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Introduction
A RAN3-led Study Item on Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The study item phase has identified range of expected values for the Round Trip Time (RTT) for the considered NR-NTN deployment scenarios [2, 3]. Solutions in the satellite and the UE will be required to compensate and correct the impact of RTT during initial NR-NTN cell acces, where the transmission timing can be most significant.
This contribution aims to discuss Timing Advance (TA) mechanisms and RACH during initial access procedure for the Low Earth Orbit (LEO) satellite deployment.
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UL Transmission timing
New transmission timing to compensate for longer RTT in satellite deployment will be required for correct HARQ operations and CSI feedback. A simple way is to use a NTN scheduling offset indicated in SIB based on the satellite ephemeris. The NTN scheduling offset should take into account the elevation angle for a given beam spot within the satellite cell to compensate for the propagation delay on the access link. The scheduling offset K1_ntnOffset and K2_ntnOffset in slots are broadcast in SIB can be added to the scheduling delays indicated in the DL assignment and UL grant on DCI. The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV.
Observation 1: The NTN scheduling offset should take into account the elevation angle for a given beam spot within the satellite cell to compensate for the propagation delay on the access link. 
UL transmission timing for UL HARQ ACK on PUCCH: 
The value of K1 for UL scheduling delay for UCI for UL HARQ ACK on PUCCH  can be 0, 1, .., 8 as indicated in PDSCH-to-HARQ_feedback timing indicator field in DCI Format 1_0 or 1_1. The maximum specified scheduling delay to transmit HARQfeedback on PUCCH is 15 ms. In case the scheduling delay needs to be longer to accommodate NR-NTN RTT, the gNB adjusts scheduling delay UL HARQ A/N in PUCCH  by n + K1’ slots, where K1’ = K1 + K1_ntnOffset.
Proposal 1: The gNB can adjust scheduling delay for UL HARQ ACK on PUCCH by n + K1’ slots to accommodate satellite RTT, where K1’ = K1 + K1_ntnOffset.
[image: ]
Figure 2: UL scheduling delay for UL HARQ A/N

UL transmission timing for UL data on PUSCH: 
The value of K2 for UL scheduling delay for UL data transmission on PUSCH can be 0, 1, .., 31 as indicated in Time domain resource assignment field in DCI Format 0_0 or 0_1 and the higher layer parameter  pusch-TimeDomainAllocationList. The scheduling offset K2 is based on the numerology of PUSCH. The maximum specified scheduling delay for UL data transmission on PUSCH  is 32 ms. In case the scheduling delay needs to be longer to accommodate NR-NTN RTT, the gNB adjusts scheduling delay for UL scheduling delay for UL data transmission on PUSCH  by {⌊n∙2^(μ_PUSCH-μ_PUCCH ) ⌋+K2’ slots, where K2’ = K2 + K2_ntnOffset . Other UCI like CSI and SR on UCCH can also use the K2_ntnOffset.
Proposal 2: The gNB can adjust scheduling delay for UL scheduling delay for UL data transmission on PUSCH by {⌊n∙2^(μ_PUSCH-μ_PUCCH )⌋} + K2’ slots to accommodate satellite RTT, where K2’ = K2 + K2_ntnOffset.
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Figure 3: UL scheduling delay for UL data transmission on PUSCH

We make the following proposals In case the scheduling delay needs to be longer to accommodate NR-NTN RTT
UL transmission timing for CSI report on PUSCH
CSI report on PUSCH can be aperiodic or semi-persistent and are triggered or activated by DCI respectively. The slot offset K between the DCI at slot n and the PUSCH resource scheduled to report the CSI at slot n+K is given by RRC configuration in reportSlotOffsetList in CSI-ReportConfig IE. It can be up to 32 slots. Similarly as for data, a slot scheduling offset K_ntnOffset could be configured to compensate for the satellite RTT.
Proposal 3: The gNB can adjust scheduling delay for UL scheduling delay for aperiodic or semi-persistent CSI report on PUSCH by n + K’ slots, where K’ = K + K_ntnOffset.
The NTN scheduling offset values depend on the satellite ephemeris (orbit, elevation angle for LEO) and can be pre-configured or broadcast on SIB. It is unclear whether the satellite beam layout can be known from satellite ephemeris. Since the UE needs to acquire / switch beam spots in connected state, it seems reasonable to broadcast the NTN scheduling offset on System information. 
Proposal 4: The scheduling NTN scheduling offset values K_ntnOffset, K1_ntnOffset and K2_ntnOffset are broadcast in SIB.

