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1. Introduction
At the 3GPP TSG RAN meeting #86 the new work item (WI) on solutions for NR to support non-terrestrial networks (NTN) was approved in [1]. The NTN WI aims to specify enhancements identified for NR NTN (especially LEO and GEO) with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
According to 3GPP TR 38.821 [2] changes for NR specification are required to support NTN due to long propagation delays, Doppler effects and moving cells. Multiple features of NR specification should be enhanced to support NTN including timing relationship. In this contribution timing relationship enhancements for NR to support NTN are discussed.
2. Discussion
At the RAN1#106-e meeting the following agreement was made on K_offset update after initial access. 
	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


As it can be seen in the agreement above, solution based on MAC CE is adopted for UE-specific K_offset indication. In order to increase efficiency of the MAC CE transmission differential scheme for UE-specific K_offset indication can be considered, where UE is provided with a difference between cell/beam-specific value and UE-specific value. In this case just a small number of bits (< 7 bits) is required to cover the differential delay in the cell in accordance with Table 1. Also, in our view solution with RRC configuration indication is not needed in addition to MAC CE based solution since it is redundant. 
Proposal 1: 
· Differential scheme is supported for indication of UE-specific K_offset via MAC CE
· Difference between cell -specific K_offset and UE-specific K_offset is indicated 
· RRC-based configuration for UE-specific K_offset is not supported
At the RAN1#106-e meeting it was agreed to support K_mac indication in system information (i.e. cell-specific value). The optimal configuration of K_mac is common for all UEs in the cell since it is related to feeder link delay, so UE-specific K_mac is not needed. However, due to satellite movement the optimal value for K_mac is changing over time (for non-GEO satellites). Thus, update of K_mac via MAC CE or RRC can be considered. In our view it is not necessary to support update of K_mac value via MAC CE or RRC since additional delays for MAC CE DL action or RA response window due to larger K_mac value are acceptable. 
Proposal 2: 
· Slot offset for MAC CE DL action (K_mac) indication via RRC or MAC CE is not supported
At the last RAN1 meeting Beam Failure Recovery (BFR) support for NTN was discussed. In our view the benefit of this feature for NTN is not clear since change of satellite beam in NTN can be handled by using other solutions. Beam blockage in NTN is not expected to be so frequent as for terrestrial FR2 deployments. However, from our perspective timing relationships for BFR can be enhanced by reusing solution with K_offset without significant standardization efforts.
Proposal 3: 
· Support of Beam Failure Recovery (BFR) is considered as a low priority for NR NTN
· Timing relationships for BFR can be enhanced by reusing solution with K_offset
At the RAN1#106b-e the following agreements were made on the reference value of subcarrier spacing for common slot offset K_offset and slot offset for MAC CE action K_mac indication. 
	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:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2


As it can be seen from the above agreement the reference subcarrier spacing is not defined for FR2. In our view indication of K_offset and K_mac with granularity of time slot corresponding to 60 kHz subcarrier spacing is reasonable considering trade-off between latency, update rate and signalling overhead. 
Proposal 4: 
· For the reference subcarrier spacing value for the unit of K_offset and K_mac in FR2, a value of 60 kHz is used
At the RAN1#106b-e meeting the following agreement was made on TA reporting.
	Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity


In our view it is important to specify rounding of TA at the UE side in order to better align the information on TA applied at the UE and reported to the gNB. Since the reported TA can be used to configure UE-specific K_offset value, rounding of the TA to the larger integer can be considered which corresponds to ceil function. 
Proposal 5: 
· UE rounds UE-reported TA according to the ceil function (to the larger integer)
At the RAN1#106b-e meeting the following agreements were made on the range for indication of K_mac and K_offset values.
	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 our view one value range of K_offset and K_mac covering all scenarios can be considered for simplicity since defining different values for different scenarios doesn’t bring significant benefits in terms of overhead reduction. 
Proposal 6: 
· Support indication of one value range of K_offset and K_mac covering all scenarios 
3. Conclusion
In this contribution aspects related to timing relationships for NTN were discussed. The following proposals were made.
Proposal 1: 
· Differential scheme is supported for indication of UE-specific K_offset via MAC CE
· Difference between cell -specific K_offset and UE-specific K_offset is indicated 
· RRC-based configuration for UE-specific K_offset is not supported
Proposal 2: 
· Slot offset for MAC CE DL action (K_mac) indication via RRC or MAC CE is not supported
Proposal 3: 
· Support of Beam Failure Recovery (BFR) is considered as a low priority for NR NTN
· Timing relationships for BFR can be enhanced by reusing solution with K_offset
Proposal 4: 
· For the reference subcarrier spacing value for the unit of K_offset and K_mac in FR2, a value of 60 kHz is used
Proposal 5: 
· UE rounds UE-reported TA according to the ceil function (to the larger integer)
Proposal 6: 
· Support indication of one value range of K_offset and K_mac covering all scenarios 
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