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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#102-e, a couple of agreements were reached on timing relationship enhancements [1]:
[bookmark: _Hlk49429056]Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.

[bookmark: _Hlk49428996]Agreement:
For Koffset used in initial access, the information of Koffset is carried in system information. 
· FFS implicit and/or explicit signaling of Koffset in system information.
· FFS a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value.
· FFS whether/how to update Koffset after initial access.

In this contribution, we discuss some signaling details of K_offset: implicit and/or explicit signaling, cell and/or beam specific Koffset value for initial access and the update of Koffset after initial access.
[bookmark: _Ref129681832]Discussion
Koffset in initial access
· Implicit vs. explicit signaling
As agreed in [1], Koffset needs to be introduced to enhance the timing relationships involving DL-UL timing interaction and the value of Koffset is carried in system information. Regarding whether implicit and/or explicit signaling should be adopted, based on the discussion in RAN1#102-e, it was acknowledged that several related system parameters are required for NTN but it was unclear which parameters should be introduced into system information. An implicit signaling of Koffset basically implies explicit signaling of other system parameters and vice versa. Hence there is a need to discuss the dependency of different system parameters that will be required to be carried in system information.
First of all, depending on whether Koffset is cell-specific or beam-specific, the value of Koffset is related to either the maximum RTD of one cell or one beam. Nevertheless, the fundamental reason to introduce this parameter is due to the long propagation delay in NTN. The impact of the long propagation delay to RACH procedures has been analysed during the SI phase and it was well understood that an offset for the start of the ra-ResponseWindow and extension of the ra-ResponseWindow duration will be introduced by RAN2 [2]. 
In addition, some other parameters may also be required by the UE from system information for initial access, such as common TA [1], orbit (included in satellite ephemeris or PVT information) [1] and so on. It is clear that the common TA and orbit information cannot be derived from the Koffset value as discussed below, so these parameters have to be carried explicitly in the system information if deemed necessary. In comparison, the maximum RTD of one cell or one beam can be obtained based on the combination of some other parameters, e.g. the value of ra-ResponseWindow and the offset for the start of ra-ResponseWindow (details discussed later). Therefore, to avoid duplicate signalling, an implicit signalling of Koffset is preferred. 
Observation 1: Some RTD related parameters which have been agreed earlier to be introduced for RACH, can be used to derive an initial Koffset.
Observation 2: Implicit signaling of Koffset based on other explicit system parameters can avoid duplicate signaling.
Proposal 1: Support implicit signaling of Koffset in system information.
· Cell-specific vs. beam-specific Koffset
In the following, we compared a cell specific Koffset value versus beam-specific Koffset values. First of all, one cell specific Koffset value is supposed to work for all beams in this cell, as the maximum RTD of a cell must be larger than the maximum RTD of any beam in this cell. Secondly, as the system information is cell specific, applying a cell specific initial Koffset value is simple and straightforward, which has less specification impact. 
For beam specific initial Koffset values, multiple Koffset values for different beams should be carried in system information, which obviously requires more signalling overhead. Beam specific system information is also not preferred since this deviates from the basic NR SIB delivery principles. On the other hand, the main benefit to adopt beam specific initial Koffset is that this may reduce the scheduling latency during the RACH stage for some UEs. However, UEs with the largest RTD still have to apply the largest Koffset when sending Msg3 and HARQ ACK/NACK for Msg4, and it is not clear whether optimization is critical since the worst case UE performance cannot be improved anyway. Moreover, to reduce the scheduling latency, the Koffset can be updated from cell specific to beam specific after RACH (details shown below).
Observation 3: A cell specific Koffset value has less signaling overhead and specification impact than beam specific Koffset values.
Proposal 2: A cell specific Koffset value is used for initial access.
· Comparison of different design options
As agreed in [1], a common TA may be indicated to UE for calculating its TA for UL transmissions. As discussed in our companion paper [3], the common TA corresponds to the RTD between the reference point and the satellite. In RAN1#102-e, it was proposed to derive the initial Koffset from the common TA. However, the common TA can be much smaller than the applied TA by UE, and an additional parameter △K may be needed to derive the initial Koffset value. This requires additional signaling and unnecessarily complicate the system design: 
Koffset_initial =⌈common TA/slot_duration⌉ + △Koffset
where ⌈·⌉ means rounded up. slot_duration is the corresponding slot length of uplink or downlink transmission. Meanwhile, the network can also obtain the initial Koffset (Koffset_initial) in the same way. 
Observation 4: An additional parameter is needed, if the initial Koffset is derived from the common TA, which would require additional signaling and unnecessarily complicate the system design.
In the following, we provide some analysis on how the initial Koffset can be derived. As shown in Figure 1, in the RACH procedure UE uses an initial Koffset value when sending Msg3 and HARQ-ACK/NACK for Msg4. Since the UE has not accessed network yet, the initial Koffset can be determined based on the maximum RTD in one cell in an implicit manner as discussed above. 
[image: ]
[bookmark: _Ref30599429]Figure 1 Koffset in PRACH procedure
Two parameters are listed below, which may be used to derive initial Koffset:
ra-ResponseWindow: Considering implementation delay and UE positioning error, the window for receiving RAR is still needed in NTN, which is contained in SIB1 [4].
Offset for the start of the ra-ResponseWindow: An offset for the start of the ra-ResponseWindow will be defined and broadcasted to UE according to the minimum round trip delay in a cell as illustrated in Figure 2, including service link and feeder link propagation delay.
[image: ]
[bookmark: _Ref30618002]Figure 2 Illustration of an offset for the start of the ra-ResponseWindow
Observation 5: UE has obtained ra-ResponseWindow and an offset for the start of the ra-ResponseWindow via system information before using Koffset.
Theoretically, the sum of the time length of ra-ResponseWindow and the offset for the start of the ra-ResponseWindow should not be smaller than the RTD between gNB and UE. Therefore, at the UE side the initial Koffset can be derived by 
Koffset_initial =⌈(RAR_window+ RAR_offset)/slot_duration⌉,
where RAR_window and RAR_offset mean the duration of ra-ResponseWindow and the offset for the start of the ra-ResponseWindow in the number of seconds, respectively. 
Proposal 3: Derive the initial Koffset from ra-ResponseWindow and an offset for the start of the ra-ResponseWindow.
Update of Koffset after initial access
One satellite can have tens or hundreds of beams. For LEO with moving beams, UE moves from one beam to another frequently. Thus, it is beneficial to group some or all the beams in one cell as shown in Figure 3. One can rely on beam switchinf instead of cell handover when UE moves from one beam to another. As a result, the cell could have a large area. Meanwhile, the initial Koffset is a cell-specific parameter and not smaller than the largest RTD in one cell, which is usually a conservative one for UEs in one cell. 
[image: ]
[bookmark: _Ref30623532]Figure 3 (a) Koffset in one cell (b) updated Koffset in one beam
Here, we take the updated beam-specific Koffset as an example. As shown in Figure 3 (b), UEs in different beams can have different feasible beam-specific Koffset, whose time length is not smaller than the largest RTD of the corresponding beam. As the largest RTD in one beam is usually smaller than the largest RTD in one cell as shown in Figure 3, the beam-specific Koffset could be smaller than the cell-specific one. To explain the feasible Koffset value range at different positions in one cell, Table 1 lists the possible Koffset value range in one NTN cell at the minimum elevation angle (10 degree). Only the service link RTD is considered here as an example, because impacts introduced by feeder link is a common part for different UEs. In the GEO scenario, it is assumed that one cell includes four beams. There are 16 beams in one LEO-1200 cell, in which the diameter of one beam is 190 km. From Table 1, it is shown that the feasible Koffset for UEs in different beams could have a large range. For example, the UE at the nearest position to the satellite could use the Koffset = 64 with LEO-1200 scenario and SCS = 60 kHz. However, the broadcast initial cell-specific Koffset is 84, which is much larger than the above one.
[bookmark: _Ref30144235]Table 1. Koffset ranges in different scenarios
	Numerology (SCS)
	GEO 
(cell diameter=450km, 4 beams per cell)
	LEO-1200 
(cell diameter =760km,16 beams per cell)

