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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#106bis-e, some agreements have been achieved to enhance the timing relationship for NTN. [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.
R1-2110663	LS on UE TA reporting	RAN1, Ericsson

In this contribution, we provide some further considerations on timing relationship enhancement for NTN.

[bookmark: _Ref129681832]Discussion on timing relationship enhancement for NTN
Update of cell specific K_offset

In 106bis-e, the following observations was given by [Moderator] in the Feature lead summary[2]:

Regarding the ambiguity issue originally pointed out by [CAICT]:
· [Moderator] According to the figure below, the claimed “ambiguity period” between RTT_min and RTT_max does not appear to be true.
[image: ]
Regarding UE processing time pointed out by [Nokia/NSB]:
· [Moderator] As pointed out by [MediaTek], “This SI procedure is well established in cellular and we see no difference for NTN-specific parameters indicated on SIB.” Indeed, the issue appears not to be fundamentally different from the update of other information in system information. For example, network may update even more fundamental configuration such as PDCCH configuration information in SIB1, but that does not appear to be an issue.


We agree that different RTTs will not introduce the ‘ambiguity period’. If Koffset does not update, everything is OK.The issue actually comes from the difference between the new Koffset and the old Koffset. 
Figure 1 shows an example, in which Koffset_old = 8, Koffset_new = 6, Koffset is updated in the SIB in slot n. If K2=2, then Koffset_old + K2 = 10, Koffset_new + K2 = 8. For the DL scheduling in slot n-1, old Koffset should be used, and UL transmission should be in slot (n-1) + Koffset_old + K2 = (n-1) + (8+2). For the DL scheduling in slot #n+1, new Koffset should be used, and UL transmission should be in slot (n+1) + Koffset_new + K2 = (n+1) + (6+2). Consequently, the two UL transmission conflict in slot n+9. 
[image: ]
Figure 1. UL transmission confliction due to cell-specific Koffset update

To avoid the confliction, we can choose K2 more ‘wisely’, say, for this example, choose K2=2 for the first scheduling and choose K2=3 for the second scheduling. But if the difference between the new Koffset and the old Koffset is bigger, we are afraid that K2 can not cover this issue. In addition, we also think that it is necessary to discuss whether this issue is more hard to handle for some semi-static scheduling.

Figure 2 shows another example to illustrate the ‘confliction period’ caused by Koffset update. In this example, the old Koffset is 10, Koffset is updated in slot n and the new Koffset is 6. It can be seen that without considering K2 or other factors, there is a confliction period in UL transmission in slot n+{7, 8, 9}.

[image: ]
Figure 2. UL transmission confliction period due to cell-specific Koffset update

Observation 1: There is a confliction period in UL transmission when the cell specific Koffset is updated and the new Koffset is less than the old one.

To avoid the confliction, a protection period can be taken, as illustrated in Figure 3. The length of the protection period may be Koffset_old - Koffset_new, or Koffset_old - Koffset_new -1, which is FFS.
In this protection period, UE should not make UL transmission base on the new Koffset.

[image: ]
Figure 3. Protection period to avoid UL transmission confliction

Proposal 1: In case UL transmission confliction due to cell specific Koffset update, a protection period should be set to avoid the confliction.

[bookmark: OLE_LINK48]PDCCH ordered RACH
For PDCCH ordered RACH, whether cell specific Koffset or UE specific Koffset should be applied is an issue. Considering that PDCCH ordered RACH may be triggered due to loss of synchronizations, there is a risk that UE specific Koffset might be outdated and not correct. Using cell specific Koffset is safer. 

Observation 2: In PDCCH ordered RACH, using UE specific Koffset is risky due to link uncertainty.
Proposal 2: Use cell-specific Koffset in PDCCH ordered RACH.



Conclusions
[bookmark: _Ref124589665][bookmark: _Ref124671424][bookmark: _Ref71620620]In this contribution, we discussed enhancements for timing relationship in NTN. Then we get the following observations and proposals:

Observation 1: There is confliction period in UL transmission when the cell specific Koffset is updated and the new Koffset is less than the old one.
Proposal 1: In case UL transmission confliction due to cell specific Koffset update, a protection period should be set to avoid the confliction.
[bookmark: _GoBack]Observation 2: In PDCCH ordered RACH, using UE specific Koffset is risky due to link uncertainty.
Proposal 2: Use cell-specific Koffset in PDCCH ordered RACH.
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