updates of K_offset value
2.1 Unit and value range
It was agreed that the unit of K_offset is number of slots for a given subcarrier spacing. Regarding to different scenarios e.g., GEO and LEO, Ka band and S band, there is large gap between the number of slots representing RTT of GEO and LEO, as well as corresponding to different SCSs, which is showed in Table 2.
[bookmark: _Ref17075]Table 1 Value range of K_offset in different cases
	
	GEO(541.46 ms)
	 LEO1200(41.77ms)

	15 kHz        
	slots (1...1024)                      
	slots (1...64)

	120 kHz  
	slots (1...8096)
	slots (1...1024)      


A unified RRC configuration for value range of K_offset, e.g., (1...1024) is preferred, which is simple and applicable for all scenarios. More importantly, from signalling perspective, a tradeoff may be achieved among these cases in Table 2. For example, for GEO, the unit of K_offset is number of slots for 15 kHz. And for LEO, the unit of K_offset is number of slots for 120 kHz, in this way 10 bits can be configured to achieve a unified RRC configuration of K_offset.
Proposal-1: The single value range of K_offset as (1...1024) should be supported for all scenarios with different unit.
2.2 Signalling initial K_offset value
For initial K_offset signaling via system information, whether couple it with common TA need to be justified. As an illustration, when the reference point is at the gNB, trivial saving of 1 bit in system information may be achieved by transferring a common TA to a common offset as a component of initial K_offset. At the same time the feasibility is questionable given potentially different periodicity/frequency of signalling of common TA and K_offset. That is, for one signalling cycle, in order to avoid misalignment between gNB and UE about the value of K_offset, both gNB and UE need to derive from a same common TA corresponding to e.g., logical slot n (n is the scheduling time instant), That would be not possible if the common TA is invalid, e.g., when the valid duration/timer expires. 
On the other side, even assume it is feasible to deduce the partial value of K_offset from common TA, which may result in the high complexity at UE side with more specification impacts. Thus, one offset value for K_offset is preferred.
Proposal-2: One offset value for K_offset is preferred.
2.3 Signalling of updating K_offset
According to the agreement [1], UE-specific K_offset can be provided and updated with MAC CE. In this way as shown in Figure 1, the whole procedure of K_offset indication and updates can be via the combination of SIB and MAC CE in following steps. It’s clear that MAC CE based solution can be used for both LEO cases and GEO cases as a unified mechanism.
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[bookmark: _Ref83716705][bookmark: _Ref27099]Figure 1 Illustration of flow chart on K_offset indication
As to RRC reconfiguration, the latency for updating is much higher comparing to the MAC CE based solution and the need to define the parallel mechanisms since it will lead to unnecessary complexity and potential ambiguity in addition to the steps shown in Figure 1. 
Proposal-3: No need to support the indication and updates of a UE-specific K_offset in RRC reconfiguration.
Then, in case of MAC CE signalling, further optimization on the signalling overhead can be achieved by indicating the differential value of K_offset once the update is needed. As shown in Table 1, for LEO 1200 scenario by assuming the minimum Elevation angle is 10 degrees for both service and feeder link, the Maximum RTD is rounded to 42 ms, which can be taken as the value of initial cell_specific K_offset. Moreover, in this case, the maximum differential delay within a cell is rounded to 7 ms, which means the UE-specific RTD/UE-specific K_offset of a UE in the cell can be indicated by just 3 bits given the known initial cell specific K_offset. For example, UE-specific K_offset = Cell specific K_offset - Differential delay. However, if a new K_offset is to be signaled as an update, it costs at least 6 bits to cover the whole value range of K_offset.
As listed in Table 1, the signalling overhead is reduced nearly a half if MAC CE indicates a differential K_offset in comparison with delivering a totally new K_offset. More importantly, the benefit of signalling overhead reduction will be more significant once multiple updates are needed on the UE specific value. In addition, regarding the detailed design, 1 more bit may be needed to denote positive or negative value for the differential value.
[bookmark: _Ref24604]Table 2 MAC CE indicates a differential K_offset
	
	
	Signal a new K_offset
	Signal differential K_offset

	GEO
	Maximum RTD = 542 ms.
Maximum differential RTD = 21 ms
	10 bits
	Up to 5 bits

	LEO 1200
	Maximum RTD = 42 ms.
Maximum differential RTD = 7 ms
	6 bits
	Up to 3 bits


