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1 Introduction

The following agreements were made in RAN1 106b-e meeting [1] on the timing relationship enhancements:

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:
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Where:
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  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.
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  is UE self-estimated TA to pre-compensate for the service link delay.
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 is network-controlled common TA, and may include any timing offset considered necessary by the network.
· [image: image9.png]


 with value of 0 is supported. 

· FFS:  details of signaling including granularity.   
· [image: image11.png]


 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 present the discussions on the remaining issues on the timing relationship enhancement.
2 Discussion
K_offset in initial access
For K_offset used in initial access, it is agreed that at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported. However as indicated in [2], the max differential delay within a cell is up to 3.12ms, 3.18ms and 10.3ms for LEO600KM, LEO1200KM and GEO cases respectively. A satellite may operate on multiple beams, in order to reduce the difference of the transmission delays for the UEs within the same coverage of a beam, it is suggested to support beam-specific K_offset configuration. The configuration of K_offset can be carried in the system information. however, if the signaling overhead is a concern, it can be carried in the MSG2.
Proposal 1: Beam-specific K_offset configuration during the initial access should be supported.

K_offset unit and value range

It was agreed that 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.

· The value range is [0] – [542] ms 

· The step size is same as the unit of K_offset
· 
Option 2: Different value ranges of K_offset for different scenarios.
· The value range is dependent on the scenario

· LEO: [0] – [49] ms

· MEO: [93] – [395] ms

· GEO: [477] – [542] ms

· The step size is same as the unit of K_offset
10 bits is enough to support all the scenarios for option 1. While for option 2, the identifier of the scenarios can be implicitly derived via the acquisition of the satellite ephemeris, and then, 6 bits, 9 bits and 7 bits are expected for LEO, MEO and GEO scenarios respectively. Significant overhead reduction can be observed at least for the GEO and LEO cases. It is preferred to support different value ranges of K_offset for different scenarios.
	
	GEO
	MEO
	LEO

	Full K_offset indication
	Option 1
	10 bits
	10 bits
	10 bits

	
	Option 2
	7 bits
	9 bits
	6 bits

	
	Overhead reduction for option 2
	3 bits
	1 bits
	4 bits


Proposal 2: Different value ranges of K_offset for different scenarios are supported.

K_offset update
Update of UE-specific K_offset
After the initial access, the value of K_offset need to be updated. The TA value keeps changing especially for LEO deployment, the configured K_offset may not be able to track the change of the TA. It is necessary to update the value of K_offset based on the transmission delay. It was agreed in previous meeting [3] that the UE-specific K_offset can be provided and updated by network with MAC CE. Regarding the content of the UE-specific K_offset, two options were discussed in previous meeting [4]

· Option 1: MAC CE provides a full UE specific K_offset value

· Option 2: MAC CE provides a differential UE specific K_offset value. 
· Option 2a: The full UE specific K_offset value equals the sum of the cell specific K_offset value and the differential UE specific K_offset value
· Option 2b: The full UE specific K_offset value equals the sum of the last applied K_offset value and the differential UE specific K_offset value
The maximum differential delay within a cell can be up to 10.3ms, 3.18ms and 3.12ms for GEO, LEO1200Km, LEO600Km respectively. The value range for the differential indication can be [0] - [11] ms for GEO case and [0] – [4] ms for LEO cases. 4bits is enough to support the differential indication with a granularity of 1ms. Compared to full value indication, signaling overhead reduction is expected. Thus, it is preferred that MAC CE provides a differential UE specific K_offset value. Regarding whether the differential value is deviated from the cell-specific K_offset or last applied K_offset, we slight prefer to option 2b for robustness.
Proposal 3: MAC CE provides a differential UE specific K_offset value. 
Proposal 4: The full UE specific K_offset value equals the sum of the cell specific K_offset value and the differential UE specific K_offset value.

Update of cell-specific K_offset
The cell-specific K_offset value signalled in system information is always used for [5]
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH

· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI

· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI

· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI

The ambiguity issue on the update of cell-specific K_offset was discussed in previous meeting [4]. Regarding the necessity to update the cell-specific K_offset:

•
For GEO, cell-specific K_offset updates can be rare.

•
For LEO with earth moving cells, cell-specific K_offset update can be rare.

•
For LEO with earth fixed cells, cell-specific K_offset updates may need to be more often.

It is necessary to support the update of cell-specific K_offset. the legacy SI update procedure can be reused.
The updated cell-specific K_offset can be available immediately after UE successfully decode the system information carrying the updated cell-specific K_offset, and thus no ambiguity on the availability of the cell-specific K_offset. It is argued that the ambiguity issues lay on when to apply the updated K_offset as if there are ongoing UL scheduling grants on the UE, the new K_offset may result in a transmission time that has already passed from the UE point of view. However in our understanding, in one aspect, the case that cell-specifc K_offset need to be updated when there is a ongoing UL transmission is quite rare as the cell-specific K_offset is mainly used in the initial access procedure. In the other aspect, this can be handle by the network implementation to avoid the ambiguity issue.
Proposal 5: The ambiguity issue on the update of cell-specific K_offset can be handled by the network implementation.
PDCCH ordered PRACH

It was agreed in [3] that for random access procedure initiated by a PDCCH order received in downlink slot [image: image13.png]


, UE determines the next available PRACH occasion after uplink slot [image: image15.png]N+ Koffeor



 to transmit the ordered PRACH. However, it is still FFS which K_offset value is used. For the K_offset value used in the enhanced PDCCH ordered PRACH timing relationship, the following options were identified [4]:

· Option 1: Cell-specific K_offset

· Option 2: UE-specific K_offset if configured and cell-specific K_offset otherwise

· Option 3: 1 bit in DCI to indicate the selection between cell-specific K_offset and UE-specific K_offset

In our understanding, the UE may lost its UL synchronization when a PDCCH ordered PRACH transmission is triggered. Then, the UE-specific K_offset may be unreliable as the gNB and UE may have mis-aligned understanding on the applied UE-specific K_offset value and thus it is a safer design to use the cell-specific K_offset.
Proposal 6: The cell-specific K_offset value signaled in system information is always used for PDCCH ordered PRACH timing relationship.
3 Conclusions

In this contribution, we present the discussion on the timing relationship for the NTN scenario. Based on our analysis, we have the following proposals:
Proposal 1: Beam-specific K_offset configuration during the initial access should be supported.

Proposal 2: Different value ranges of K_offset for different scenarios are supported.

Proposal 3: MAC CE provides a differential UE specific K_offset value. 

Proposal 4: The full UE specific K_offset value equals the sum of the cell specific K_offset value and the differential UE specific K_offset value.

Proposal 5: The ambiguity issue on the update of cell-specific K_offset can be handled by the network implementation.
Proposal 6: The cell-specific K_offset value signaled in system information is always used for PDCCH ordered PRACH timing relationship.
References
[1] 3GPP RAN1 106b-e chairman-notes
[2] 3GPP TR 38.821, “Solutions for NR to support non-terrestrial networks (NTN)”, V16.0.0, December 2019.
[3] 3GPP RAN1 106-e chairman-notes
[4] R1-2110641
Feature lead summary#6 on timing relationship enhancements
Moderator (Ericsson)

[5] 3GPP RAN1 105-e chairman-notes
PAGE  
4/5

