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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#105-e, a couple of agreements have been achieved to enhance the timing relationship for NTN [1]
Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 

Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1:	The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2:	According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3:	The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4:	Other options of determining the estimate of UE-gNB RTT can be further discussed.


Agreement:
The K_offset value signaled in system information is always used for
· 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
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported


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

[bookmark: _Ref129681832]Discussion on timing relationship enhancement for NTN
K_offset update
In RAN1#105-e, discussions on K_offset update after initial access have been made based on previous agreement of made in #104bis-e[1].
RAN1#104bis-e:
Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options


As shown in the Feature lead summary#1 on timing relationship enhancements[2], four companies support RRC reconfiguration while 8 companies support MAC CE and 7 companies support both RRC reconfiguration and MAC CE.
Given the diverse views, Moderator holds the view that the group would first need to understand the pros and cons, as well as the needs. To make further progress, the following initial proposal has been made. 
Initial proposal 1.2 (Moderator):
Companies are encouraged to provide views on the following questions:
1) How often does K_offset need to be updated in GEO NTN?
2) How often does K_offset need to be updated in LEO NTN with earth moving cells?
3) How often does K_offset need to be updated in LEO NTN with earth fixed cells?
4) How would network schedule UEs with different K_offset values?

Our opinions on this issue are as follows.

When talking about how often K_offset needs update, we understand that what is discussed in Initial proposal 1.2 (Moderator) is about UE-specific K_offset. However, K_offset includes cell-specific K_offset, beam-specific K_offset, and UE-specific K_offset, all of which need updates respectively. For clarity, we propose to explicitly state UE-specific K_offset, beam-specific K_offset, or cell-specific K_offset when discussing K_offset. 
Observation 1: K_offset includes cell-specific K_offset, beam-specific K_offset, and UE-specific K_offset, all of which need updates respectively.
Proposal 1: For clarity, we propose to explicitly state UE-specific K_offset, beam-specific K_offset, or cell-specific K_offset when discussing K_offset.

Three scenarios should be considered, including GEO, LEO with earth-moving cell, and LEO with earth-fixed cell.

For GEO, it is obvious that cell-specific K_offset does not need updates. 
For GEO UE-specific K_offset, two factors should be considered including satellite perturbations and UE movement. 
According to TS 38.811[3], the average tangential velocity of a geostationary satellite with respect to an earth point is around 2.74 m/s, and satellite maintained in a typical trajectory box characterized by 75 km in both latitude and longitude directions and 35 km in the equatorial plane. Therefore, the influence of this factor can be ignored. 
UE movement speed is mostly within 1000km/hour, but considering that the UE’s moving range in a long period of time may be large, changes of UE-specific K_offset may be needed. With some rough estimation, the update frequency of UE-specific K_offset is lower than once per minute. 
Requirements for GEO cell-specific K_offset and UE-specific K_offset updates are summarized in Table1.
Table 1: Requirement on K_offset update for GEO NTN
	
	GEO

	cell-specific K_offset
	No

	UE-specific K_offset
	Yes but very slow



Observation 2-1: For GEO, cell-specific K_offset do not need updates.
Observation 2-2: For GEO, UE-specific K_offset need updates but with a very low frequency that less than once per minute.
Proposal 2: For GEO, UE-specific K_offset can be updated by RRC reconfiguration.

For LEO cell-specific K_offset, it is affected by the location of the reference point. 
(1) If the distance between RP and satellite is fixed (including the scenario that RP is at satellite)，the network dynamically compensates the drifting part in feeder link RTT. 
In an earth-moving cell, the distance between RP and the furthest point in the cell is fixed. Therefore, cell-specific K_offset needs no updates.
In an earth-fixed cell, the distance between RP and the furthest point in the cell is variable, therefore, cell-specific K_offset needs updates. However, if using the upper limit value (a large enough value), cell-specific K_offset may not need updates.

(2) If the distance between RP and gateway/gNB is fixed (including the scenario that RP is at gateway/gNB), the network compensates a constant part in feeder link RTT.
In both earth-moving scenario and earth-fixed scenario, cell-specific K_offset needs updates.

