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In RAN1#106-e meeting, RAN1 made the following agreements related to the timing relationship enhancements for 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, we further discuss technical issues of the timing relation enhancements based on the conclusions from previous RAN1 meeting.

[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Discussion
[bookmark: _Toc423020280][bookmark: _Ref37339923]Signaling for K_offset update after initial access
For the K_offset after initial access, it may require additional signaling for gNB and UE to update their timing relationship, so that more exact timing relationship should be tracked between UE and gNB for NTN. Further update of K_offset value can be UE-specific or even beam-specific (if supported). For the signaling of updated K_offset value after initial access, it was agreed to use MAC CE signaling in RAN1#106 meeting and motivated by LEO with earth fixed cells where both cell-specific and UE-specific K_offset updates may need to be more often. One remaining issue regarding this aspect is whether or not to additionally supports RRC signaling on top of MAC CE signaling for the update of K_offset value. It has been observed that RRC reconfiguration is suitable for GEO NTN scenario where NTN channel is infrequently changed and stable option as usual that is, both gNB and UE would have same understanding on the timing relation based on the RRC reconfiguration procedure. However, in our view, it s less attractive to support the additional RRC signaling for the same purpose given that MAC CE signaling can cover the most of cases including the worst scenario where NTN channel is frequently changed. So, we think that additional RRC signaling is not sufficient to be justified for the signaling of K_offset value.
Proposal 1. It is not preferred to support RRC signaling for updating K_offset value after initial access on top of MAC CE signaling. 

For K_offset update after initial access procedure, there are two ways in our considerations, i.e. gNB controlled and UE initiated. In some cases, UE may have TA information or RTT-related timing information which means that UE may decide to update the K_offset value depending on those timing factors. Then, UE can report the necessity of K_offset update to the gNB so that the gNB can update K_offset value by using MAC CE signaling. Alternatively, the gNB can configure the new updated K_offset value based on the satellite velocity, ephemeris and location.
Proposal 2. gNB controlled and UE-initiated mechanisms can be supported for update of K_offset value.

For K_offset value signaled in system information, it was agreed in last RAN1 meeting that it shall be used for certain timing relationships as followings 
· RAR/fallback RAR grant scheduled PUSCH, 
· Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
In addition, there are still some FFS on how to handle the transmission timing of HARQ-ACK on PUCCH to PDSCH or MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI. Since this is the cases where fallback DCI is used, it shall be ensured that UE is reachable for that case too. Thus, to use cell-specific K_offset value for the time relationship related to fallback DCI formats would lead to stable NTN system operation.
Proposal 3. To ensure that UE is always reachable, for the transmissions scheduled by fallback DCIs, the K_offset value signaled in system information is used.

Determination of cell-specific K_offset
In RAN1#104bis-e, following agreement is made for determination of cell-specific K_offset in system information:
	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


Regarding determination of cell-specific K_offset value, it seems to us that option 1 is much simple way than option 2 that require some association with like common TA for first offset value as seen in above agreement. We fail to find strong justification to adopt option 2 even if it can save signaling overhead a bit (~1-bit saving in higher layer signaling is negligible). Also, if option 2 is adopted, it is concerned that it would make some relation with TA discussion as there seems no motivation for this function with separate parameters. Moreover, the broadcasted common TA value may cause different K_offset value among UEs in same cell due to common TA drift rate and its variation. So, it would result in potential problem to not maintain common K_offset value among UEs in same cell. When considering all the aspects from Option 2, it may cause more specification impact, more sources of inaccuracies, scheduling restriction and so on.
Accordingly, compared to Option 2, it is preferred that Option 1 is simply adopted for this function and easily address the UE-gNB RTT as sum of feeder link and service link by signaling proper K_offset value.
Proposal 4. Single one offset value for K_offset can be adopted.

Beam-specific K_offset configuration for initial access procedure
In RAN1#103-e meeting, it was agreed to introduce at least cell-specific K_offset configuration used in initial access. As remaining discussion, it needs to be clarified whether beam specific K_offset configured in system information should be also supported in initial access procedure. We think it is beneficial to configure beam-specific K_offset during initial access especially for reducing latency. However, it would introduce complexity of specification (e.g. when to use cell specific K_offset or beam-specific K_offset) and higher signaling overhead (e.g. multiple values of beam-specific K_offset in addition to cell-specific K_offset value). Considering those factors, cell-specific K_offset is sufficient in initial access.
Proposal 5. Cell-specific K_offset is only supported in initial access procedure.

On K1 range extension
In RAN1#104bis-e, following aspects on the functionality of K1 range extension was discussed to complete K1 range extension for NTN:
1) Extension to FDD 
2) Relevant RRC parameter
3) DCI impact
Regarding 1), there was an agreement to extend the K1 range from 0~15 to 0~31 for TDD. Accordingly one remaining question will be whether it is also applied to FDD. In our understanding, it seems there would be no motivation to consider it in FDD as well. So, it is not desirable to extend the K1 range for FDD.
For 2), we think this issue needs to be discussed in RAN2 since the determination of relevant RRC parameters and signaling structure are under RAN2 work.
For 3), it is basically preferred not to change the DCI size that will result in additional complexity and specification works, since it is sufficient to use the current number of bits in the DCI field for K1 value range while the extended value range configured by new RRC parameter can be configured. 
Proposal 6. Followings on K1 range extension issue are proposed:
· It is not supported to extend the K1 range for FDD
· DCI field range related to the K1 range extension should not be increased.

Conclusion
In this contribution, we focus on technical design issues related to timing relationship and enhancements. Observations and proposals are as followings:
Proposal 1. It is not preferred to support RRC signaling for updating K_offset value after initial access on top of MAC CE signaling.
Proposal 2. gNB controlled and UE-initiated mechanisms can be supported for update of K_offset value.
Proposal 3. To ensure that UE is always reachable, for the transmissions scheduled by fallback DCIs, the K_offset value signaled in system information is used.
Proposal 4. Single one offset value for K_offset can be adopted.
Proposal 5. Cell-specific K_offset is only supported in initial access procedure.
Proposal 6. Followings on K1 range extension issue are proposed:
· It is not supported to extend the K1 range for FDD
· DCI field range related to the K1 range extension should not be increased.
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