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1. Introduction
In RAN1 meeting #106e, the following agreements/working assumptions regarding K_offset were achieved:

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 [image: image2.png]


, UE determines the next available PRACH occasion after uplink slot [image: image4.png]N+ Koffeor



 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  [image: image6.png]Npa + Nra us—specitic + NTa,common + Nta offset) X Te



, where [image: image8.png]


 is assumed for PDCCH ordered PRACH.

· FFS: Which value of [image: image10.png]Koffeor



 should be applied
· FFS: Whether the [image: image12.png]N+ Koffeor



 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 [image: image14.png]Npa + Nra us—specitic + NTa,common + Nta offset) X Te



 with [image: image16.png]


.
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, we share our view on the remaining issues and potential enhanced timing relationship.
2. Discussion

2.1. K offset update and TA reporting

In last meeting, the unit of K offset and K_mac and TA reporting were discussed. Based on the above agreement, the unit of K offset and K_mac is number of slots for a given subcarrier spacing. But there is still one issue to be discussed whether one subcarrier spacing value or different subcarrier spacing values use for different scenarios. 
If the given subcarrier spacing is one subcarrier spacing value, different scenarios use a reference subcarrier spacing. In this way, the reference subcarrier spacing can refer to one of the current subcarrier spacing or be same with the active BWP. If not, different scenarios use different subcarrier spacing with more signalling overhead. To save signalling overhead, different scenarios using a reference subcarrier spacing is preferred.
Proposal 1: different scenarios using a reference subcarrier spacing is preferred.
For TA reporting, several rounds have been discussed at the last meeting. And there is still a remaining issue as follows:
Proposal – UE reporting of information about the UE specific TA pre-compensation
At least for uplink scheduling adaptation, the exact content of UE reporting of information about the UE specific TA pre-compensation is UE specific TA.
· FFS: absolute value and/or differential value

· FFS: unit

Considering the conclusion of RAN2 about the TA reporting:
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
For the first FFS, reporting the absolute value may be more consistent with the conclusion of RAN2 and is a simple way. In our analysis, the UE shall report its UE specific TA to the network during the initial access. The reported TA should let the network know the RTT between UE and the serving NTN satellite. In this sense, UE specific TA is reported. If UE reports the differential value which represents the new K_offset and the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network), it should introduce a granularity. With the granularity, one new K_offset can be suggested by UE. Furthermore, how to use the differential value to calculate the K_offset needs further study. In this sense, differential value complexity is more higher than absolute value.
After reporting TA is performed in initial access, the network can update the K offset with dedicated RRC signaling. After the UE dedicated RRC configuration, we think that the UE is not needed to periodically report the updated TA. Instead, the UE reporting could be an event-based. However, in this case, we suggest that the reported content is not a TA but a simple K offset update request. The design of such request can be similar to a scheduling request. 

Considering that TA reporting is to obtain the K_offset value at the gNB, in order to align with the scheduling timing, the granularity for reported information should preferably be slot.
Proposal 2: Supporting UE reporting absolute value to the network during initial access is more preferred. 

Proposal 3: Support UE requesting K offset update to the network in an event triggered manner.
Proposal 4: The granularity for reported information is slot.
2.2. Value range(s) of K_offset
There are two options discussed in last meeting. 
Option 1: One value range of K_offset covering all scenarios. 
Option 2: Different value ranges of K_offset for different scenarios. 
For the option1, using one value range of K_offset in all scenarios is a bit wasteful timing although it saves the signaling overhead, because in TR38.821, the RTT of LEO-600km and GEO are 26ms and 540ms respectively. If one value range of K_offset is used, the larger of the two must be taken. Obviously, 540ms is not very suitable for 26ms, and the delay which should be set with 26ms if configured by 540ms will be very long.
For the option2, it is dependent on the scenarios. So that LEO, MEO and GEO would most likely have different value ranges. Thus, different scenarios would have proper value ranges of K_offset. In this way, it will reduce the scheduling timing to ensure more efficient scheduler operations.
With the above analysis, the option 2 is beneficial. 

