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Introduction
At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) [1]. In this contribution, we make observations and proposals for timing enhancements to support NB-IoT and eMTC over satellite.
[bookmark: _Ref481671177]Configuration of K_offset in initial access   
RAN1#102e and RAN1#103e made the following agreements for NR NTN:
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.
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.

In NB-IoT or eMTC, there is no transmission of aperiodic SRS, and there is no CSI RS. The agreement on timing relationships for Koffset in NR NTN can apply for NB-IoT and eMTC for the DCI scheduled PUSCH and RAR grant scheduled PUSCH as is further discussed below: 
UL Grant for NPUSCH Format 1: This case is illustrated in Figure 1. A UE needs to get UL grant in DCI Format N0 on NPDCCH at time n for data transmission on NPUSCH Format 2 at time n + ko , but needs to advance its UL transmission before receiving NPDCCH at time n. eNB is not aware of UE estimated delay which needs to be taken into when scheduling UL grant to avoid collisions between UL transmissions of UEs experiencing different RTDs. As in NR NTN, a solution is to introduce UL scheduling K_offset. For the transmission timing of DCI scheduled NPUSCH Format N0, the slot allocated for the NPUSCH can be modified to be .
[bookmark: _GoBack]UL HARQ feedback on NPUSCH Format 2: This case is illustrated in Figure 2. A UE needs to report UL HARQ feedback on NPUSCH Format 2 at time n + ko as indicated in DCI Format N1 on NPDCCH at time n, but needs to advance its UL transmission before receiving NPDCCH at time n. eNB is not aware of UE estimated delay which needs to be taken into when scheduling NPUSCH Format 2 to avoid collisions between UL transmissions of UEs experiencing different RTDs. A solution is to introduce UL scheduling offset K_offset. For the transmission timing of HARQ-ACK on NPUSH Format 2, the UE provides corresponding HARQ-ACK information in a NPUSH transmission within slot .
UL Grant for RAR on NPUSCH format 1: This case is illustrated in Figure 3. UE needs to get UL grant in RAR at time n for MSG3 transmission on NPUSCH Format 2 at time n + ko, but needs to advance its UL transmission before receiving RAR at time n. eNB is not aware of UE estimated delay which needs to be taken into when scheduling UL grant in RAR for to avoid collisions between UL transmissions of UEs experiencing different RTDs. A solution is to introduce UL scheduling offset Koffset. For the transmission timing of RAR grant scheduled NPUSCH Format 1, the UE transmits the NPUSCH format 1  in slot .
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Figure 1: UL Grant for NPUSCH Format 1
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Figure 2: UL HARQ feedback on NPUSCH Format 2
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Figure 3: UL Grant for RAR on NPUSCH Format 1

Proposal 1: Introduce K_offset to enhance the following timing relationships for NB-IoT NTN is beneficial:
· For NB-IoT, on receiving UL grant on DCI format N0 in slot n, NPUSCH Format 1 is transmitted in subframe  n+k0+K_offset.
· For NB-IoT, on receiving DL assignment on DCI format N1 in slot n, HARQ-ACK on NPUSH Format 2 is transmitted in subframe  n+k0+K_offset.
· For NB-IoT, on receiving a NPDSCH with a RAR message in slot n, message 3 is transmitted on NPUSCH format 1in subframe  n+k0+K_offset.
Similarly to NR NTN, to avoid any clash between UE transmissions of Message 3 during initial cell access, the cell-specific Koffset should be configured to be equal to the maximum RTD of the cell. In NR NTN, the benefit of beam-specific Koffset in initial access is unclear. Configuration of a beam-specific Koffset requires beam-specific K-offset to be broadcast on SIB increases system information overhead in satellite with cells with large number of beams and is trade off between UL scheduler flexibility in initial access and SIB overhead. In IOT NTN, it can be expected that the number of beams per cell could be relatively smaller – i.e. in the order of 10 or smaller. The beam spot size could be relatively larger – e.g. 234 km (Eutelsat parameters set 3) or larger. 
Observation 1: Configuration of a beam-specific K_offset requires beam-specific K_offset to be broadcast on SIB increases system information overhead in a satellite cell with moderate number of beams and may be acceptable trade-off between UL scheduler flexibility in initial access and SIB overhead.

