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Introduction
A work item on Non Terrestrial Network (NTN) has been started. According to the WID[1], the following is to be specified in 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



In this document, we discuss issues on timing relationship for NTN. 
Timing relationship  
The timing relationship (e.g. DCI and PUSCH, PDSCH and HARQ-ACK) is specified based on gNB slot timing in NR specification. Because of the long round trip delay in NTN, modification of the timing relationship is necessary. The basic idea described in the TR [3] is to introduce an offset, Koffset, for the timing indication as shown in Figure 1. 
Note that timing relationship defines the target slot for UL transmission based on gNB timing. TA defines how early UE transmits UL signal so that to it is received at the target slot at gNB. 
[image: ]
[bookmark: _Ref47611178]Figure 1 Timing relationship
In the following sections, we discuss timing relationship related to UL transmissions, MAC CE action and CSI reference, respectively. 
UL transmission timing
[bookmark: _Hlk47722233]In TR38.821, the following is described on the transmission of DCI scheduled PUSCH, HARQ-ACK on PUCCH and aperiodic SRS. The offset, Koffset, is added to the equation to define each of the transmission timing. 
	Description in TR38.821
· For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH), the slot allocated for the PUSCH can be modified to be .
· For the transmission timing of RAR grant scheduled PUSCH, the UE transmits the PUSCH in slot .
· For the transmission timing of HARQ-ACK on PUCCH, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot .
· For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .



[bookmark: _Hlk47702021]As mentioned in TR38.821, Koffset is basically cell or beam specific value and broadcasted via SIB. UE specific Koffset,UE is FFS. gNB would set cell specific Koffset value to sufficiently large value to cover the farthest location from the satellite in the cell/beam coverage. UE at a location nearest from the satellite would wait the UL transmission for twice of the differential delay (i.e. RTT difference between farthest UE and nearest UE). According to [3], the maximum differential delay is 10.3 ms for GEO and 3.12ms/3.18 ms for LEO 600km/1200km. 
Further optimization to save such delay would be possible by controlling the offset in UE specific manner. On the other hand, in order to determine the UE offset, gNB would need to obtain UE location information or UE autonomous TA value from each UE for the calculation of the propagation delay. When such information is obtained for other purpose, e.g. beam management and/or mobility, it would be useful to utilize such information for the UE specific control of the offset in order to reduce the latency. 
Note that only cell specific offset should be applied to the transmission timing of RAR grant scheduled PUSCH because gNB has not identified the UE when transmitting RAR. 

Proposal 1: In addition to cell/beam specific Koffset for timing relationship on DCI scheduled PUSCH, HARQ-ACK on PUCCH and aperiodic SRS, UE specific control Koffset,UE, should be introduced. When the network has the UE location or UE autonomous TA information, the network can use it. 
[image: ]
Figure 2 timing relationship for DCI scheduled PUSCH 

MAC CE action timing 
In TR38.821, the following is described on the MAC CE action timing. The offset, Koffset, is added to the equation to define the slot timing the MAC CE command is applied. 
	Description in TR38.821
· For the MAC CE action timing, 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 , where the value of  may depend on NTN UE capability and may not necessarily be equal to . How to determine the value of  is for further study.


Note that “slot n” is the slot where HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted. Our understanding is the term Koffset should be removed from above equation because Koffset is already included in the HARQ-ACK transmission slot “slot n”.
The intention of the MAC CE action timing in terrestrial NR (3 slots after HARQ-ACK transmission corresponding to a PDSCH carrying a MAC-CE command) is the UE MAC command decoding time after FEC decoding. For TCI state Activation/Deactivation and TCI state indication by MAC CE command or DL path loss measurement of the target change by MAC CE command, the same understanding of the MAC CE reflection timing between UE and gNB would be useful as the change of DL status indicated by MAC CE can be applied immediately at the common understanding of the timing. 
In NTN, DL-UL timing difference at gNB may be introduced due to feeder link delay which is basically unknown to UE and can vary according to satellite movement in case of LEO. Even if cell specific TA offset is introduced to adjust DL-UL timing difference [4], some degree of the DL-UL timing difference would be managed by gNB implementation in order to handle DL-UL timing difference caused by satellite movement. Therefore, UE don't know the timing when the transmission from UE is received at gNB. This is illustrated in Figure 3.
[bookmark: _GoBack]If the MAC CE reflection timing of DL status is just after 3 (or X) slots after HARQ-ACK transmission, the timing gNB receives HARQ-ACK can be later than the MAC CE reflection timing of DL status due to the propagation delay. In such case, gNB is not able to use HARQ-ACK reception to determine whether the indicated MAC CE command is applied to DL status. In order to allow gNB to use HARQ-ACK reception to determine whether the indicated MAC CE command is applied to DL status, the MAC CE reflection timing of DL status should be later than the timing gNB receives HARQ-ACK. On the other hand, if gNB does not use HARQ-ACK reception to determine whether the indicated MAC CE command is applied to DL status, e.g. by using a robust transmission for PDSCH containing MAC CE in spite of the inefficiency, the MAC CE reflection timing of DL status is not required to be later than the timing gNB receives HARQ-ACK as gNB may assume MAC CE command is applied at UE.
Our suggestion is to allow gNB to use HARQ-ACK reception to determine whether the indicated MAC CE command is applied to DL status. Therefore, we propose that the MAC CE reflection timing of DL status is after the timing gNB receives HARQ-ACK.
 
[image: ]
[bookmark: _Ref47628028]Figure 3 issue on timing relationship for MAC CE action timing

Proposal 2: To clarify the MAC CE reflection timing of DL status is after the timing gNB receives HARQ-ACK. 

CSI reference timing
In TR38.821, the following is described on the CSI resource reference timing. 
	Description in TR38.821
· For the CSI reference resource timing, the CSI reference resource is given in the downlink slot .


(slot n is the slot used for transmission of CSI report) 
Timing relationship for CSI reference resource timing is shown in Figure 5. UE can determine the CSI reference timing from CSI report transmission slot as follows. 
CSI reference slot at UE = CSI report slot at UE – (Koffset + nCSIref – TA)
[image: ]
[bookmark: _Ref47641983]Figure 5 timing relationship for CSI reference timing
The same Koffset value for UL transmission timing as in section 2.1 can be used. If UE specific control of the offset is applied for UL transmission timing, it can be applied to the determination of CSI reference resource as well. 
Proposal 3: The same offset value as UL transmission timing, Koffset and Koffset,UE, is applied to the timing relationship for the CSI reference resource. 

Conclusion
In this contribution, we discussed issues on timing relationship for NTN. The following are proposed. 
Proposal 1: In addition to cell/beam specific Koffset for timing relationship on DCI scheduled PUSCH, HARQ-ACK on PUCCH and aperiodic SRS, UE specific control, Koffset,UE, should be introduced. When the network has the UE location or UE autonomous TA information, the network can use it.
Proposal 2: To clarify the MAC CE reflection timing of DL status is after the timing gNB receives HARQ-ACK.
Proposal 3: The same offset value as UL transmission timing, Koffset and Koffset,UE, is applied to the timing relationship for the CSI reference resource.
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