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Introduction
In RAN1 102e, the following agreements on timing relationships for NTN were made [1]:
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.
Agreement:
[bookmark: _Hlk53936018]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 document, we discuss additional timing relationships that are not included in the above agreements and mechanisms for further enhancements.
[bookmark: _Ref473802466][bookmark: _Ref462669569]
Discussions
Various timing relationships are related to the time reference and timing advance (TA). It is therefore important to consider the time reference and TA when discussing timing relationships. In NTN, as long as UL transmissions are synchronized at the arrival of a satellite, there will be no interference among UEs. Hence, both gateway and satellite can be potentially the reference point for time and frequency. Comparing service link delay and feeder link delay from timing relationships perspective, we have
· Service link delay must be accurately tracked and compensated by a UE in the form of TA.
· Feeder link delay does not need to be constantly tracked by a UE. It is therefore better to be dealt by a timing relationship offset, which doesn’t need fine granularity as TA does.

 In addition, it is important to note the following.
Observation 1:  In NTN with transparent networks, DL and UL SFN synchronization at gateway cannot be achieved unless feeder link delay can be tracked and compensated by UE.
From the above discussions, it is not desirable to include feeder link in TA, see [2] for more details. 
Assuming that TA consists of only service link delay, two types of timing relationship offsets can be identified. They are:
· Type 1: To ensure that an UL transmission or report is causal.  Consequently, the associated Koffset must be greater than or equal to TA or equivalently the service link roundtrip delay (RTD). This offset applies to 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.

· Type 2: To compensate feeder link RTD. Consequently, the associated Koffset must be greater than or equal to the feeder link RTD. This applies to at least the following timing relationship:	
· Application time of MAC-CE commands with DL configuration as illustrated in Figure 1. 





Figure 1. Koffset for MAC-CE commands with DL configuration: the associated HARQ-ACK arriving at satellite in slot n will arrive at gNB in slot n+2*df with 2df as the feeder link RTD.

Although the above two types of offsets are used to cover different delay components, they don’t have to take different values. In fact, a Koffset value that is larger than or equal to the larger of the service link RTD and the feeder ink RTD can be used for both of the two types. 
Proposal 1:  
· Introduce Koffset for the following timing relationship:
· When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot  (the value of X is FFS), where  denotes the number of slots per subframe for subcarrier spacing configuration .
· FFS if the above Koffset is applied to PRACH transmission.
· The above does not preclude the use of the same Koffset value as that for DCI scheduled PUSCH.

[bookmark: _Hlk47259707]When the same value of Koffset is applied to all UEs in a cell or beam, Koffset must be larger than or equal to the maximal RTD of the cell or beam. Doing so, all the UEs in a cell or beam are subject to the maximal scheduling or action delay when DL-UL interaction is involved.  As shown as the alternative 1 in Figure 1, all UEs, near or far from the satellite, experience the same overall scheduling plus transmission delay. The unnecessary scheduling delay imposed on UEs near the satellite due to a common Koffset  per cell/beam can be significant when the size of the cell/beam is large. Additionally, this will create new buffering requirements at the UEs due to the increased delay between receiving a DL message and transmitting the corresponding UL response. In such case, UE specific Koffset can be configured so that UEs near the satellite can have smaller UL scheduling and transmission delay as shown as the alternative 2 in Figure 1.

	
Figure 2. UL scheduling and transmission delay with cell/beam specific Koffset vs UE specific Koffset. 

One way to support UE specific Koffset is to let UE report its timing advance (TA) including both UE autonomous timing advance and accumulated TA commands, e.g., in message 3, and to use the reported TA rounded up to a whole number in slots or ms as the new Koffset. For LEO satellites, the RTD can change as satellites moves. To support minimized scheduling delay with varying RTD, periodic report of TA and updating of koffset can be supported. 
Proposal 2: Support UE specific Koffset based on UE TA report(s).
· Exact mechanisms for UE TA report and associated signalling of Koffset are FFS.

Conclusions
In this contribution, we have discussed the use of TA and timing relationship offset for timing relationships in NTN. We have the following observations and proposals:
Observation 1:  In NTN with transparent networks, DL and UL SFN synchronization at gateway cannot be achieved unless feeder link delay can be tracked and compensated.
Proposal 1:  
· Introduce Koffset for the following timing relationship:
· When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot  (the value of X is FFS), where  denotes the number of slots per subframe for subcarrier spacing configuration .
· FFS if the above Koffset is applied to PRACH transmission.
· Note that the above does not preclude the use of the same Koffset value as that for DCI scheduled PUSCH.


Proposal 2: Support UE specific Koffset based on UE TA report(s).
· Exact mechanisms for UE TA report and associated signalling of Koffset are FFS.
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