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1 Introduction

The following agreements were made in RAN1 106-e meeting [1] on the timing relationship enhancements:

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 present the discussions on the timing relationship enhancement.
2 Discussion
K_offset in initial access
For K_offset used in initial access, it is agreed that at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported. However as indicated in [2], the max differential delay within a cell is up to 3.12ms, 3.18ms and 10.3ms for LEO600KM, LEO1200KM and GEO cases respectively. A satellite may operate on multiple beams, in order to reduce the difference of the transmission delays for the UEs within the same coverage of a beam, it is suggested to support beam-specific K_offset configuration. The configuration of K_offset can be carried in the system information. however, if the signaling overhead is a concern, it can be carried in the MSG2.
Proposal 1: Beam-specific K_offset configuration during the initial access should be supported.

In last meeting, it is agreed to down-select from the two options below to determine the cell-specific K_offset in system information. The K_offset in system information can be used in initial access.
· 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

A single value is informed to UEs and applied in the initial access phase for option 1. While for option 2, a first value offset_1 is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value offset_2 is expected to cover RTT of service link. 
From the signaling overhead aspect, 1 bit signaling overhead is saved if the offset_1 is coupled with the common TA for option 2 compared to option 1. However, it is not preferred to have the association between offset_1 and other parameters as the update of other parameters will cause the unnecessary change of the K_offset. Meanwhile, the configuration of K_offset should be independent of the common TA. The K_offset is mainly used for scheduling related procedures and the gNB has the freedom to configure a K_offset value as long as it is large enough to cover the UE’s TA. In the other hand, the K_offset may need to be updated after initial access phase, whether the signaling overhead reduction can be still expected is dependent on the detailed design such as absolute value/relative value. 
From the complexity and standard impact aspect, we don’t see much difference between option 1 and option 2.

Proposal 2: It is slightly preferred to signal one single value to determine the cell-specific K_offset in system information.
K_offset value range
It was agreed that 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.
The value of K_offset is dependent on the scenarios such as the orbital height and RP locations and can varies between 0 to 542 slots assuming 15KHz SCS. More signaling overhead is expected for option 1 compared to option 2. However, the detailed signaling design should be up to RAN2’s decision.
Proposal 3: Different value ranges of K_offset for different scenarios are supported and the signaling details is up to RAN2’s decision.

Update of K_offset
After the initial access, the value of K_offset need to be updated. The TA value keeps changing especially for LEO deployment, the configured K_offset may not be able to track the change of the TA. It is necessary to update the value of K_offset based on the transmission delay. The update of the K_offset can be triggered either by the UE or by the gNB. In one alternative, gNB can trigger the update of the K_offset based on the UEs’ reporting. In the other one alternative, UE can also adjust its K_offset based on the timer. UE side triggering have the benefits to save the signaling overhead while the gNB side triggering can guarantee the robustness. 
In previous meeting [1], it was agreed that:
· 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

The option used to update the K_offset is highly dependent on the updating frequency. During the discussion in last meeting, it seems to have common understanding that:

 •
For GEO, both cell-specific and UE-specific K_offset updates can be rare.

•
For LEO with earth moving cells, cell-specific K_offset update can be rare, while UE-specific K_offset update may be carried out, e.g., once every seconds.

•
For LEO with earth fixed cells, both cell-specific and UE-specific K_offset updates may need to be more often. Cell-specific K_offset update can be done via system information update. UE-specific K_offset update may be carried out, e.g., once every seconds.

