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Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86 and the following agreements were made in RAN1#106b-e [1],
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.



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.

In this contribution, we discuss the timing relationship enhancements for NTN.
Discussion
It has been agreed that for the reference subcarrier spacing value for the unit of K_offset and K_mac in FR1, a value of 15 kHz is used. For FR2, the same granularity can be used.
Proposal 1: For the reference subcarrier spacing value for the unit of K_offset and K_mac in FR2, a value of 15 kHz should also be used.
It has been agreed that for defining value range(s) of K_offset and K_mac, down-select one option from one value range and multiple value ranges. The propagation delay for cell center UE and cell edge UE is quite different. However, an unique K_offset value is broadcasted either implicitly or explicitly to all UE. In this regards, the initial value of K_offset should be chosen considering the worst case, i.e., cell edge UE. In addition, it should be noted that the slot duration depends on numerology, so that K_offset values can be different for different numerologies. For defining value range(s) of K_offset, there are two options. The value of K_offset can be quite different for GEO and LEO due to different distance between satellites and UE. It is not efficient to use the same value range for both GEO and LEO since the range can be unnecessarily large and thus cause inefficient signaling overhead. Therefore,  the value range of K_offset should be different for GEO and LEO. 
Proposal 2:  For defining value range(s) of K_offset and K_mac, support option 2 with multiple value ranges.
It has been agreed that the new parameter K_offset can be introduced to handle the large propagation delay in NTN and it can be carried in system information. However, there are still two key issues that need to be addressed:
· Whether K_offset should be carried in system information in explicit or implicit manner?
· Whether K_offset should be further configured per beam?
K_offset values can be easily derived from broadcasted information, such as common TA value. In addition, the resources that can be used for system information are limited and explicit configuration and signaling K_offset in system information, especially when multiple K_offset values for different procedures are needed, could potentially cause large signaling overhead. Therefore, implicit signaling of K_offset values should at least be supported.
In addition, per cell configuration of K_offset has been agreed as the baseline. However, considering the extremely large cell coverage for satellites, especially for GEO satellites, per beam configuration of K_offset can be further supported. As mentioned previously, in the case of implicit signaling, K_offset is derived from broadcasted information, such as common TA value. If common TA value is also configured per beam as shown in the below figure, there won’t be any issues. 
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Fig.1 Per beam K_offset and common TA 
However, if the common TA value is configured per cell, per beam K_offset cannot be derived from the per cell common TA and there could be some issues as shown in the below figure. In such a case, the satellite can calculate per beam K_offset but for UE per beam TA information is not available so that it cannot derive per beam K_offset implicitly. In such a case, per beam K_offset needs to be carried in system information explicitly. However, without changing the current TA value configuration, we can consider only carry the difference between the per cell K_offset that can be derived implicitly from the per cell common TA value by the UE, and the per beam K_offset calculated by the satellites to reduce the signaling overhead. 
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Fig.2 Per beam K_offset and per cell common TA
[bookmark: _GoBack]Proposal 3: Per beam K_offset configuration should be supported.
Conclusions 
In this contribution, we discussed the timing relationship enhancements for NTN. Our proposals are summarized below.
Proposal 1: For the reference subcarrier spacing value for the unit of K_offset and K_mac in FR2, a value of 15 kHz should also be used.
Proposal 2:  For defining value range(s) of K_offset and K_mac, support option 2 with multiple value ranges.
Proposal 3: Per beam K_offset configuration should be supported.
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