Proposal-4: Signalling of differential K_offset via MAC CE for updating should be supported.
1. TA reporting
In RAN1#106-e meeting, more than 15 companies provided proposals in the contributions on this issue, and specific discussions on content, unit, and frequency of the UE reporting were conducted without consensus unfortunately. Definitely TA reporting is a fundamental feature of a NTN UE, which require RAN 1 to make a decision on the down-selection of solutions, which is also common understanding at other WGs since the confirmation by RAN1 is highlighted in the RAN2 agreement:
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
Proposal-5: RAN1 should conclude the solutions on TA reporting and provide the guidance to other WGs.
3.1 Content of reported TA
Regarding the reporting content of this TA, as recommend in the FL’s summary in [3], the down-selection between partial/full/differential TA should be considered.
· Focusing on RAN1 aspects such as frequency of the reports, granularity of the reported content, partial/full/differential TA, latency and complexity at gNB and UE, etc.
In our view, for the partial vs full TA, from technical perspective, it’s preferred to report the full TA, which is applied by UE (i.e., full TA including both feederlink and service link) for UL transmission with compatibility for all implementation cases. For example, if no common TA is indicated by the network, it means that the time-variant common TA will be handled by gNB, in this way, the applied TA for UL transmission will be same as the TA for service link only. However, if the common TA part with corresponding parameter related to the drift rate is informed to the UE, it will lead to the additional complexity on the TA calculation at gNB if only partial TA is reported. Moreover, errors will occurs once the misalignment time instant for calculation is assumed between UE and gNB. Then, the full TA reported from UE side is preferred.
W.r.t to whether enable the differential TA report, in our view, it can be considered to further optimize the overhead, but at least the full TA should be done in the first reporting as shown in Figure 2 to provide the reference point. Moreover, since the granularity of report TA can be coarse to reduce the overhead, the differential TA report can be achieved by introducing one bit indication only. For example, a UE just reports 1 bit to indicate change of reported TA, wherein “0” indicates to add a step size(a fixed value as 1 slot), “1” refers to decrease a step size. Besides, the 1 bit TA report can be transmitted with SR for UL scheduling.
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[bookmark: _Ref83720853][bookmark: _Ref12873]Figure 2 Update UE specific K_offset based on TA reporting
Proposal-6: At least the report of the full applied TA for UL transmission should be supported in the first report. 
Proposal-7: For the subsequent TA reporting, indication of differential value (e.g., via one bit) can be considered to reduce the signalling overhead. 
3.3 Procedure of TA reporting 
As mentioned above, the TA reporting in the initial access stage has been agreed. For the UE in the RRC connected mode, since the variation of TA is the joint results of UE’s and satellite’s movement, periodic reporting with proper setting is more straightforward with less spec impact and signaling overhead comparing to network request or event triggered based solution as shown in Figure 3. For example, w.r.t the event triggered behavior, the adaptive criteria for event triggering should be defined with possibility for updates. And it also leads to additional procedure for resource UL resource acquisition for reporting along with other DL indication.
Moreover, since this topic is also discussed in IoT-NTN, a unified solution with simplified procedure is preferred. Moreover, with consideration on the short sporadic transmission, it seems that only limited report may be needed during the RRC connected mode for IoT case, in this way, the network request based reporting can be a compromise solution for all scenarios.
[image: ][image: ]
(a) event trigger           (b) network trigger
[bookmark: _Ref83721853][bookmark: _Ref18805]Figure 3 TA report procedure
Proposal-8: The network request based TA reporting should be supported as a unified solution for both NR-NTN and IoT-NTN.
1. Application of the K_offset
Firstly, regarding the transmission timings related to fallback DCI formats, there’s no necessary to define a limitation says only cell-specific K_offset is used for all timing relationships. Because it have been agreed that when UE is not provided updated information, the initial K_offset value can be used for all timing relationships that require K_offset enhancement. So basically the initial K_offset can be used, only if the updated value of K_offset is not signaled to UE, or if the UE fails to detect the signaling of updating. The benefit is clear that using updated K_offset with finer value, scheduling delay can be reduced.