For LEO UE-specific K_offset, it always needs updates. This is because that neither the static compensation nor the dynamic compensation of the network can let all UEs’ K_offset remain unchanged. The difference is that the max drift rate of UE-specific K_offset under fixed network compensation is twice that of dynamic network compensation.

Requirements for LEO cell-specific K_offset and UE-specific K_offset updates are summarized in Table2：

Table 2:  Requirement on K_offset update for LEO NTN
	
	[bookmark: OLE_LINK6]Fixed network compensation
	Dynamic network compensation

	
	[bookmark: OLE_LINK5]Earth-moving 
	Earth-fixed 
	Earth-moving 
	Earth-fixed 

	cell-specific K_offset
	Yes ( x2*)
	Yes (x2)
	No
	No (**) or 
Yes

	UE-specific K_offset
	Yes (x2) 
	Yes (x2)
	Yes
	Yes


(*Note: ‘Yes(x2)’ means the max update rate is twice of the items signed with ‘Yes’.)
(**Note: using upper limit value can avoid cell-specific K_offset updates)

Taking LEO500 as an example, the update rate of UE-specific K_offset is analyzed.
Firstly, the distance between a UE ( whose movement speed is ignored) and a zenith passing satellite (with an obit height of 500km) is shown in Figure1.
[image: ]
Figure 1:  Distance between a fixed UE and a zenith passing LEO500 satellite

Take two point ( T1=141.7s, T2=173.2 ) in figure1, RTT and other related parameters are listed in Table3. 

Table 3:  An example of service link RTT change
	
	Time 
(Seconds)
	Distance of service link
(Km)
	RTT
(ms)
	Angle of elevation
(Degree)

	T1
	141.7
	1152.3
	7.7
	21.1

	T2
	173.2
	1363.3
	9.1
	15.9

	Difference
	31.5
	211.0
	1.4
	-5.2



Between T1 and T2, change rate of the service link RTT is 1.4/31.5=0.045ms per second. Change rate of UE-specific K_offset is: 2^μ* 0.045 slot per second, whereμis the subcarrier interval configuration parameter ().
[bookmark: OLE_LINK1]Whenμ=3, the changing rate of K_offset is: 8*0.045 =0.36 slot per second. 
In the case that the feeder link and the service link change at the same time, the two parts may change in the same direction or the opposite direction. When the two parts change in the same direction, max change rate is approximately 2*0.36=0.72 slot per second. 

Observation 3-1: For LEO, if the network compensates the feeder link RTT drift dynamically，cell-specific K_offset update may not be needed，otherwise it is needed.
Observation 3-2: For LEO, no matter the network compensates the feeder link RTT drift dynamically or not, UE-specific K_offset needs updates.
Observation 3-3: For LEO, update rate of UE-specific K_offset dependents on multiple factors including (1) orbit height, (2) SCS, (3)whether or not the network dynamically compensates the drifting part of the feeder link. 
Observation 3-4: Taking LEO500 as an example，the max change rate of UE-specific K_offset can be up to 0.72 slot per second.
Proposal 3-1: For LEO, determine the update rate of UE-specific K_offset according to (1) orbit height, (2) SCS, (3)whether or not the network dynamically compensates the drifting part of the feeder link.
Proposal 3-2: For LEO, update UE-specific K_offset by RRC reconfiguration or MC CE according to system configurations.

Fundamentally, a UE-specific K_offset is caused by the UE’s RTT and related to the UE’s timing advance. Therefore, UE-specific K_offset can be calculated according TA_ue[4] autonomously. 

Observation 4: UE-specific K_offset can be calculated autonomously according to UE’s TA. Signaling overhead can be saved.
Proposal 4: UE calculates UE-specific K_offset autonomously according to UE’s TA, using a formula such as: UE-specific K_offset = ceiling (TA_ue/slot duration).

