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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on NTN Chairman's Notes 106b-e [1], there are some agreements on timing relationship of NTN, and some FFS points are also listed as follows: 
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, several issues related to timing relationship and enhancements are discussed. Potential problems and solutions are presented as well.
Discussion 
K_offset update
On the support of RRC reconfiguration to update K_offset
In last meeting, it has been agreed that the UE-specific K_offset can be provided and updated by network with MAC CE. But on whether update this parameter by RRC, it should have careful consideration. We think gNB don’t need to frequently update the K_offset for GEO scenarios. 
According to the summary of RAN1 #104b-e [2], the observations below had been made:
	RAN1#104b-e Moderator observations
Several general observations can be made as follows.
· For GEO, both cell-specific and UE-specific K_offset updates can be rare.
· For LEO with earth moving cells, cell-specific K_offset update can be rare, while UE-specific K_offset update may be carried out, e.g., once every seconds.
· For LEO with earth fixed cells, both cell-specific and UE-specific K_offset updates may need to be more often. Cell-specific K_offset update can be done via system information update. UE-specific K_offset update may be carried out, e.g., once every seconds.



In our view, both MAC CE and RRC signaling are feasible as long as UE and gNB have the same understanding of “time”. For scenarios where the RTT changes relatively slowly, like as GEO, RRC reconfiguration option is more reasonable. The updating interval period of K_offset will be relatively longer, even minutes or hours. Compared with the updating interval time, timing ambiguity of RRC signaling is negligible.
For scenarios where the RTT changes relatively quickly, such as LEO case, updating period is shorter. Furthermore, the effective time after signalling indication is required to be shorter. MAC CE option can be used. However, gNB has the liberty to configure a larger K-offset to reduce the signaling overhead. In this case, RRC signaling is still useful.
Proposal 1: A UE-specific K_offset can be provided and updated by network with RRC reconfiguration.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]On the MAC CE design to provide UE specific K_offset
	RAN1#106-e Moderator recommendation on Issue #1 – MAC CE for updating UE specific K_offset:
Companies are encouraged to provide detailed design proposals for Option 1 and Option 2 to help finalize the design at RAN1#107-e.



There are two options for indicating the UE specific K_offset value via MAC CE, where in option 1 MAC CE provides a full UE specific K_offset value and in option 2 MAC CE provides a differential UE specific K_offset value. On the MAC CE design to provide UE specific K_offset, we propose a design that applies to option 2. In table 1, we list the pros and cons for these two options.
            Table 1 Full K-offset indication vs differential K-offset indication
	
	Pros
	cons

	Option 1: full UE specific K-offset indication
	Simple 
	Larger signaling overhead.
Coarse time granularity

	Option 2: differential UE specific K-offset indication 
	Reduce signaling overhead.
Accurate variation indication.
	Accumulated calculation is required


 
Proposal 2: Support differential value reporting for K-offset indication with MAC CE.

The unit and the range of K_offset
In the last meeting, the unit of K_offset and the range of K_offset were discussed and related agreements were reached.
The actual range of K_offset varies greatly in different scenarios. In addition, the requirements for unit are different in different scenarios and different frequency band. In order to increase scheduling flexibility and save bit resources, the unit and range of K_offset should be different in different scenarios.
For example, for LEO case, the range is slot level basis, but for GEO case, the range is 8 or 64 slots level basis. 
As a result, there are at least two types of K-offset configuration. For configuration 1, it is used for LEO and MEO, and for configuration 2, it is only used for GEO. One additional bit is used to indicate the orbit type.
For the concrete signaling design, the K_offset in system information can be notified by (A+B) bits, where A-bits indicate the orbit type of K_offset and B-bits indicate the value of K_offset. 


Figure 1: The indication of K_offset

Proposal 3: Support (A+B) bits for notifying and updating of K_offset:
· A-bits indicate the orbit type
· B-bits indicate the value of K-offset.

K_offset usage
Due to the movement of satellites, UE_RP RTT changes frequently in LEO scenarios. In order to reduce scheduling delay and save resource overhead, the K_offset value can be updated with UE_specific or cell_specific way. In initial access, Msg3 can be considered to carry TA report. Then signal UE_specific K_offset in Msg4. The transmission timing of HARQ-ACK on PUCCH responding to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI can use the updated K_offset.
Proposal 4: TA should be reported in Msg3, and signal UE_specific K_offset in Msg4.
For transmission timings related to fallback DCI formats, it’s recommended to use UE_specific K_offset if configured, otherwise, cell_specific K_offset.
Proposal 5: For transmission timings related to fallback DCI formats, use UE_specific K_offset if configured, otherwise, cell_specific K_offset is applied.