Open Loop Doppler shift compensation  
We consider an example of open-loop physical control procedure to compensate for Doppler during initial access assuming moving beams.
1. Satellite pre-compensate Doppler
a. Relative to the spot beam centre with moving beam
b. Adjusted with time with fixed earth beam (steerable beam)
2. UE obtains mapping of Physical Cell IDs to satellite beams / cells
a. via RRC pre-configuration 
b. via system information broadcast by cellular network on SIB
3. UE determines its location via GNSS (or via cellular-based positioning methods)
4. UE search satellite beam / cell search and synchronizes to Fc(DL)+ FD_residual(DL) by detecting PCI-linked SSB in NR system or NPSS/NSSS
5. UE estimate residual DL Doppler shift FD_residual(DL) from NR SSB for initial AFC lock.
a. The Doppler shift FD(DL) =0 Hz if the UE is in the centre of the beam
b. Residual Doppler FD_residual(DL) if UE is not in centre of the beam spot 
6. UE post compensate Residual Doppler FD_residual(DL) before internal UE clock is generated to avoid internal clock drift relative to the Base station timing
7. UE determines beam / cell satellite configuration parameters from system information broadcast on satellite cell/beam spots
8. UE determines Doppler shift FD(DL) from satellite system information or satellite ephemeris
9. [bookmark: _GoBack]The UE pre-compensate Doppler shift FD(UL) and FD_residual(UL) before transmitting RACH preamble at frequency Fc(UL) - FD(UL) - FD_residual(UL).
10. UE tracks Doppler drift with AFC algorithm to post-compensate Residual Doppler FD_residual(DL) and pre-compensate Doppler shift FD(UL) and FD_residual(UL) to maintain OFDM orthogonality for Msg3 in RA procedure.
Knowledge of the mapping of Physical Cell IDs to satellite beam / cell allows UE to carry out satellite beam / cell search over a smaller subset of SSBs allows faster initial cell access. The UE may re-select satellite beam / cell faster if PCI of adjacent beam is known based on satellite ephemeris and mapping of PCIs to satellite beam / cell. The UE can be pre-configured with RRC configuration indicating the mapping of Physical Cell IDs to satellite beams / cells or it may be broadcast by cellular network on System Information Block (SIB). After initial access to NTN, UE tracks Doppler drift from configured TRS for UL transmissions in connected mode.  
Proposal 5: It is for further study whether the UE determines the FD(UL) relative to the centre of the beam from satellite system information or satellite ephemeris UE.
Proposal 6: It is for further study whether the UE obtains mapping of Physical Cell IDs to satellite beams / cells, where at least the following options can be considered
(a) via RRC pre-configuration 
(b) via system information broadcast by cellular network on SIB
Proposal 7: The UE can search satellite beam / cell by detecting PCI-linked NR SSB.

