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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The Rel-17 work item of NR support for NTN was approved with the following RAN1 objectives [1]
RAN1
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode

One of the objectives is timing relationship enhancements due to the long propagation delays in NTN. In particular, an offset Koffset needs to be introduced. In this contribution, we discuss the timing relationships, Koffset derivation and Koffset range in one cell.
[bookmark: _Ref129681832]Discussion
Timing relationships 
The propagation delay in NTN can be up to hundreds of milliseconds, which is much larger than that in terrestrial networks [2]. Two different timing advanced schemes were discussed in the Rel-16 SI phase.
The “full TA” scheme is shown in Figure 1. A UE applies a large TA to compensate for the large round trip delay (RTD) fully at the UE side, and the UL frame timing and DL frame timing can be aligned at the gNB side. This results in a large offset between UL frame timing and DL frame timing at the UE, which requires modifications of timing aspects in NR. For UE with GNSS capability, the RTD of service link can be calculated based on its location information and satellite ephemeris information. Meanwhile, the full RTD of feeder link should be signaled to the UE with the broadcast information in the case of satellite with transparent payload. 
The “partial TA” scheme is shown in Figure 2. The gNB compensates for part of propagation delay, the scheduler complexity may be increased since the UL frame timing and DL frame timing are not aligned. However, this reduces the frame timing offset between DL and UL at the UE side, compared with Figure 1. Furthermore, the gNB only needs to inform the UE of partial feeder link RTD instead of the full RTD of feeder link. 

[bookmark: _Ref30579601]Figure 1 UE applies TA with full RTD

[bookmark: _Ref47630968]Figure 2 Network compensates for part of RTD
In general, the “full TA” and “partial TA” schemes have different characteristics. More detailed discussion can be found in our companion paper [3]. From the perspective of implementation, the “full TA” scheme is a special case of the “partial TA” scheme, i.e., the delay compensated by the gNB is equal to 0 in the “full TA” scheme. Meanwhile, which scheme is applied by the gNB can be transparent to the UE, because the UE just needs to adjust TA according to the indication from the gNB. It is preferred that both schemes can be supported based on a unified signaling framework. 
Observation 1: Using “full TA” or “partial TA” can be left to gNB implementation.
Proposal 1: RAN1 strives for a unified signaling framework to support “full TA” and “partial TA”.
Initial Koffset derivation
As discussed in [2], Koffset needs to be introduced to enhance the timing relationships involving DL-UL timing interactions. The value of Koffset can be broadcasted to UE via system information. However, to save signalling overhead, it is better to derive the Koffset parameter from other information. In RACH procedure, a conservative initial Koffset can be determined. 
In the following, we provide some analysis on how the initial Koffset can be derived for different timing relationships. As shown in Figure 3, in RACH procedure UE uses Koffset parameter when sending Msg3 and HARQ-ACK/NACK for Msg4, which are the first two time instances to use Koffset. Since the UE has not accessed to network yet, the initial Koffset can be determined with the maximum RTD in one cell. In the broadcast information, there are some parameters, which are related to propagation delay. Hence, these parameters can be utilized to derive the initial Koffset.

[bookmark: _Ref30599429]Figure 3 Koffset in PRACH procedure
Two broadcast 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 Msg2 (RAR) is still needed in NTN, which is contained in SIB1 [4].
An offset for the start of the ra-ResponseWindow: An offset for the start of the ra-ResponseWindow will be defined to NTN [1], which would be broadcast to UE by the network according to the minimum round trip delay in a cell as illustrated in Figure 4, including service link and feeder link propagation delay.

[bookmark: _Ref30618002]Figure 4 Illustration of an offset for the start of the ra-ResponseWindow
Observation 2: 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 ⌈·⌉ means rounded up. RAR_window and RAR_offset means the time length of ra-ResponseWindow and the offset for the start of the ra-ResponseWindow in the number of seconds, respectively. slot_duration is the corresponding slot length of uplink or downlink signals. Meanwhile, the network can also obtain the initial Koffset (Koffset_initial) by the same way. 
Proposal 2: Derive the initial cell-specific Koffset from broadcast information, e.g., ra-ResponseWindow and an offset for the start of the ra-ResponseWindow.
Subsequent update of Koffset 
One satellite can provide 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 5. One can rely on beam switch 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. 
[bookmark: _Ref30623532]Figure 5 (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 5, UEs in different beams could 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 5, the beam-specific Koffset could be smaller than the cell-specific one. To show 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 greater 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 3: The initial cell-specific Koffset is larger than the beam-specific Koffset.


[bookmark: _Ref30625201]Figure 6 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. From Figure 6, 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, updating the initial cell-specific Koffset to a suitable smaller value is beneficial.
Observation 4: The beam-specific Koffset decreases the end-to-end latency compared with the initial cell-specific Koffset.
Proposal 3: To reduce the scheduling delay, support updating Koffset from cell-specific to beam-specific.

Conclusion
In this contribution, we discuss the issue of Koffset derivation and Koffset range. The following observations and proposals are presented:
Observation 1: Using “full TA” or “partial TA” can be left to gNB implementation.
Observation 2: UE has obtained ra-ResponseWindow and an offset for the start of the ra-ResponseWindow via system information before using Koffset.
Observation 3: The initial cell-specific Koffset is larger than the beam-specific Koffset.
Observation 4: The beam-specific Koffset decreases the end-to-end latency compared with the initial cell-specific Koffset.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: RAN1 strives for a unified signaling framework to support “full TA” and “partial TA”.
Proposal 2: Derive the initial cell-specific Koffset from broadcast information, e.g., ra-ResponseWindow and an offset for the start of the ra-ResponseWindow.
Proposal 3: To reduce the scheduling delay, support updating Koffset from cell-specific to beam-specific.
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