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1. Introduction
In RAN#86 meeting [1], the NTN WI has been endorsed according to the SI progress. The enhancement on timing relationship is identified as the 1st priority item:
· Timing relationship enhancements[RAN1,RAN2]
In this contribution, the timeline for data processing is discussed with detailed enhancement of each parameters. 
1. Enhancement on Timing relationship 
As described in section 6.2.1.1[2], following time relationship have been identified for the enhancement:
· 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 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.
· For the CSI reference resource timing, the CSI reference resource is given in the downlink slot .
· For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot.
The motivation of such enhancements is to handle the impact on the scheduling due to the large RTT in NTN case. For avoiding the additional complexity for the gNB implementation and scheduling ambiguity, the same principle as existing NR that DL/UL frame boundary is aligned at scheduler (i.e., gNB side), should be followed as the baseline. For example, as illustrated in Figure 1, for the UL transmission according to the DL scheduling, the extension of scheduling offset should be able to cover the full TA as defined in [3]. 
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[bookmark: _Ref47191479]Figure 1 Illustration of full TA adjustment at UE to align the DL/UL frame boundary at BS [2]
Proposal 1: Aligned DL-UL frame boundary at scheduler (i.e., gNB side) side should be the baseline for timing relationship enhancement.
1. [bookmark: _Ref47467225]Acquisition of Koffset 
According to the deployment of NTN typical scenarios, the propagation delay can be divided into two parts, i.e., a common and a UE specific delay, wherein the common delay is determined by the propagation delay between the satellite and reference point, e.g., the center of beam foot print for regenerative payload, which includes the delay due to the impact of feeder link. And the UE specific delay may be up to the cell/beam size. Given the relationship between TA and scheduling elaborated in Figure 2, TA mechanism of UEs should be synthetically considered when we discuss details of scheduling offset. For example, the introduced Koffset should be able to cover the common TA, while UE specific TA can be handled via extension of existing offset (i.e., k, K1, K2).
[image: ]
[bookmark: _Ref47424717]Figure 2 Illustration of relationship between TA and overall offset
W.r.t the Koffset , more specifically, according to the indicated common TA from gNB, it can be directly derived by both gNB and the UE, e.g., convert the value according to the numerology for corresponding scenario. For example, w.r.t the PUSCH transmission, the conversion of common TA to Koffset will be done based on the SCS of PUSCH.
In another approach, the Koffset can be indicated to the UE explicitly by common signaling, e.g., SIB. It means that the aforementioned conversion will be done at BS side with the knowledge of common TA. Comparing to the first one, additional signaling for updating the Koffset  is needed to handle the impacts of variation due to timing drift.
[bookmark: _GoBack]For the configuration of UE specific scheduling offset, different consideration according to the transmission scheme at each stage is needed. For example, once the pre-compensation is assumed at UE for preamble transmission, if the compensated value is not available at BS side, the  for the PSUCH scheduled by RAR should be set to cover the maximum UE specific TA in one beam. However, if such value is acquired by gNB according to the UE’s report, e.g., via two-step RACH, the determination of these UE specific value for indication can be well tuned for each UE.
In addition, for other scenario such as HAPS, due to the lower altitude platform, the introduction of Koffset may not be necessary and extension of UE specific value will be enough to handle the large beam width.
Proposal 2: The Koffset for all UEs should be derived from corresponding common TA value.
Proposal 3: The impact of UE specific TA on scheduling offset can be handled via extension of existing offset (i.e., k, K1, K2).
Proposal 4: In case of UE dominated synchronization approach, the reported TA value from UE side should be considered for the configuration of UE specific offset (i.e., k, K1, K2).
Proposal 5: For Msg-3 transmission, the existing offset (K2) should be configured to cover the maximum UE specific TA value. 
1. Unit of extended offset
As mentioned in section 2.1, Koffset can be derived via conversion of common TA in different scenarios. Due to the larger round trip delay in NTN system, the common TA could be dozens of milliseconds. And intuitive examples of conversion is to transfer unit of millisecond into unit of frame, subframe, slot, or symbol, wherein the length of slot depends on the numerology of scheduled transmission. Apparently, in case of derivation based solution, different unit as frame/slot can be naturally handled by corresponding deriving from common TA with slight computation impact. 
However, the impact of unit would be critical for the solution via explicit indication of Koffset. For example, the maximum RTD is 541.46 ms in GEO scenario. The bit size for indication will be up to at least 10 bits if the unit is set as slot, while this value will be reduced to 6 bits once it’s quantized as frame. In contrast, for LEO or HAPS scenario, the size of Koffset in slot could be only several bits due to the shorter RTD. To ensure the unified design, proper unit should be considered in different use cases and additional information, e.g., signaling, on the unit will be helpful for the bit-field interpretation of Koffset.
W.r.t UE specific scheduling offset, legacy BS dominated signaling mechanism is preferred. And reduction of signaling overhead can be achieved by using proper unit for the extension of existing offset (i.e., k, K1, K2).For instance, the offset can be indicated in a form of x subframes and y slots.
Proposal 6: In case of indication on the offset, i.e., common offset and UE specific offset, proper setting of the unit should be considered to support all scenarios with lower overhead. 
1. Application timing for MAC CE
In addition to the Koffset discussed above, for the application timing of MAC CE, another parameter X is also pending for decision. Generally, this value is mainly determined by the minimum capability for MAC CE signaling processing/application at UE side, e.g., X = 3 in NR [4].
Following the same logic, the single value, e.g., same as the NR, can still be reused in NTN case. More specific, among all UEs types supported by the NTN, the normal mobile UE should be the baseline and enhanced capability with smaller X can be expected for others, e.g., CPE and vehicle mounted terminal. Even for other case with consideration on the terminal structure, e.g., mechanical antenna structure for VSAT UE, if necessary, additional margin can still be covered by the Koffset.
Proposal 7: For the MAC CE action timing, the existing value of X , i.e., X = 3, can be reused in NTN.
1. Conclusions
In this contribution, detailed analysis on the timing relationship with consideration on the impact of NTN is conducted with following proposals: 
Proposal 1: Aligned DL-UL frame boundary at scheduler (i.e., gNB side) side should be the baseline for timing relationship enhancement.
Proposal 2: The Koffset for all UEs should be derived from corresponding common TA value.
Proposal 3: The impact of UE specific TA on scheduling offset can be handled via extension of existing offset (i.e., k, K1, K2).
Proposal 4: In case of UE dominated synchronization approach, the reported TA value from UE side should be considered for the configuration of UE specific offset (i.e., k, K1, K2).
Proposal 5: For Msg-3 transmission, the existing offset (K2) should be configured to cover the maximum UE specific TA value. 
Proposal 6: In case of indication on the offset, i.e., common offset and UE specific offset, proper setting of the unit should be considered to support all scenarios with lower overhead. 
Proposal 7: For the MAC CE action timing, the existing value of X , i.e., X = 3, can be reused in NTN.
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