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1. Introduction
 In RAN1#106-e meeting, the following agreements are captured in the chairman’s note as: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 the remaining issues for timing relationship enhancements in NTN. 
2. Discussion  
2.1 Signaling of K_offset in initial access
In the RAN1#103-e meeting, it was agreed K_offset configured in system information and used in initial access is supported by at least cell specific configuration. The first remaining issue is whether the signaling of K_offset is based on the implicit or explicit signaling. For instance, in case of implicit signaling, K_offset can be determined based on common TA, and this option can provide the benefit in terms of signaling overhead reduction. However, coupling K_offset with other information such as common TA may restrict the network flexibility. Moreover, the main purpose of K_offset is to remove the ambiguity between gNB and UE caused by the long round-trip delay in NTN, so mixture of two different functions is not desirable. Lastly, explicit signaling is more cleaner way and more forward compatible compared to implicit signaling. Thus, explicit signaling of K_offset is preferred. 
Proposal 1: Support explicit signaling of K_offset.
The second issue is determination of cell-specific K_offset in system information between two options captured below: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 K_offset is introduced to cover UE-gNB RTT comprised of feeder link and service link. In our view, the functionality for both options are the same. The one advantage of option 2 may be reducing some signaling overhead by replacing feeder link RTT to common TA. As discussed in the previous meetings, the signaling overhead saving in Option 2 over Option 1 is only about 1 bit at the expense of more UE complexity. Also, as mentioned above, implicit signaling for K_offset is not preferred. Thus, signaling one offset value for K_offset (Option 1) seems sufficient.
Proposal 2: For determination of cell-specific K_offset in system information, support signaling one offset value for K_offset (Option 1).
 The next issue is whether or not to additionally support beam-specific K_offset in initial access. The cell-specific K_offset signaling has a merit in the overhead perspective. However, in general, the cell size in NTN is much larger than that of TN, therefore differential timing offset would not be negligible between UE in cell center and cell boundary. For example, the maximum satellite beam size can be up to 1000km for LEO which results in up to 3.2 ms maximum differential delay within a satellite beam. Thus, beam-specific K_offset indication would be more suitable in NTN. If the signaling overhead in SIB is really a problem, we may consider beam-group specific K_offset. Compared to beam-specific K_offset, beam-group specific K_offset can effectively reduce the signaling overhead while it can provide finer K_offset granularity. In this beam group specific K_offset signaling, how to make beam-group can be further studied.
Proposal 3: Support beam (group)-specific K_offset signaling in addition to cell-specific K_offset in initial access. 

[bookmark: _GoBack]In the RAN1#106-e meeting, agreement on K_offset range was made. The remaining issue is to downselect the options for the determination of K_offset range. One option is using a single K_offset range for all scenarios (option 1) and the other option is using different value ranges of K_offset for different scenarios (option 2). Option 1 has a merit of its simplicity and less specification impact at the expense of increased signalling overhead. On the other hand, option 2 can optimize the signalling overhead according to different scenarios, but it is required to firstly define scenarios, e.g., LEO, GEO, HAPs, ATG, etc, which may increase RAN1 workload. In this sense, option 1 is preferred. If option 2 is considered, we may consider to define K_offset range per NR-NTN operating band rather than defining scenarios and its corresponding K_offset ranges. Note that Rel-17 NTN supports at least for S-band, and according to agreement in RAN4#100e, L band work can be postponed after March 2022, if no consensus on until Nov 2021. Also, regarding the NR-NTN operating band, it was agreed in RAN4#99e that the first NTN band will have the following frequency range definition: 1980-2010 MHz in UL and 2170-2200 MHz in DL and its band number is FFS.

Observation 1: For the determination of K_offset range, option 1 is preferred due to its simplicity. If option 2 is supported, we may consider to define K_offset range per NR-NTN operating band.


2.2 Update of K_offset
In the RAN1#106-e meeting, it was agreed to support UE-specific K_offset update at least based on MAC-CE. The remaining issues are whether or not to additionally support RRC reconfiguration for K_offset update. In our view, RRC reconfiguration is targeted for GEO scenario where the both cell-specific and/or UE-specific K_offset can be rarely updated. In case of LEO, frequent update of K_offset is expected, and thus in order to achieve fast timing adjustment, RRC reconfiguration based solution seems not preferred. Using MAC-CE has a benefit to avoid the ambiguity of the scheduling timing and it can also be applied to GEO scenario, so MAC-CE seems sufficient for update of K_offset.

Proposal 4: RRC reconfiguration is not supported for UE-specific K_offset update. 

One related issue is when to apply the updated K_offset value delivered by MAC-CE. For this issue, two options can be considered. One is to apply updated K_offset value X slots/symbols after the reception of update signaling where X can be non-negative integer value. The other one is to apply new K_offset value X slots/symbols after transmission of acknowledgement for MAC-CE reception. Among the options, our preference is latter one since gNB can remove some ambiguity whether the UE successfully decode the updated K_offset or not.

Proposal 5: Apply updated K_offset value X slots/symbols after transmission of acknowledgement for MAC-CE reception.