According to [4], the formulas of TA compensation are as follows:
TA_network = TA_feederlink - TA_common
TA_ue = TA_servicelink + TA_common
Where  
TA_network is the TA compensated by network,
TA_ue is the TA compensated by UE,
TA_feederlink is the TA caused by the feeder link,
TA_servicelink is the TA caused by the service link,
TA_common is the TA caused by the part between RP and satellite.
Therefore,
TA_ue = TA_servicelink + TA_feederlink - TA_network
Note that:
TA_servicelink can be calculated based on UE’s GNSS location information and ephemeris information. 
TA_feederlink can be calculated based on gNB’s location information and ephemeris information. 
TA_network can be calculated based on the distance between gNB and RP (Reference Point). 
TA can be determined based on the following 4 information:
(1) UE’s location information (GNSS)
(2) Ephemeris information
(3) gNB’s location information
(4) Distance between gNB and RP (or the TA compensated by the network)
It has already been agreed in RAN1 that UE is capable to acquire (1) and (2). So if UE can also acquire (3) and (4), then UE can calculated TA_ue autonomously. Importantly, (3) is a fixed value for a gNB, (4) can also be a fixed value (supported by many companies in RAN1 105-e), which means these information does not need updates during a feeder link connection. 

Observation 5: Given gNB’s location information and the distance between the gNB and the RP (or the TA compensated by the network ), UE can calculate UE-specific K_offset. If the distance between the gNB and the RP is a fixed value, signaling overhead can be greatly saved. It might be the most efficient way to settle the issue of UE-specific K_offset update.
Proposal 5: UE acquires from the network the location information of the gNB and the distance information between gNB and RP (or TA_network) to calculate TA_ue, and then get UE-specific K_offset according to Proposal 4. If TA_network does not change, UE can update UE-specific K_offset autonomously.

In addition, we would like to support beam-specific K_offset. The reasons are as following.
Firstly, beam-specific K_offset is smaller than cell-specific K_offset. Therefore, by using beam-specific K_offset instead of cell-specific K_offset, waiting time could be shorter. When beam footprint is small, beam-specific K_offset can actually be close to UE-specific K_offset.
Secondly, beam-specific K_offset can be broadcast or indicated in a beam-level common signaling, and therefore greatly reduce the signaling overhead and physical resources to transfer UE-specific K_offset to each UE separately. 
Thirdly, compared with UE-specific K_offset, beam-specific K_offset may remain unchanged for longer time, and therefore requires less updates. In some scenarios (for example, earth-fixed beam and dynamic compensation on feeder link RTT drift by network), beam-specific K_offset can even remain constant and therefore does not require update within the beam. After beam switching, UE may update beam-specific K_offset according to signaling or indication of the new beam. 

Observation 6: It is beneficial to use beam-specific K_offset instead of cell-specific K_offset to achieve better efficiency in UL response. It is also beneficial to use beam-specific K_offset instead of UE-specific K_offset to achieve better efficiency in signaling overhead.
Proposal 6：Support beam-specific K_offset to to achieve better efficiency in UL response or achieve better efficiency in signaling overhead.

[bookmark: OLE_LINK48]K_offset value determination
In RAN1#105-e, the determination of cell-specific K_offset in system information is discussed. The topic is raised up in #104bis-e[1].
Agreement:
· For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link



Our proposal is:
Proposal 7: For determination of cell-specific K_offset, support as many as possible options to facilitate different system deployments:
· Option 1: Signal 1 value as the cell-specific K_offset. It is an upper limit value to cover all possible TA in the cell during the total period of a feeder link connection, so that it does not need update during this feederlink connection.
· Option 2: Signal 2 values. Value1 is to cover TA_servicelink_max. Value2 is to cover TA_common. Cell-specific K_offset is the sum of Value1 and Value2.
· Option 3: Signal 3 values. Value1 is TA_servicelink_max. Value2 is gNB’s location. Value3 is TA_network. UE calculates TA_feederlink base on value2 and ephemeris information. Then UE calculate cell-specific K_offset using the formula:
cell-specific K_offset = ceiling ( (TA_servicelink_max + TA_feederlink -TA_network) / slot duration )
Where,
TA_servicelink_max is the TA to cover the maximum RTT of the servicelink in a cell.
TA_feederlink is the TA to cover the feeder link.
TA_common is the TA to cover the RTT between RP and satellite.
TA_network is the TA compensated by the network.

