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1. Introduction
 In RAN1#106bis-e meeting, the following agreements are captured in the chairman’s note as:Agreement:
Signalling one value for cell-specific K_offset is supported.
Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2
Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity
Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2
Agreement:
For defining value range(s) of K_offset, down-select one option from below:
Option
Value range
Step size
Option 1: One value range of K_offset covering all scenarios.
[0] – [542] ms
Same as the unit of K_offset
Option 2: Different value ranges of K_offset for different scenarios.
LEO: [0] – [49] ms
MEO: [93] – [395] ms
GEO: [477] – [542] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
Same as the unit of K_offset
Note: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.

Agreement:
For defining value range(s) of K_mac, down-select one option from below:
Option
Value range
Step size
Option 1: One value range of K_mac covering all scenarios.
[1] – [271] ms
Same as the unit of K_mac
Option 2: Different value ranges of K_mac for different scenarios.
LEO: [1] – [25] ms
MEO: [1] – [198] ms
GEO: [1] – [271] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
Same as the unit of K_mac
Note 1: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.
Note 2: Note that it was agreed already that when UE is not provided by network with a K_mac value, UE assumes K_mac = 0.


In this contribution, we further discuss the remaining issues for timing relationship enhancements in NTN. Agreement:
RAN1 to conclude the following as a basis to reply to RAN2:
· RAN1 definition of UE’s TA is given by the following agreement:
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 
· In addition, RAN1 has agreed the following for UE TA reporting:
Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity
It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

2. Discussion  
2.1 Signaling of K_offset in initial access
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 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 2: Support beam (group)-specific K_offset signaling in addition to cell-specific K_offset in initial access. 

In the RAN1#106bis-e meeting, further 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 signaling overhead. On the other hand, option 2 can optimize the signaling overhead according to different scenarios. In the last meeting, for option 2, it was agreed value ranges for LEO, MEO and GEO with square bracket. However, it is not discussed how to handle HAPs and ATG scenarios. Also, how to determine the scenarios is not well discussed. For HAPs and ATG scenarios, we may reuse the value range of LEO rather than optimizing value ranges. For determining the scenarios, there may be two possible way. One is explicit signaling/indication of NTN scenario or NTN platform. And the other way is implicit indication based on the ephemeris information. Considering above discussion and RAN1 workload, option 1 is preferred. 

Proposal 3: Support option 1 for value range of K_offset and K_mac. 
	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	0 – 542 ms
	Same as the unit of K_offset

	Option 1: One value range of K_mac covering all scenarios.
	1 – 271 ms
	Same as the unit of K_mac



[bookmark: _GoBack]In RAN1#106bis-e meeting, the slot level granularity for reported TA is agreed. FFS point is how to round TA value to slot level granularity. For this issue, there can be three options, i.e., true rounding, ceiling, and flooring. In our understanding, the purpose of TA reporting is mainly for the determination of K_offset value at gNB. So, any option listed above can work, and among them, we slightly prefer flooring. Or, it can be left for UE implementation. 

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 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 6: 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.

2.4 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 7: For RACH procedure triggered by PDCCH order in Rel-17 NTN, cell-specific K_offset signaled in system information is always used 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 proposals:
Proposal 1: Support explicit signaling of K_offset.
Proposal 2: Support beam (group)-specific K_offset signaling in addition to cell-specific K_offset in initial access. 
Proposal 3: Support option 1 for value range of K_offset and K_mac. 
	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	0 – 542 ms
	Same as the unit of K_offset

	Option 1: One value range of K_mac covering all scenarios.
	1 – 271 ms
	Same as the unit of K_mac


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: 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 7: For RACH procedure triggered by PDCCH order in Rel-17 NTN, cell-specific K_offset signaled in system information is always used in addition to minimum gap, .
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