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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on NTN Chairman's Notes 103-e [1], there are some agreements and working assumption on timing relationship of NTN, and some FFS points are also mentioned as follows. 
[bookmark: _Hlk56149827]Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.

Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access.

Working Assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.

Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.

Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.

In this contribution, we further analyzed remaining technical issues and presented our views on UE/gNB timing relationship, scheduling offset indication and MAC CE timing.

Discussion 
K_offset and K_mac value determination
As agreed in past two RAN1 meetings, K-offset and K_mac are used for timing compensation for scheduling timing and MAC CE timing respectively. In transparent payload case, reference point may have multiple choices, which will impact exact value determination for K_offset and K_mac. 
For K-offset, its terminating point is reference point, so the K_offset is related to the TA compensation between UE and reference point. If reference point is set in gNB, the maximum K_offset is maximum TA between the UE in cell edge and gNB, while if the reference point is set in the satellite, the maximum K_offset is equal to maximum TA between the UE in the cell edge and the satellite. Therefore, it can be concluded that K_offset is timing compensation between the UE and reference point. Thus, based on this statement, when configuring the exact value of K_offset, it would be no confusion to provide RAN2 guidance.
For K_mac configuration, the intention of using this parameter is to compensate the timing offset for UE and gNB in MAC CE confirmation. Since in the UL transmission, UE is able to compensate the UL TA difference between UE and gNB, K_mac is responsible to timing compensation for the residual timing offset except the TA compensation, this is to say, K_mac is corresponding to the RTT between reference point and gNB.  
Proposal 1: It is needed to clarify the K_offset is associated with the RTT between the UE and reference point and K_mac is associated with the RTT between the reference point and gNB.

K_offset configuration in the initial access 
It is agreed that K_offset can be configured with cell specific way and broadcasted by the system information. The leftover issue is whether to support beam specific configuration. In the initial access stage, the controversial point is whether one cell can comprise of multiple beams and each beam owns different timing offset. Actually if following Rel-15 framework, for RRC-IDLE UE, only one initial BWP is supported, hence, from the UE perspective, only one beam is identified and accessed. Furthermore, even in case of beam sweeping, one cell is associated with multiple beams, but in satellite communication, FDM based beam multiplexing is more popular, so configuring one cell with multiple beams occupying different frequency band is out of Rel-15 framework. Then we think the use case to configure beam specific K_offset in the initial access stage is not justified.
Secondly, for LEO case, the beam covering area and beam size are always changed along the satellite moving, but in the system information broadcasting, frequently updating the K_offset to match real timing change is problematic due to complicated gNB and UE implementation.
Thirdly, beam specific configuration may incur additional overhead and complicated SIB design. In NR SIB structure, all beams sharing same and unique system information, so SIB structure change for NTN is not expected. 
Finally, in the initial access stage, the latency is not a critical issue, hence, even all beams share same K-offset, the access latency is not to be much worse under the context of long propagation delay in NTN scenario.
Therefore, we don’t think beam specific configuration in the initial access stage is a valid solution. If optimizing the latency is really needed, after RRC connection, it can be considered.
Proposal 2: Beam specific K_offset configuration in system information is not supported.  

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]MAC CE timing relationship
The main difference between NTN and TN is that large TA of NTN may result in unaligned downlink and uplink frame timing at gNB. When the reference point is not configured in the gNB, the effective time of MAC CE will have different understanding for the UE and gNB. Based on last meeting agreement, only the case carrying DL MAC CE should be enhanced. 
Agreement:
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 

Based on 102-e Moderator recommendation on Issue #3 for NTN MAC timing [2], MAC CE timing of NR is interpreted as:
[DL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
For NTN case, there are two issues to be resolved. First point is larger TA, and second point is configurable reference point. In order to compensate timing offset between reference point and gNB, MAC CE timing should take into account timing misalignment of the reference point and gNB on top of timing compensation between UE and reference point, so the final timing configuration can be described as:  
[DL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be non-zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
Herein Kmac represents the timing offset between the RP and gNB, and K_offset represents the timing offset between UE and RP.
[bookmark: _GoBack]We also think 3 ms is a valid assumption for NTN case, since it represents the gNB processing time for PUCCH, in general it should be same for NTN gNB and normal gNB.  
Proposal 3: For the MAC CE action timing, the timing offset between the slot of UE received PDSCH and real effective slot can be configured as .

Monitoring timing of RAR 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Based on last meeting agreement, a common timing offset can be broadcasted to help UE to do TA compensation. However, even if the common timing offset is notified to UE, the starting time of monitoring RAR (RACH response) cannot be obtained. As shown in the figure 1a, UE is only aware of the TA between UE and reference point, but has no knowledge to the RTT between UE and gNB. Only in special case, UE can obtain RTT when the reference point is located in gNB as shown in figure 1b. Hence, it is necessary for the network to broadcast a parameter to help UE to set monitoring timing of RAR. 
There are two possible options to help UE obtain the time of monitoring RAR.
Option 1: gNB broadcasts the RTT of feeder link
UE-specific TA can be obtained based on GNSS and ephemeris by UE itself. So the full RTT = UE specific TA + feeder link RTT. RAR window timing is shown in figure 2a.
Option2: gNB broadcasts the common RTT between UE and gNB
Because gNB is not aware of UE’s exact location in initial access stage, gNB may broadcast one common RTT. In this case, RAR window may be extended if there is a larger timing offset between the RTT of cell edge UE and common RTT. RAR window derivation is illustrated in figure 2b.



Figure 1a: reference point is located in the feeder link         Figure 1b: reference point is located in gNB




Figure 2a: RTT calculation based on feeder link RTT     Figure 2b RTT calculation based on common RTT  

No matter which of the above methods is adopted, the network needs to notify an additional parameter different from the common timing offset to help UE obtain the time of monitoring RAR.  
Observation 1: Common timing offset can’t help UE obtain the time of monitoring RAR except that the reference point is located in gNB.
Observation 2: Additional parameter should be introduced, which can be feeder link RTT or a common RTT between UE and gNB.

Proposal 4: An additional parameter must be introduced which should be broadcasted by network to help UE configure the starting time of monitoring RAR.

Conclusion
In this contribution we analyzed timing relationship issues in NTN. 
We proposed:  
Observation 1: Common timing offset can’t help UE obtain the time of monitoring RAR except that the reference point is located in gNB.
Observation 2: Additional parameter should be introduced, which can be feeder link RTT or a common RTT between UE and gNB. 

Proposal 1: It is needed to clarify the K_offset is associated with the RTT between the UE and reference point, and K_mac is associated with the RTT between the reference point and gNB.
Proposal 2: Beam specific K_offset configuration in system information is not supported.  
Proposal 3: For the MAC CE action timing, the timing offset between the slot of UE received PDSCH and real effective slot can be configured as .
Proposal 4: An additional parameter must be introduced which should be broadcasted by network to UE to obtain the time of monitoring RAR.
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