Proposal 5: Support different value ranges of K_offset for different scenarios. 
2.3. On coupling K_offset with common TA
This issue has been discussed several rounds. Based on the last meeting, most companies encourage to obtain the K_offset from one offset. But whether the K_offset should be dependent on common TA, the concensus has not been reached because of the potential misalignment between UE and gNB.
First, the relevant parameters about Common TA have not been determined in AI 8.4.2. If the relevant parameters only contain Common TA without higher order derivative of common TA, there may be alignment between UE and gNB. If not, the misalignment may occur because the UE can autonomously update Common TA based on the relevant parameters of Common TA. Then gNB does not know the time instance the UE calculates the K offset.
Proposal 6: It might not be safe to determine K offset based on common TA, unless it is determined from the signaled common TA value in SIB. 
2.4. Cell-specific vs. UE-specific K_offset selection 
In previous meetings, it was agreed that a UE can be provided a cell-specific K_offset configuration for use during initial access as well as a UE-specific K_offset configuration in CONNECTED mode. But it is not clear when to use the cell-specific/UE-specific K_offset. In our view, once the UE-specific K_offset is configured, it should be used as much as possible since the UE-specific K_offset is more proper for the uplink scheduling of the UE. However, there are some cases that gNB and UE may have misunderstandings on which K_offset is used after the UE-specific K_offset is configured, e.g., msg3 PUSCH transmission during a RACH procedure in CONNECTED mode. Therefore, which K_offset should be used to determine the timing relationship of uplink transmission should be discussed case by case.
A method similar to the TDRA table configuration can be considered for the K_offset configuration. As an example, Table 1 provides the determination of K_offset case by case for a PUCCH transmission with HARQ-ACK corresponding to a PDSCH. Table 2 provides the determination of K_offset case by case for a PUSCH transmission scheduled by a PDCCH.
Table 1: K_offset determination for a PUCCH
	RNTI
	PDCCH search space
	Cell-specific K_offset
	UE-specific K_offset
	K_offset to apply

	MSGB-RNTI, TC-RNTI
	Type1 common
	Yes
	Yes/No
	Cell-specific K_offset

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	Yes
	Yes/No
	Cell-specific K_offset

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	Yes
	No
	Cell-specific K_offset

	
	
	Yes
	Yes
	UE-specific K_offset


Table 2: K_offset determination for a PUSCH

	RNTI
	PDCCH search space
	Cell-specific K_offset
	UE-specific K_offset
	K_offset to apply

	PUSCH scheduled by MAC RAR or MAC fallbackRAR or PDCCH scrambled by TC-RNTI 
	Yes
	Yes/No
	Cell-specific K_offset

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	Yes
	Yes/No
	Cell-specific K_offset

	C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI
	Any common search space not associated with CORESET 0,

DCI format 0_0 in

UE specific search space
	Yes
	No
	Cell-specific K_offset

	
	
	Yes
	Yes
	UE-specific K_offset


Proposal 7: The method of TDRA table configuration can be considered for the K_offset configuration.
2.5. Beam failure recovery timing relationship
The issue was discussed at the end of the last meeting. From the final summary, some views have been reached as follows.
Proposal 13.3 (Based on 1st round of email discussion):

· On beam failure recovery procedure, for PRACH transmission in uplink slot n, UE monitors the corresponding PDCCH starting from downlink slot “n + K_mac + 4” within a corresponding RAR window.

· FFS: the timing between PDCCH reception and application of new PUCCH beam in the beam failure recovery procedure.
For the first issue, if downlink and uplink frame timings are not aligned at gNB, the K_mac is needed to guarantee the timing relationship between UL and DL similarity to the RAR window starting time.

For the second issue, the timing between PDCCH reception and application of new PUCCH beam in the beam failure recovery procedure may be two interpretations about the“28 symbols” based on RAN1 meeting #106e as follows:
· Interpretation 1: “28 symbols” is the absolute time between the time UE receives PDCCH and the time UE applies new PUCCH beam

· In this case, K_offset enhancement is not needed

· Interpretation 2: for a PDCCH reception in downlink slot n, “28 symbols” is the time between UE’s uplink slot n and the time UE applies new PUCCH beam

· In this case, K_offset enhancement is needed

On the one hand, we understand that 28 symbols are the duration for the UE to confirm a BFR response from the detection of PDCCH. Thus, Interpretation 1 is more in line with our understanding. As long as the UE confirms a reception of the BFR response, the UE can change the PUCCH beam. On the other hand, the current specification has not contain the slot number for the interpretation 2.
Proposal 8: If downlink and uplink frame timings are not aligned at gNB, the K_mac is needed to guarantee the timing relationship between UL and DL for beam failure recovery procedure.
Proposal 9: The interpretations 1 about the “28 symbols” is more reasonable.
3. Conclusion

In this contribution, we have discussed some of the issues and the analysis drives us to the following proposals
Proposal 1: different scenarios using a reference subcarrier spacing is preferred.

Proposal 2: Supporting UE reporting absolute value to the network during initial access is more preferred. 

Proposal 3: Support UE requesting K offset update to the network in an event triggered manner.
Proposal 4: The granularity for reported information is slot.
Proposal 5: Support different value ranges of K_offset for different scenarios. 
Proposal 6: It might not be safe to determine K offset based on common TA, unless it is determined from the signaled common TA value in SIB. 
Proposal 7: The method of TDRA table configuration can be considered for the K_offset configuration.
Proposal 8: If downlink and uplink frame timings are not aligned at gNB, the K_mac is needed to guarantee the timing relationship between UL and DL for beam failure recovery procedure.

Proposal 9: The interpretations 1 about the “28 symbols” is more reasonable.
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