K_offset usage
In the 105-e meeting, the usage of K_offset has been discussed and consensus was reached on the timing relationships that always use the K_offset value signaled in system information. 
[bookmark: _GoBack]Agreement:
The K_offset value signaled in system information is always used for
· 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
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported



K_offset has different types, including cell, beam and UE specific, which represents different values. When we discuss the usage of K_offset, it is necessary to specify cell, beam or UE specific. 

Proposal 8-1: Explicitly state cell-specific K_offset instead of ‘The K_offset value signaled in system information’.
Proposal 8-2：In RAN1, we suggest to use the specific types of K_offset, i.e. cell-specific K_offset, beam-specific K_offset or UE-specific K_offset, when discussing its usage.
Proposal 8-3：Cell-specific, beam-specific and UE-specific K_offset need to be maintained separately so that it can be assigned, updated and used independently.

Observation 9-1：Cell-specific K_offset is configured in system information and can be used in/after the initial access stage. Cell-specific K_offset is related to the maximum RTT in one cell.

For Beam-specific K_offset, its value is generally between that of cell-specific and UE-specific K_offset. 
Beam-specific K_offset may be supported in initial access. But there is still no consensus on how to support it now. For example, this K_offset can be configured in system information or in other ways. As Huawei proposed in the 104-e meeting, beam-specific K_ offset can be derived by common TA and a differential value carried by msg2. After initial access, this K_offset can be updated. 
If beam-specific K_offset is not supported in initial access, it may be achieved by K_offset updating after RACH.

Observation 9-2：If beam-specific K_offset is configured in system information, it can be used in initial access. The value of beam-specific K_offset is generally between that of cell-specific and UE-specific K_offset.
Observation 9-3：UE-specific K_offset is the value generally obtained after initial access, which should be the most accurate value for each UE in a cell.

Cell/beam specific K_offset is required for transmission timing related to random access. Considering different situations in random access: 
(1) In initial access, UEs have not accessed the network and can’t obtain the UE-specific K_offset, so the cell/beam specific K_offset (signaled in system information or msg2) should be used.
(2) UEs perform random access in connected state, for example, cell handover. If UE is provided with UE-specific K_offset, when multiple UEs use their respective values, the network may not be able to track these values in time, which will lead to conflict and waste of system resources. Therefore, in order to ensure access, cell/beam specific K_offset instead of UE specific should be used.
Proposal 9-1：Cell/Beam specific K_offset configured in system information or msg2 should be used for timing relationships related to random access.
Proposal 9-2：If UE is provided with UE-specific K_offset, it should be used for timing relationships that not related to random access processes. 
Proposal 9-3：If UE-specific K_offset is aging, cell/beam specific value should be used instead of it.
Proposal 9-4：When beam/UE specific K_offset is not available, cell-specific value can be applied for all the timing relationships.