2.3 UE reporting of information related to TA pre-compensation
In RAN2 LS on TA pre-compensation [1], one of the questions is UE reporting of information related to TA pre-compensation as follows:
[bookmark: _Hlk69893708]ACTION: 1) RAN2 respectfully requests RAN1 to prioritize the TA pre-compensation work on: (i) whether and/or what parameters to broadcast for TA pre-compensation, and (ii) when broadcasted, how often the broadcasted parameters are expected to change over time. 	
2) RAN2 respectfully requests RAN1 to provide input on: (i) how UE determines UE-gNB RTT, and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.
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 in RAN2#115 meeting, following agreements are made as:
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)
1. 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
1. The event-triggers for reporting information about UE specific TA based on time threshold is not supported in NTN.
1. 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).

For the TA reporting contents, several options including UE specific TA, Full TA, UE location information and difference between UE-specific K_offset and cell-specific K_offset are listed during past meetings. In our view, UE location information may have some security issue, so it is preferred to report TA information. Between UE specific TA and full TA, there is no big difference, so we prefer reporting UE specific TA which is aligned with above RAN2 agreement. For UE-specific TA reporting, both absolute value and differential value can be considered. Differential value reporting can be used for signaling overhead saving. However, if some reported TA values are missed, gNB and UE have different understanding of TA, since differential values are normally accumulated. Thus, absolute TA value reporting also can be supported to remove such ambiguity. The details on how the absolute value and differential value works can be further studied. 

Proposal 6. The exact content of UE reporting of information related to TA pre-compensation is UE specific TA, and both absolute TA value and differential TA value can be supported. 

2.4 Indication of PDSCH-to-HARQ_feedback timing 
In RAN1#104 meeting, it was agreed to increase the range of K1 values from (0,…,15) to (0,…,31) for unpaired spectrum. Then, the FFS point is whether there is an impact on the size of K1 field in DL DCI. For non-fallback DCI, gNB pre-configure candidate K1 values via RRC, and then DL DCI is used to indicate actual K1 value. Thus, one solution without increasing the size of K1 field is simply increasing the range of dl-DataToUL-ACK in PUCCH-config IE from (0,…,15) to (0,…,31) as below. Note that regarding the parameter, we think simple extension for rel-17 NTN UE (i.e., dl-DataToUL-ACK-r17) can be introduced.  
dl-DataToUL-ACK-r17                         SEQUENCE (SIZE (1..8)) OF INTEGER (0..31)                             OPTIONAL, -- Need M
The other solutions can be increasing the size of K1 field in an explicit or implicit manner. In case of explicit indication, the size of K1 field can be up to 5bits. For the implicit indication, we may consider slot index based as discussed for the HARQ process id identification, but it restricts scheduling flexibility. Therefore, among the listed potential solutions, we prefer to have a simple solution that only increases the range of dl-DataToUL-ACK.
In case of fall-back DCI (i.e., DCI format 1_0), the candidate K1 values are fixed to {1, 2, 3, 4, 5, 6, 7, 8} as in the TS38.213. Thus, increasing K1 range does not provide any benefit in this case. To resolve this issue, we can consider introducing fixed or configurable offset for non-fallback DCI case. For example, we can use minimum K1 value configured for the non-fallback DCI as an offset. 

Proposal 7: Do not increase the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
· For non-fallback DCI, increase the range of dl-DataToUL-ACK in PUCCH-config IE from (0,…,15) to (0,…,31). 
· For fallback DCI, consider introducing fixed or configurable offset.

2.5 PDCCH ordered PRACH transmission 
According to TS 38.213, the UE transmits a PRACH in the selected PRACH occasion for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to the minimum gap of  msec. This minimum gap is depicted in the Figure 1 
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Figure 1. An illustration of RACH procedure triggered by PDDCH order without timing offset
In the last meeting, it was agreed to introduce K_offset value for PDCCH ordered PRACH transmission. One issue is whether the minimum gap depicted in Figure 1 is included or not. In our understanding, this minimum gap is to ensure the some UE processing time, so it is preferred to include above minimum gap in the PDCCH ordered PRACH transmission in NTN.
Other issue is whether K_offset values is cell-specific value or UE-specific value. In the RAN1#105e meeting, K_offset value related to the RACH procedure is always signaled in system information in order to ensure the system robustness. Thus, same principle can be applied for PDCCH ordered PRACH transmission. 
Proposal 8: For RACH procedure triggered by PDCCH order in Rel-17 NTN, K_offset can be applied in addition to minimum gap, .

3. Conclusion
In this contribution, we discussed on timing relationship enhancements for NTN. Based on the above discussion, we have following observation and proposals:
Observation 1: For the determination of K_offset range, option 1 is preferred due to its simplicity. If option 2 is supported, we may consider to define K_offset range per NR-NTN operating band.
Proposal 1: Support explicit signaling of K_offset.
Proposal 2: For determination of cell-specific K_offset in system information, support signaling one offset value for K_offset (Option 1).
Proposal 3: Support beam (group)-specific K_offset signaling in addition to cell-specific K_offset in initial access. 
Proposal 4: RRC reconfiguration is not supported for UE-specific K_offset update. 
Proposal 5: Apply updated K_offset value X slots/symbols after transmission of acknowledgement for MAC-CE reception.
Proposal 6. The exact content of UE reporting of information related to TA pre-compensation is UE specific TA, and both absolute TA value and differential TA value can be supported. 
Proposal 7: Do not increase the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
· For non-fallback DCI, increase the range of dl-DataToUL-ACK in PUCCH-config IE from (0,…,15) to (0,…,31). 
· For fallback DCI, consider introducing fixed or configurable offset.
Proposal 8: For RACH procedure triggered by PDCCH order in Rel-17 NTN, K_offset can be applied in addition to minimum gap, .
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