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1	Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network. The latest version of the SID is given in [1]. The SI has the following RAN1 related objectives. The RAN1 work is scheduled to begin at RAN1#96bis in April 2019.
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]


[bookmark: _Ref178064866]In this contribution, we provide our views on physical layer control procedures for NTN UEs in connected mode.
2	Discussion on UL transmission timing for NTN
The long propagation delays between the gNB and the UE is one of the physical phenomena that requires careful consideration when adapting NR to accommodate NTN.  The one-way delay between the UE and the gNB depends on various factors such as the type of satellite (GEO, LEO, MEO, etc.), the elevation angles associated with the UE and gNB, whether bent pipe or regenerative model is assumed, to name a few.  For the different scenarios considered in Tables 5.3.2.1-1 and 5.3.4.1-1 of TR 38.811[2], the one-way delay can range from ~6ms to ~272ms.  
In NR Release 15, the timing relationships of UCI (uplink control information) transmission in NR PUCCH/PUSCH and of uplink data transmission in PUSCH are designed to be suitable for terrestrial radio propagation environment where the round-trip delay is usually in the order of 1ms.  However, in NTN scenarios, the large propagation delays affect the uplink transmission timing of these physical layer procedures.  Below, we elaborate on the uplink transmission timing of UCI and data transmission.
2.1 Transmission timing of HARQ-ACK on PUCCH
HARQ-ACK is transmitted in PUCCH within slot [image: ]under one of the following circumstances:
· if the UE detects a DCI (either DCI format 1_0 or DCI format 1_1) that schedules a PDSCH reception in slot [image: ]
· if the UE detects a DCI (DCI format 1_0) that indicates SPS PDSCH release with a PDCCH received in slot [image: ]
The value of [image: ] which is given in a number of slots is indicated by the PDSCH-to-HARQ-timing-indicator field in DCI (if the field is present) or is provided by the higher layer parameter dl-DataToUL-ACK.  In the NTN scenarios, however, a HARQ-ACK transmitted by the UE in PUCCH in slot [image: ]will be received by the gNB after a long one-way delay which may range from few tens of ms to a few hundred ms.  Hence, HARQ-ACK transmission timing on PUCCH needs to be studied further in Rel-16.
2.2 Transmission timing for CSI on PUSCH
In NR, two configurations for reporting CSI on PUSCH are possible which are aperiodic CSI reporting and semi-persistent CSI reporting on PUSCH.  Both aperiodic CSI and semi-persistent CSI on PUSCH are activated/triggered by DCI, and the allowed slot offset from the activating/triggering DCI are configured by higher layer parameter reportSlotOffsetList.  The range of slot offsets allowed in reportSlotOffsetList in Release-15 NR is from 0 to 32.  The slot offset  is selected by the activating/triggering DCI.  In the NTN scenarios, a UE’s transmission of CSI on PUSCH may not necessarily be received in slot  at the gNB.  How to define the transmission timing for CSI on PUSCH to take into account the long one-way delay in the NTN scenarios is an open issue that needs to be studied further in Rel-16.
2.3 Transmission timing for data on PUSCH
Data on PUSCH is scheduled by DCI and the time domain resource assignment field of the DCI provides an index to a table with information on resource allocation in time domain. This information includes, but not limited to, the slot offset K2, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission.  The slot where the UE shall transmit the PUSCH is determined by K2 as , where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively.
Similar to the problems highlighted in Sections 2.1 and 2.2, a UE’s data transmission on PUSCH may not necessarily be received in slot  at the gNB due to the long one-way propagation delay associated with NTN scenarios.  Hence, transmission timing for data on PUSCH needs to be studied further in the Rel-16 NTN SI.
Based on the discussion in Sections 2.1-2.3, we make the following proposal:
Proposal 1:  Transmission timing of HARQ-ACK on PUCCH, and data/CSI on PUSCH should be studied in the Rel-16 NTN SI.
3	Discussion on UL power control for NTN
With round-trip delays exceeding 500 ms, closed loop power control will not be able to track fast fading. At least for GEO satellites, power control is likely limited to tracking slow fading only, either with open  or closed loop power control.
On the other hand, satellite communication channels are often dominated by a strong line-of-sight component. Therefore, the magnitude of the fast fading may be small, and a slow power control loop may be sufficient.
The main purpose of uplink power control is to reduce uplink interference. Therefore, it should be studied to what extent uplink interference is a problem for NTN. The interference situations may be fundamentally different from a terrestrial network. E.g., near-far situations may not occur since the gNB will likely experience similar pathloss from all UEs in a cell (spot beam). Inter-cell interference may also be very different from a terrestrial network, depending on the antenna characteristics of the spot beams antennas and the frequency reuse pattern deployed.
Another aspect to consider is whether there is any UE TX power headroom available to enable power control. The free space pathloss to a GEO satellite is in the order of 190 dB, and even with a 40 dBi antenna gain at the satellite, coverage can be a challenge for a UE with 23 dBm TX power. With a higher UE power class or in case of LEO/MEO based satellite access, there may be some headroom for UL power control, though.
[bookmark: _Toc528934062]Proposal 2:  Study UL power control in NTN taking into account the following factors:
a. UL interference in different NTN scenarios
b. UL transmit power headroom available for different NTN scenarios
c. the magnitude of fast fading under strong LOS conditions seen in NTN scenarios
[bookmark: _GoBack]4	Conclusion
In this contribution, we provide our views on physical layer control procedures for NTN UEs in connected mode.  Based on the discussion in Section 2-3, we make the following proposal:
Proposal 1:  Transmission timing of HARQ-ACK on PUCCH, and data/CSI on PUSCH should be studied in the Rel-16 NTN SI.
Proposal 2:  Study UL power control in NTN taking into account the following factors:
a. UL interference in different NTN scenarios
b. UL transmit power headroom available for different NTN scenarios
c. the magnitude of fast fading under strong LOS conditions seen in NTN scenarios
[bookmark: _In-sequence_SDU_delivery]References
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