	15kHz
	268~271
	16~21

	30kHz
	536~542
	32~42

	60kHz
	1071~1083
	64~84



Observation 6: The initial cell-specific Koffset is larger than the beam-specific Koffset.

[image: ]
[bookmark: _Ref30625201]Figure 4 Relationship between Koffset and scheduling delay
A larger Koffset means that the PUSCH scheduled by RAR grant or DCI from UE will arrive at gNB later. In Figure 4, it is shown that if the Koffset is a larger number, the gNB needs to wait longer for receiving corresponding PUSCH, which leads to longer delay between RAR grant or DCI and PUSCH. If the Koffset can be smaller, the scheduling timing will be decreased correspondingly. Therefore, update the cell-specific Koffset to a smaller value is beneficial. For example, after RACH the gNB may send a new beam specific Koffset or differential beam specific Koffset to UE by MAC CE signaling.
Observation 7: The beam-specific Koffset decreases the end-to-end latency compared with the initial cell-specific Koffset.
Proposal 4: Support updating of the Koffset from cell-specific to beam-specific after initial access.
Another option to update Koffset after initial access is to indicate a UE-specific Koffset value that is related to UE-specific RTT. The benefit of UE-specific Koffset value is further decreasing of end-to-end latency. However, UE-specific Koffset requires the network to maintain the scheduling timing for each UE, which will increase the NW complexity. Moreover, UE may need to report some information (e.g., location information or TA) to enable NW to track the change of the UE-specific Koffset, which will increase signaling overhead. Therefore, whether to apply UE-specific Koffset to further reduce the scheduling latency needs careful evaluation. 
Observation 8: UE-specific Koffset can further decrease the end-to-end latency while introducing signaling overhead and NW processing complexity.
Observation 9: Signaling reduction methods should be introduced to relieve the reporting overhead of UE-specific Koffset.
.
Conclusion
In this contribution, we discuss the issue of Koffset derivation and Koffset range. The following observations and proposals are presented:
Observation 1: Some RTD related parameters which have been agreed earlier to be introduced for RACH, can be used to derive an initial Koffset.
Observation 2: Implicit signaling of Koffset based on other explicit system parameters can avoid duplicate signaling.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 3: A cell specific Koffset value has less signaling overhead and specification impact than beam specific Koffset values.
Observation 4: An additional parameter is needed, if the initial Koffset is derived from the common TA, which would require additional signaling and unnecessarily complicate the system design.
Observation 5: UE has obtained ra-ResponseWindow and an offset for the start of the ra-ResponseWindow via system information before using Koffset.
Observation 6: The initial cell-specific Koffset is larger than the beam-specific Koffset.
Observation 7: The beam-specific Koffset decreases the end-to-end latency compared with the initial cell-specific Koffset.
Observation 8: UE-specific Koffset can further decrease the end-to-end latency while introducing signaling overhead and NW processing complexity.
Observation 9: Signaling reduction methods should be introduced to relieve the reporting overhead of UE-specific Koffset.
[bookmark: _GoBack]Proposal 1: Support implicit signaling of Koffset in system information.
Proposal 2: A cell specific Koffset value is used for initial access.
Proposal 3: Derive the initial Koffset from ra-ResponseWindow and an offset for the start of the ra-ResponseWindow.
Proposal 4: Support updating of the Koffset from cell-specific to beam-specific after initial access.
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