K_mac and common delay update
The common delay is defined as the common component of propagation delay shared by all UEs within the cell coverage and corresponds to the Round Trip Delay (RTD) between the RP and the satellite. According to Chairman's Notes RAN1#104bis-e 8.4, the common delay can be zero for the case when the RP is set on satellite. As agreed in past meetings, K_mac is needed for RP not placed at the satellite and indicated by a MAC-CE command in PDSCH. Herein K_mac is the offset equaled to RP-gNB RTT, where K_mac = feeder link RTT - common delay. 
For RAR window and MAC CE related timing relationship, real-time K_mac is needed. It’s better that the unit of K_mac and K_offset is the same. 
Proposal 6: Support the update of K_mac with MAC CE. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]The common delay and K_mac were discussed in the previous RAN1 meetings. The initial common delay and K_mac can be notified through system information, and then common delay drift can be used to update the common delay, while the update of K_mac has not been discussed yet. Using a common drift can save signaling overhead and reduce the complexity. Taking into account the above situation, we have made the following analysis on the update of common delay, K_mac, feeder link RTT using a common drift in the case of different reference point selection:
· When time duration from RP to gNB is fixed
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]In this case, K_mac is a fixed value, where common delay = feeder link RTT - fixed value, and common drift = common delay drift = feeder link RTT drift and K_mac drift=0. System information notifies common delay, K_mac, the common drift.
· When time duration from RP to satellite is fixed
In this case, common delay is a fixed value, where K_mac = feeder link RTT - fixed value, and common drift = feeder link RTT drift = K_mac drift and common delay drift =0. System information notifies common delay, K_mac, the common drift.
Based on the above analysis, it’s better to utilize a single common drift to update common delay, K_mac, or feeder link RTT.
Proposal 7: A single common drift can be used to update the common delay, or K_mac, or feeder link RTT depending on requirement.
On K1 range extension
	Moderator recommendation on Issue #7:
Proponents are encouraged to further justify the necessity of enhancing K1 (besides the already agreed range extension) at the next RAN1 meeting.



It has been discussed in past meetings on enhancing K1 to support 16 different K1 candidates. First, some enhancements such as the HARQ process number extension in other agenda have already been done. Only 8 different K1 candidates limit the flexibility of scheduling. Second, the performance for TDD scenario can be improved with enhancing K1 to support 16 different K1 candidates. Third, more available K1 candidates can be beneficial on different UEs with cell/beam specific K-offset. Hence, the enhancement is needed. 
The highest bit of the HARQ process ID can be used with current 3 bits in DCI together to indicate 16 different K1 candidates. The modification can be “SEQUENCE (SIZE (1..16)) OF INTEGER (0..31)” to meet the requirements, where dl-DataToUL-ACK-r17 would be relevant for the increased K1 value range.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Proposal 8: In case of K1 indication extension for larger HARQ process, utilize existing 3 bits without changing the DCI and the highest bit of the HARQ process ID to extend the K1 range to support 16 different K1 candidates. 
PDCCH ordered PRACH
During past meetings, for random access procedure initiated by a PDCCH order received in downlink slot n, an agreement has reached that UE determines the next available PRACH occasion after uplink slot n+K_offset to transmit the ordered PRACH. The K_offset can be either cell-specific or UE-specific. If cell-specific K_offset is used, the network can start the detection at a fixed position, as shown in the figure below.


[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure 2: cell-specific K_offset in PDCCH ordered PRACH
If UE-specific K_offset is used, the network may start the detection at different positions for different UEs, as shown in the figure below.


Figure 3: UE-specific K_offset in PDCCH ordered PRACH
Proposal 9: Utilize cell-specific K_offset in PDCCH ordered PRACH. 
TA reporting
Regarding the TA reporting, the overhead should be controllable. RAN2 has agreed event triggered TA report. In this case, it’s suitable to set one threshold to trigger. For example, when TA’s change exceeds one threshold, UE will report one new TA to gNB. Periodical TA reporting is also beneficial for timely TA tracking.
Proposal 10: On UE-specific TA reporting, periodic reporting can be supported. 
In addition, in order to minimize reporting overhead, it’s desirable that UE only reports TA change between current TA and previous TA with time range. The time range can be pre-configured, which can be mapped to one TA range and expressed by a few bits. For example, ‘00’ denotes [-10slots, -5slots], ‘01’ denotes [-5slots, 0], ‘10’ denotes [0slots, 5slots], ‘11’ denotes [5slots, 10slots].
For the signaling design of TA reporting, RRC signaling is preferred. 
Proposal 11: Using RRC signaling to report TA can be supported.
Proposal 12: Reporting differential TA between current TA and previous TA is preferred. 

Conclusion
In this contribution we analyzed timing relationship issues in NTN. 
We proposed:  
Proposal 1: A UE-specific K_offset can be provided and updated by network with RRC reconfiguration.
Proposal 2: Support differential value reporting for K-offset indication with MAC CE.
Proposal 3: Support (A+B) bits for notifying and updating of K_offset:
· A-bits indicate the orbit type
· B-bits indicate the value of K-offset.
Proposal 4: TA should be reported in Msg3, and signal UE_specific K_offset in Msg4.
[bookmark: _GoBack]Proposal 5: For transmission timings related to fallback DCI formats, use UE_specific K_offset if configured, otherwise, cell_specific K_offset is applied. 
Proposal 6: Support the update of K_mac with MAC CE. 
Proposal 7: A single common drift can be used to update the common delay, or K_mac, or feeder link RTT depending on requirement.
Proposal 8: In case of K1 indication extension for larger HARQ process, utilize existing 3 bits without changing the DCI and the highest bit of the HARQ process ID to extend the K1 range to support 16 different K1 candidates. 
Proposal 9: Utilize cell-specific K_offset in PDCCH ordered PRACH. 
Proposal 10: On UE-specific TA reporting, periodic reporting can be supported. 
Proposal 11: Using RRC signaling to report TA can be supported.
Proposal 12: Reporting differential TA between current TA and previous TA is preferred. 
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