Proposal-9: No need to define the limitation that only cell-specific K_offset is used for transmission scheduled by fallback DCI formats. 
Then, in case of transmission timing of HARQ-ACK on PUCCH to Msg4 scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI, it is worth more consideration that if signaling of K_offset (e.g. Beam specific K_offset) is conveyed in Msg2, the updated K_offset with finer value can also be applied. 
Proposal-10: In case of HARQ-ACK on PUCCH to Msg4 scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI, support updated K_offset with finer value.
1. Beam failure recovery
In NR, BFR can be used for quick recovery of beam-specific radio link if the link connection is interrupted by e.g., sudden blockage. As to the NTN situation, considering the movement of satellite and UE, that’s definitely possible that exist similar use case as e.g., sudden blockage, or random change/sudden deterioration of channel condition. In this case, the UE would probably link to another beam (SSB/CSI-RS) and be able to perform successful Random Access. For another case, i.e., overlapped footprint beams, the UE could switch to another beam assuming SSB/CSI-RS resource is pre-allocated for different beams. Therefore, the necessity of supporting BFR in NR-NTN is clarified. 
Regarding to the timing relationship on delay of start of PDCCH monitoring, and timing offset between PDCCH reception and PUCCH on the new beam, for the former one, the gNB DL timeline is advanced with value of K_mac, so gNB needs to delay the transmission of PDCCH to compensate it, e.g., transmit at slot n+4+K_mac after receiving PRACH at gNB UL slot n. thus, the UE should monitor PDCCH in a search space set provided by recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot n+4+K_mac.. Note that no need to enhance it when DL-UL frame timing is aligned at gNB side. Besides, for the second timing relationship, we prefer to consider “28 symbols” as the absolute time between the time UE receives PDCCH and the time UE applies PUCCH on the new beam. [3]
Proposal-11: For beam failure recovery procedure, delay the start of PDCCH monitoring for receiving RAR with a value of K_mac when DL-UL frame timing is not aligned at gNB side.
1. Indication of K_mac
When the reference point located at serving satellite, K_mac (RP-gNB RTT) is not equal to 0. And based on previous agreements, signalling of ‘K_mac’ can be used for followings: 
· MAC CE activation/deactivation
· Start of Msg2/MsgB RAR window
· delay of start of PDCCH monitoring for BRF
In case of LEO scenario, the feeder link varies, and updating K_mac should be considered, e.g. via MAC CE signaling. As to the unit and the value range of K_mac, they can follow that of K_offset. In fact in this case, the value of K_offset and K_mac is comparable. (e.g., service link RTT is approximate to feeder link RTT)
Moreover, for the second timing relationship enhancement, the leftover issue is about the accuracy of UE’s TA, in order to avoid to miss the RAR detection, the minimum RTT within one service cell can also be preferred to postpone the RAR reception. Furthermore, in this way, if the maximal differential delay within one cell is larger than RAR window length, or if retain effective length of RAR monitoring window, further extending of this window can be considered. 
Proposal 12: Update K_mac via MAC CE can be supported. 
Proposal 13: Both the unit and value range of K_mac can follow that of K_offset.
1. PDCCH ordered PRACH
In RAN1# 106-e meeting, it was agreed to introduce the K_offset for this timing relationship. Then, as to the remaining FFS, in our view, the UE is out of synchronization in this situation, so an initial K_offset can be applied as a baseline. 
Regarding the 2nd FFS, basically the SIB conveying ephemeris and common TA should be valid before scheduling PRACH transmission, if not, the PDCCH order should be postponed to next valid period. We don’t thinks additional enhancement is needed for this timing relationship. 
Proposal 14: For PDCCH ordered PRACH, apply initial K_offset.
1. K1 indication with enhanced DCI
As shown in the Figure 5, assume the maximum HARQ process number is larger than 16, e.g. the number is 28, and all the HARQ-ACK feedback is transmitted in slot 32 (on PUCCH). Then the value of K1 indicated via bit field ’PDSCH-to-HARQ_feedback timing indicator’ should be different per consecutive DL transmission with respective HARQ process ID. For instance, for the DL transmission in slot 0, corresponding K1 is 31, whereas for the DL transmission in slot 1, corresponding K1 is 30 as Figure 5 depicted. (Given the extended value range of K1 is 0..31), 
However, currently the bit field ’PDSCH-to-HARQ_feedback timing indicator’ in DCI is 3 bits, which can only support 8 different candidates, which is not sufficient to make sure the time resource for the HARQ-ACK feedback to each PDSCH is allocated.