Beam-specific K_offset in initial access
Regarding whether or not beam-specific K_offset is supported in initial access, it has been discussed in several meetings from 103-e to 105-e meeting. Current results are polarized. Both supporters and opponents put forward their own views. We consider that this problem depending on how to deploy beam-specific K_offset in initial stage. There may be various modes:
Mode 1: Multiple beam-specific K_offset in a cell are configured in system information and broadcast to this cell. That is, a list of beam-specific K_offset is broadcast in a cell.
Mode 2: A beam-specific system information is sent in each beam to carry corresponding beam-specific K_offset. That is, system information is beam level.
Mode 3: Beam-specific K_offset is indicated by SSB-index. The beam specific value can be derived from SSB-index according to some relationships, and it is an implicit signaling. In this mode, the beams with the same K_offset have the same SSB-index. 
Mode 4：Beam-specific K_offset is indicated in the temporary C-RNTI of Msg2. 
In 105-e, Nokia mentioned that even for large coverage areas, the set of needed “K_offset values” is relatively small compared to the maximum number of beams. Some K_offset may be used repeatedly among multiple beams, and they considered this is a drawback of the beam specific, thus beam specific is unnecessary. However, according to our analysis, if beam-specific K_offset is supported with Mode 1, the repeatedly used K_ offset can only be configured once by adopting some mechanism, such as grouping. That is, beams that repeatedly use the same K_offset value can be grouped together. Thus, the set of “K_offset values” signaled is small and signaling overhead can be saved to a certain extent. 
Observation 10-1：If beam-specific K_offset is supported with Mode 1, a set of K_offset may be broadcast to each cell. Since some K_offset values may be repeatedly used among multiple beams, by applying certain mechanism, such as grouping, the number of K_offset values signaled can be decreased and signaling overhead can be saved. 
In TN, system information is cell specific. We suggest that system information in NTN can be beam specific and that’s how Mode 2 works. In Mode 2, K_offset for each beam is configured in system information and broadcasted to the corresponding beam. In this way, supporting beam-specific K_offset is direct and simple. Furthermore, if beam-specific K_offset updating is rare for GEO and LEO with earth moving cells, the system complexity can be reduced.
Observation 10-2: If system information is beam specific, then beam-specific K_offset with Mode 2 is suitable. Meanwhile, if beam-specific K_offset does not need frequent updates, the system complexity can be reduced.
Proposal 10-3: In order to support beam-specific K_offset, we suggest to support beam-specific system information, which carries beam-specific K_offset value and is broadcast in each beam.
In Mode 3, K_offset of each beam is indicated by SSB-index. The advantage is that system information is not modified, and the signaling overhead is not increased. Meanwhile, some parameters in system information can be used. In this mode, some issues, such as relationships between K_offset and SSB-index, configuration and expansion of SSB-index, should be discussed further.
For Mode 4, Huawei proposed in the 104-e meeting that in order to support beam-specific K_ offset, a differential value can be carried by msg2. In 105-e, Nokia mentioned that implicit signaling of the K_offset value using the existing fields in Msg2 may most likely be applied. According to these views, beam specific value may potentially be indicated in the fields of Msg2. We consider that the temporary C-RNTI in msg2 is usable, because it has a larger scope and may be more flexible to support beam specific value. 
Proposal 10-4: Temporary C-RNTI in msg2 is suitable to carry beam-specific K_ offset, due to its large range and thus flexibility.
Proposal 10-5: Support beam-specific K_ offset in initial access, using one or more modes from Mode 1 to Mode 4 elaborated above.