Closed-loop CSI/AMC 
The satellite RTT in LEO can be in the order of 14 ms for regenerative payload and 28 ms for transparent payload. For GEO, the satellite RTT can be as long as 500 ms. The latency in the DCI trigger / activation of aperiodic / semi-persistent CSI report may reduce the effectiveness of using of closed loop CSI/AMC if the channel changes before the CSI report can be generated and reported. Further, it has not been discussed whether multi-layer / multi-rank beamforming operations can be supported on the access link due to the link budget and satellite antenna configuration. We believe that these issues should be first considered before enhancements to the closed-loop CSI / AMC mechanisms are discussed. 
Observation 2: The impact of latency in the DCI trigger / activation of aperiodic / semi-persistent CSI report on closed loop CSI/AMC effectiveness is un-known.
Observation 3: Whether multi-layer / multi-rank beamforming operations can be supported on the access link due to the link budget and satellite antenna configuration has not been discussed in RAN1.
Proposal 8: Whether the CSI measurement/reporting mechanism in NR Rel-15 needs to be enhanced for NTN is for further study.
Link adaptation will require at a minimum to adapt the CSI/AMC to reflect relative beam spot boresight direction relative to the topology (i.e. hill, high-rise building, canyons, ..). This can be achieved with open-loop mechanisms based on reliability of the received packets on the DL or UL at MAC layer if HARQ enabled, or at RLC layer if HARQ is disabled. 
 Proposal 9: Open-loop mechanisms for CSI/AMC are for further study.

UL Power control
As was discussed in previous section, the satellite RTT may also impact the closed-loop UL power control. It is not known whether the UL interference can be considered not to have significantly changed since the UL power control command was received in UE. Further, due to the link budget available it is expected that UE will need to transmit at close to full power and hence there may not be any UE transmission power headroom available to enable effective power control. In practical UL power control scheme, some UL power control margin can typically be necessary due to accuracy of measurements and transmission parameters. For these reasons, we believe that these issues should be first considered before enhancements to the closed-loop UL power control mechanisms are discussed.
Observation 4: Whether UE transmission power headroom is available to enable effective closed-loop power control has not been discussed in RAN1.
Proposal 9: Whether the closed-loop UL power control in NR Rel-15 needs to be enhanced for NTN is for further study.

Conclusion
In this contribution, we discussed physical layer control procedures. We made the following observations and proposals
Observation 1: The NTN scheduling offset should take into account the elevation angle for a given beam spot within the satellite cell to compensate for the propagation delay on the access link. 
Proposal 1: The gNB can adjust scheduling delay for UL HARQ ACK on PUCCH by n + K1’ slots, where K1’ = K1 + K1_ntnOffset to accommodate satellite RTT.
Proposal 2: The gNB can adjust scheduling delay for UL scheduling delay for UL data transmission on PUSCH by {⌊n∙2^(μ_PUSCH-μ_PUCCH )⌋} + K2’ slots to accommodate satellite RTT, where K2’ = K2 + K2_ntnOffset.
Proposal 3: The gNB can adjust scheduling delay for UL scheduling delay for aperiodic or semi-persistent CSI report on PUSCH by n + K’ slots, where K’ = K + K_ntnOffset.
Proposal 4: The scheduling NTN scheduling offset values K_ntnOffset, K1_ntnOffset and K2_ntnOffset are broadcast in SIB.
Proposal 5: It is for further study whether the UE determines the FD(UL) relative to the centre of the beam from satellite system information or satellite ephemeris UE.
Proposal 6: It is for further study whether the UE obtains mapping of Physical Cell IDs to satellite beams / cells, where at least the following options can be considered
(a) via RRC pre-configuration 
(b) via system information broadcast by cellular network on SIB
Proposal 7: The UE can search satellite beam / cell by detecting PCI-linked NR SSB.
Observation 2: The impact of latency in the DCI trigger / activation of aperiodic / semi-persistent CSI report on closed loop CSI/AMC effectiveness is un-known.
Observation 3: Whether multi-layer / multi-rank beamforming operations can be supported on the access link due to the link budget and satellite antenna configuration has not been discussed in RAN1.
Proposal 8: Whether the CSI measurement/reporting mechanism in NR Rel-15 needs to be enhanced for NTN is for further study.
Proposal 9: Open-loop mechanisms for CSI/AMC are for further study.
Observation 4: Whether UE transmission power headroom is available to enable effective closed-loop power control has not been discussed in RAN1.
Proposal 9: Whether the closed-loop UL power control in NR Rel-15 needs to be enhanced for NTN is for further study.
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