In this case, to enable the flexibility scheduling and harvest the throughput benefit by using large number of HARQ processes e.g., 28, supports on the dynamic indication of more K1 values is preferred. For example, 28 values of K1 is available to be indicated via DCI, which needs 5 bits. Otherwise, to match current 3 bits indication, maybe only up to 8 consecutive PDSCH can be scheduled with available K1 to indicate corresponding HARQ-ACK. 
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[bookmark: _Ref25869]Figure 4 HARQ feedback in unpaired spectrum case
In additional, for keeping the size of DCI bit field, re-interpreting the bit field can also be considered to develop more K1 values indication. 
Proposal 15: For unpaired spectrum, in case of HARQ feedback for more than 8 continuous DL transmission (or continuous DL HARQ processes), indication of the extended K1 value via enhanced DCI should be supported.
1. RRC parameters
In this section, our views on the list of RRC parameters related to timing relationship enhancement is provided [4]. In general, RRC parameters would be further modified until enough progress to be achieved. More specifically, regarding values of [CellSpecific_Koffset], as analyzed in section 2.1, the single value range of K_offset as (1...1024) can be determined for for all scenarios with different unit with the assumption of signalling one offset value for K_offset (option 1). Regarding [K_mac], it applies if downlink and uplink frame timing are not aligned at gNB. It is preferred to give a unified design for both K_offset and K_mac For example, same value range is adopted. 
In addition, regarding [dl-DataToUL-ACK-r17], there’s no doubt the new parameter is needed no matter whether the DCI is enhanced or not. So at least the value range can be captured with DCI related part as TBD.
Proposal-16: The updates on the RRC parameters listed in Table 3 should be supported. 
1. Conclusions
In this contribution, further discussion on K_offset value determination and update, and TA reporting is conducted with following observations and proposals: 
Proposal-1: The single value range of K_offset as (1...1024) should be supported for all scenarios with different unit.
Proposal-2: One offset value for K_offset is preferred.
Proposal-3: No need to support the indication and updates of a UE-specific K_offset in RRC reconfiguration.
Proposal-4: Signalling of differential K_offset via MAC CE for updating should be supported.
Proposal-5: RAN1 should conclude the solutions on TA reporting and provide the guidance to other WGs.
Proposal-6: At least the report of the full applied TA for UL transmission should be supported in the first report. 
Proposal-7: For the subsequent TA reporting, indication of differential value (e.g., via one bit) can be considered to reduce the signalling overhead. 
Proposal-8: The network request based TA reporting should be supported as a unified solution for both NR-NTN and IoT-NTN.
[bookmark: _GoBack]Proposal-9: No need to define the limitation that only cell-specific K_offset is used for transmission scheduled by fallback DCI formats. 
Proposal-10: In case of HARQ-ACK on PUCCH to Msg4 scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI, support updated K_offset with finer value.
Proposal-11: For beam failure recovery procedure, delay the start of PDCCH monitoring for receiving RAR with a value of K_mac when DL-UL frame timing is not aligned at gNB side.
Proposal 12: Update K_mac via MAC CE can be supported. 
Proposal 13: Both the unit and value range of K_mac can follow that of K_offset.
Proposal 14: For PDCCH ordered PRACH, apply initial K_offset.
Proposal 15: For unpaired spectrum, in case of HARQ feedback for more than 8 continuous DL transmission (or continuous DL HARQ processes), indication of the extended K1 value via enhanced DCI should be supported.
Proposal-16: The updates on the RRC parameters listed in Table 3 should be supported. 
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Appendix
[bookmark: _Ref23704]Table 3 RRC parameters related to timing relationship enhancement
	Parameter Name
	(New) values
	New R17 vs extension of R16
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	[CellSpecific_Koffset]
	[(1...1024)]
	New
	cell
	Broadcast
	The CellSpecific_K_offset is a scheduling offset used for the timing relationships that need to be modified for NTN [see TS 38.2xy]. 
	RAN1#104-bis-e 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

The unit of K_offset is number of slots for a given subcarrier spacing.

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

	K_mac
	[(1...1024)]
	New
	Per cell
	Broadcast
	K_mac is a scheduling offset provided by network if downlink and uplink frame timing are not aligned at gNB. It is needed for  UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH.
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.

When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
	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.

	dl-DataToUL-ACK-r17

	SEQUENCE (TBD) OF INTEGER (0..31)
	extension of R16
	Per UE
	dedicated
	· 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.
	For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
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