Conclusions
[bookmark: _Ref124671424][bookmark: _Ref124589665][bookmark: _Ref71620620]In this contribution, we discussed enhancements for timing relationship in NTN. Then we get the following observations and proposals:
Observation 1: K_offset includes cell-specific K_offset, beam-specific K_offset, and UE-specific K_offset, all of which need updates respectively.
Proposal 1: For clarity, we propose to explicitly state UE-specific K_offset, beam-specific K_offset, or cell-specific K_offset when discussing K_offset.
Observation 2-1: For GEO, cell-specific K_offset do not need updates.
Observation 2-2: For GEO, UE-specific K_offset need updates but with a very low frequency that less than once per minute.
Proposal 2: For GEO, UE-specific K_offset can be updated by RRC reconfiguration.
Observation 3-1: For LEO, if the network compensates the feeder link RTT drift dynamically，cell-specific K_offset update may not be needed，otherwise it is needed.
Observation 3-2: For LEO, no matter the network compensates the feeder link RTT drift dynamically or not, UE-specific K_offset needs updates.
Observation 3-3: For LEO, update rate of UE-specific K_offset dependents on multiple factors including (1) orbit height, (2) SCS, (3)whether or not the network dynamically compensates the drifting part of the feeder link. 
Observation 3-4: Taking LEO500 as an example，the max change rate of UE-specific K_offset can be up to 0.72 slot per second.
Proposal 3-1: For LEO, determine the update rate of UE-specific K_offset according to (1) orbit height, (2) SCS, (3)whether or not the network dynamically compensates the drifting part of the feeder link.
Proposal 3-2: For LEO, update UE-specific K_offset by RRC reconfiguration or MC CE according to system configurations.
Observation 4: UE-specific K_offset can be calculated autonomously according to UE’s TA. Signaling overhead can be saved.
Proposal 4: UE calculates UE-specific K_offset autonomously according to UE’s TA, using a formula such as: UE-specific K_offset = ceiling (TA_ue/slot duration).
Observation 5: Given gNB’s location information and the distance between the gNB and the RP (or the TA compensated by the network ), UE can calculate UE-specific K_offset. If the distance between the gNB and the RP is a fixed value, signaling overhead can be greatly saved. It might be the most efficient way to settle the issue of UE-specific K_offset update.
Proposal 5: UE acquires from the network the location information of the gNB and the distance information between gNB and RP (or TA_network) to calculate TA_ue, and then get UE-specific K_offset according to Proposal 4. If TA_network does not change, UE can update UE-specific K_offset autonomously.
Observation 6: It is beneficial to use beam-specific K_offset instead of cell-specific K_offset to achieve better efficiency in UL response. It is also beneficial to use beam-specific K_offset instead of UE-specific K_offset to achieve better efficiency in signaling overhead.
Proposal 6：Support beam-specific K_offset to to achieve better efficiency in UL response or achieve better efficiency in signaling overhead.
Proposal 7: For determination of cell-specific K_offset, support as many as possible options to facilitate different system deployments:
· Option 1: Signal 1 value as the cell-specific K_offset. It is an upper limit value to cover all possible TA in the cell during the total period of a feeder link connection, so that it does not need update during this feederlink connection.
· Option 2: Signal 2 values. Value1 is to cover TA_servicelink_max. Value2 is to cover TA_common. Cell-specific K_offset is the sum of Value1 and Value2.
· Option 3: Signal 3 values. Value1 is TA_servicelink_max. Value2 is gNB’s location. Value3 is TA_network. UE calculates TA_feederlink base on value2 and ephemeris information. Then UE calculate cell-specific K_offset using the formula:
cell-specific K_offset = ceiling ( (TA_servicelink_max + TA_feederlink -TA_network) / slot duration )
Where,
TA_servicelink_max is the TA to cover the maximum RTT of the servicelink in a cell.
TA_feederlink is the TA to cover the feeder link.
TA_common is the TA to cover the RTT between RP and satellite.
TA_network is the TA compensated by the network.
Proposal 8-1: Explicitly state cell-specific K_offset instead of ‘The K_offset value signaled in system information’.
Proposal 8-2：In RAN1, we suggest to use the specific types of K_offset, i.e. cell-specific K_offset, beam-specific K_offset or UE-specific K_offset, when discussing its usage.
Proposal 8-3：Cell-specific, beam-specific and UE-specific K_offset need to be maintained separately so that it can be assigned, updated and used independently.
Observation 9-1：Cell-specific K_offset is configured in system information and can be used in/after the initial access stage. Cell-specific K_offset is related to the maximum RTT in one cell.
Observation 9-2：If beam-specific K_offset is configured in system information, it can be used in initial access. The value of beam-specific K_offset is generally between that of cell-specific and UE-specific K_offset.
Observation 9-3：UE-specific K_offset is the value generally obtained after initial access, which should be the most accurate value for each UE in a cell.
Proposal 9-1：Cell/Beam specific K_offset configured in system information or msg2 should be used for timing relationships related to random access.
Proposal 9-2：If UE is provided with UE-specific K_offset, it should be used for timing relationships that not related to random access processes. 
Proposal 9-3：If UE-specific K_offset is aging, cell/beam specific value should be used instead of it.
Proposal 9-4：When beam/UE specific K_offset is not available, cell-specific value can be applied for all the timing relationships.
Observation 10-1：If beam-specific K_offset is supported with Mode 1, a set of K_offset may be broadcast to each cell. Since some K_offset values may be repeatedly used among multiple beams, by applying certain mechanism, such as grouping, the number of K_offset values signaled can be decreased and signaling overhead can be saved. 
Observation 10-2: If system information is beam specific, then beam-specific K_offset with Mode 2 is suitable. Meanwhile, if beam-specific K_offset does not need frequent updates, the system complexity can be reduced.
Proposal 10-3: In order to support beam-specific K_offset, we suggest to support beam-specific system information, which carries beam-specific K_offset value and is broadcast in each beam.
Proposal 10-4: Temporary C-RNTI in msg2 is suitable to carry beam-specific K_ offset, due to its large range and thus flexibility.
Proposal 10-5: Support beam-specific K_ offset in initial access, using one or more modes from Mode 1 to Mode 4 elaborated above.
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