As NTN covers many scenarios, GEO, MEO, LEO, HAPS, and ATG, it is preferred to support RRC + MAC CE. It is up to gNB’s implementation to select the proper signaling to update the K_offset.
Proposal 4: The UE-specific K_offset can be provided and updated by network with RRC configuration/reconfiguration. It is up to gNB’s implementation to select the proper signaling to update the UE-specific K_offset.
Extension of K1/K2

In RAN1 104e meeting, it was agreed that for unpaired spectrum, extend the value range of K1 from (0..15) to (0..31). The main motivation to support the extension of K1 is to support the contiguous DL slots in specific TDD deployment scenario. 
In NR design, the value of K1 is indicated by PDSCH-to-HARQ_feedback timing indicator field in DCI. For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a DCI format, other than DCI format 1_0, scheduling a PDSCH reception or a SPS PDSCH release, the PDSCH-to-HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dl-DataToUL-ACK which supports a number of up to 8 entries. 
In order to support the extension of K1, some changes such as explicit or implicit indication are needed. Several options are proposed in [3]:
1) Option 1: Introduce fixed or configurable offset for fallback DCI 1_0
2) Option 2: Configure two sets of K1 values and use slot index of scheduled PDSCH to signal which K1 set is used
3) Option 3: Reinterpret the PDSCH-to-HARQ_feedback timing indicator field for K1 indication
4) Option 4: max # of RRC configured K1 values is increased from 8 to 16 and the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits in non-fallback DCI 1_1/1_2

For the fallback DCI, it is preferred to keep the bit-length of PDSCH-to-HARQ_feedback timing indicator field unchanged. Configured offset can be added to indicated value to support the extended K1 range. For the non-fallback DCI, option 4 can be considered to avoid limiting the scheduling flexibility.
Proposal 5: The bit-length of PDSCH-to-HARQ_feedback timing indicator field in the fallback DCI is kept unchanged.
TA reporting
In previous meeting, the exact content, granularity and detailed mechanisms for TA reporting was extensively discussed and no agreements was made. 
For the exact content for TA reporting at least for uplink scheduling adaptation, a set of candidate options is formulated as follows:

· Option 1: UE specific TA 

· Option 2: Full TA 

· Option 3: UE location 

· Option 4: Difference between UE-specific K_offset and cell-specific K_offset 

· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE 

· Option 6: Differential indication
For option 2, we don’t see the need to include the common TA into the UE’s TA reporting information.
For option 3, although UE’s location reporting is supported during the initial access in RAN2, however, the UE location reported in the initial access is not for the gNB to determine the TA, it is used by gNB to select the proper AMF and to construct global cell ID. Meanwhile, the security/privacy issue related to UE reporting is still under the SA3’ confirmation.

Given that RAN2 had already agreed that 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). We should avoid the redundant discussion unless serious issues are identified.

Proposal 6: 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. It is up to RAN2 to decide whether absolute value or differential value is reported.

The following options are identified for UE’s TA reporting
· Option 1: Event triggered 

· Option 2: Network request 

· Option 3: Periodic

For option 1, the UE can trigger the TA reporting based on certain criterion, e.g, the change of UE’s specific TA exceeds a certain threshold. This option can save the signaling overhead.
For option 2, network can trigger UE to report its TA when needed. However, it is hard for the gNB to track the variance of UE’s specific TA.

For option 3, UE periodically reports its TA value depending on the configuration. In NTN scenario, UE can typical predicts its TA variance. The gNB can properly configure the periodic TA reporting. 

Event-triggers for reporting on the information about UE specific TA in connected mode is supported in RAN2. To align to RAN’s conclusion, option 1 should be supported, while option 3 can also be considered.

Proposal 7: Event triggered and periodic TA reporting are supported.
3 Conclusions

In this contribution, we present the discussion on the timing relationship for the NTN scenario. Based on our analysis, we have the following proposals:
Proposal 1: Beam-specific K_offset configuration during the initial access should be supported.

Proposal 2: It is slightly preferred to signal one single value to determine the cell-specific K_offset in system information.
Proposal 3: Different value ranges of K_offset for different scenarios are supported and the signaling details is up to RAN2’s decision.

Proposal 4: The UE-specific K_offset can be provided and updated by network with RRC configuration/reconfiguration. It is up to gNB’s implementation to select the proper signaling to update the UE-specific K_offset.

Proposal 5: The bit-length of PDSCH-to-HARQ_feedback timing indicator field in the fallback DCI is kept unchanged.
Proposal 6: 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. It is up to RAN2 to decide whether absolute value or differential value is reported.

Proposal 7: Event triggered and periodic TA reporting are supported.
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