Updating K_offset in connected   
Assuming the K_offset broadcast on SIB for initial access, it will be the same for all UEs within the cell or beam. Assuming a maximum beam foot print size 3500 km in GEO and 1000 km in LEO, the maximum differential delay is 10.3 ms and 3.2 ms respectively [TR 38.821, Table 4.2-2]. The K_offset value could be configured to be equal to the maximum differential RTD of 20.6 ms and 6.4 ms, which corresponds to about 21 subframes for GEO. A smaller Koffset value could be used to handle the UE-specific differential delay in NTN if the UE reports the autonomous TA report in Msg 3 in initial cell access or in Msg 5. There are two issues with using the K_offset value configured to the maximum differential TA in case of FDD-Half-Duplex Systems:
· Collision of DL and UL subframes illustrated in Figure 4, where DL and UL scheduling by the BS collide at the UE
· Interrupted DL subframes when the eNB schedules an UL subframe to one or several UEs, but cannot schedule DL transmissions for the other UEs within the maximum differential TA. 
The two issues considered below can be avoided if the UE reports its autonomous TA to make the eNB aware of the TA the UE has used for UE pre-compensation of satellite delay. The eNB can update the K_offset value for connected UE based on the UE autonomous report of TA.
The TA report only needs to be sent to avoid subframe collision between UL transmissions by UEs within the cell assuming K_offset is smaller than maximum RTD in the cell. It is sufficient if the TA report is reported by UE when its UE-specific TA has changed by half subframe duration. For example with LEO=600 km, the satellite speed is 7.6 km/s. The time drift in one second is about 25.33 us (i.e. d=v*t= 7600 m/s * 1 s=7600 m, and t=d/c = 7600/3.108 = 25.33  us).  The UE autonomously acquired TA report needs to be sent by UE about every 20 seconds (=500 µs / 25.33 µs). 
Observation 2: For half-duplex UEs (including NB-IoT and HD eMTC), configuring K_offset value to maximum differential TA may cause collision of DL and UL subframes
Observation 3: For half-duplex UEs (including NB-IoT and HD eMTC), configuring K_offset value to maximum differential TA may cause interruption of DL subframes.
Observation 4: For connected half-duplex UEs (including NB-IoT and HD eMTC), updating the K_offset value based on UE autonomous TA report can avoid collision issue between DL and UL subframes and interrupted DL subframe issue.
Observation 5: It is sufficient if the UE autonomously acquired TA report is sent by UE about every 20 seconds (=500 µs / 25.33 µs) to avoid DL-UL subframe collision issue in LEO.
Proposal 2: The value of K_offset can be re-configured after RRC connection setup based on UE-specific autonomous TA report.
Proposal 3: The UE can report at least report its autonomous TA to the gNB in Message 3 during initial cell access. 
Proposal 4: RAN1 to study UE reporting of UE-specific TA for half-duplex UE in NTN where
· gNB triggers an autonomous TA report from the UE
· UE initiates report autonomous TA report   
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Figure 4 TA reporting

TA margin
Mechanisms currently defined for HD-FDD and TDD UE on which Symbols/Slots/Subframe are used for the UE transition between DL and UL need to be enhanced to support large TA in NTN systems. It is necessary to use Guard Period Around the start / end of UL transmission to allow RF re-tuning and symbol/slot alignment as illustrated in Figure 5. This allows to account for the lack of UE-specific TA knowledge by the gNB – i.e. between the time either the BS estimated the TA and indicated it to the UE, or the UE reported the TA to the BS, the actual value of the TA may change.
Proposal 5: Guard Period Around the start / end of UL transmission is configured.
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Figure 5 TA gap

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
Proposal 1: Introduce K_offset to enhance the following timing relationships for NB-IoT NTN is beneficial:
· For NB-IoT, on receiving UL grant on DCI format N0 in slot n, NPUSCH Format 1 is transmitted in subframe  n+k0+K_offset.
· For NB-IoT, on receiving DL assignment on DCI format N1 in slot n, HARQ-ACK on NPUSH Format 2 is transmitted in subframe  n+k0+K_offset.
· For NB-IoT, on receiving a NPDSCH with a RAR message in slot n, message 3 is transmitted on NPUSCH format 1in subframe  n+k0+K_offset.
Observation 1: Configuration of a beam-specific Koffset requires beam-specific K-offset to be broadcast on SIB increases system information overhead in a satellite cell with moderate number of beams and may be acceptable trade-off between UL scheduler flexibility in initial access and SIB overhead.
Observation 2: For half-duplex UEs (including NB-IoT and HD eMTC), configuring K_offset value to maximum differential TA may cause collision of DL and UL subframes
Observation 3: For half-duplex UEs (including NB-IoT and HD eMTC), configuring K_offset value to maximum differential TA may cause interruption of DL subframes.
Observation 4: For connected half-duplex UEs (including NB-IoT and HD eMTC), updating the K_offset value based on UE autonomous TA report can avoid collision issue between DL and UL subframes and interrupted DL subframe issue.
Observation 5: It is sufficient if the UE autonomously acquired TA report is sent by UE about every 20 seconds (=500 µs / 25.33 µs) to avoid DL-UL subframe collision issue in LEO.
Proposal 2: The value of K_offset can be re-configured after RRC connection setup based on UE-specific autonomous TA report.
Proposal 3: The UE can report at least report its autonomous TA to the gNB in Message 3 during initial cell access. 
Proposal 4: RAN1 to study UE reporting of UE-specific TA for half-duplex UE in NTN where
· gNB triggers an autonomous TA report from the UE
· UE initiates report autonomous TA report   
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