[bookmark: historyclause][bookmark: _Toc383764588]3GPP TSG RAN WG1 Meeting #98  	R1-1908014
Prague, Czech Republic, 26th – 30th August, 2019   
Agenda Item: 7.2.5.2
Source: MediaTek Inc.
Title: Physical layer control procedure in NR-NTN
Document for: Discussion and Decision
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 Physical layer control procedure in NR-NTN.
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UL Transmission timing
Use of a UL transmission timing offset to accommodate RTT before UL transmission by the UE was considered as a potential solution in [4]. The UL transmission timing offset can be indicated in SIB based on the satellite ephemeris (i.e. satellite orbit, elevation angle) and used by the UE to advance its UL transmission timing w.r.t. DL timing of the reference cell as follows:
· RACH preamble transmission in cell access: gNB can broadcast NTA_offset that is used by UE to advanced UL transmission timing as DL timing of reference cell – (NTA + NTA_offset) x Tc
· UL HARQ ACK on PUCCH: gNB can adjust scheduling delay for UL HARQ ACK on PUCCH by n + K1 + K1_ntnOffset  slots to accommodate satellite RTT. K1 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 HARQ feedback on PUCCH with numerology μ=0 is 15 ms.
· UL data on PUSCH: gNB can adjust scheduling delay for UL scheduling delay for UL data transmission on PUSCH by {⌊n∙2^(μ_PUSCH-μ_PUCCH )⌋} + K2 + K2_ntnOffset  slots to accommodate satellite RTT. K2 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 maximum specified scheduling delay for UL data transmission on PUSCH with numerology μ =0 is 32 ms. 
Since the satellite RTT can be expected to be the same for a given beam spot regardless of the type of UL transmission, the UL transmission timing offset TA_ntnOffset, K1_ntnOffset, and K2_ntnOffset can be expected to be the same duration in time. The UL transmission timing offset can be chosen as the common propagation delay (also referred to as the common TA) between edge of the beam spot and the gNB on the access link. 
Observation 1: The TA_ntnOffset, K1_ntnOffset, and K2_ntnOffset have same duration in time.  
Proposal 1: The UL transmission timing offset corresponds to the common propagation delay between edge of the beam spot and the gNB to accommodate satellite RTT on the access link.
Proposal 2: The UE transmits with UL timing based on DL timing of the reference cell – (NTA + NTA_offset) x Tc.  
Proposal 3: The gNB adjusts scheduling delay to accommodate satellite RTT for 
· UL HARQ ACK on PUCCH by n + K1 + K1_ntnOffset slots to accommodate satellite RTT.
· UL data transmission on PUSCH by {⌊n∙2^(μ_PUSCH-μ_PUCCH )⌋} + K2 + K2_ntnOffset slots
Proposal 4: TA_ntnOffset, K1_ntnOffset, and K2_ntnOffset are broadcast by gNB on SIB.
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Figure 1: UL scheduling delay

Open Loop Doppler shift compensation  
Open-loop Doppler shift compensation methods can be considered as follows [4]: 
· Network-centric method: Satellite pre-compensates DL frequency to compensate for Doppler shift with respect to each spotbeam center. Residual Doppler will be experienced when UE is not in the beam center.
· UE-centric method: UE use knowledge of satellite ephemeris and UE location to estimate and compensate residual DL Doppler.
Network-centric method 
The following steps apply in network-centric method as follows:
1. Satellite pre-compensate the common Doppler by transmitting with the carrier frequency fc – fdcenter 
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, or 
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+ fd(t) residual by detecting PCI-linked SSB in NR system or NPSS/NSSS
a. At the beginning of initial cell search and DL synchronization, the UE has internal clock at fc + fe and receives signal fc+ fd(t) residual, where fe is the frequency error due to the UE crystal used to generate the internal clock. The UE experiences a frequency offset of fd(t)residual –fe.
b. At the end of initial cell search and DL synchronization, the UE adjusts the clock frequency as fc+ fe + fd(t)residual – fe = fc + fd(t)residual accordingly 
5. UE applies the clock frequency fc + fd(t)residual for uplink transmission by assuming same downlink and uplink frequency for analysis purpose (fc2 + fd(t)residual for different downlink and uplink frequency)
6. The satellite receives the signal using the clock frequency fc + fdcenter
7. The frequency arriving at the satellite before receiving is fc + fd(t)residual + fdcenter + fd(t’)residual
8. After receiving at the satellite, the uplink residual frequency offset is fd(t)residual + fd(t’)residual, which is approximately as 2*fd(t)residual if the difference between t and t’ is small
9. UE tracks Doppler drift with AFC algorithm to pre-compensate Doppler to transmit Msg3 in RA procedure and subsequent UL data transmission.
Note that in step 5, the residual Doppler fd(t)residual could be estimated and compensated depending on the UE implementation of AFC algorithm. The other steps 6-8 in the procedure proceed. In case the UE knows that satellite pre-compensated common Doppler with fdcenter from SIB, it can pre-compensate the common Doppler before UL transmission and it can be assumed in step 6 that satellite receives the signal using the clock frequency fc. 
Observation 2: The residual Doppler fd(t)residual could be estimated and compensated depending on the UE implementation of AFC algorithm.
Proposal 5: The common Doppler fDcentre relative to the centre of the beam can be used by UE to pre-compensate the common Doppler before UL transmission if indicated in satellite system information.
Knowledge of the mapping of Physical Cell IDs to satellite beam / cell could allow UE to carry out satellite beam / cell search over a smaller subset of SSBs for a faster initial cell access. The UE can re-select beams / cells faster assuming PCIs of adjacent beam(s) / cell(s) are known from satellite ephemeris and mapping of PCIs to satellite beam / cell is given by RRC pre-configuration or indicated on SIB. The UE can search satellite beam / cell by detecting PCI-linked NR SSB which are beam / cell specific. After initial access to NTN, UE can track Doppler drift from configured TRS for UL transmissions in connected mode.  
Observation 3: The UE can re-select beams / cells faster assuming PCIs of adjacent beam(s) / cell(s) are known from satellite ephemeris. 
Proposal 6: The UE obtains mapping of Physical Cell IDs to satellite beams / cells via
(a) RRC pre-configuration, or 
(b) System information broadcast by cellular network on SIB
Proposal 7: The UE can search satellite beam / cell by detecting PCI-linked NR SSB which are beam / cell specific.

Closed-loop CSI/AMC 
The satellite RTT can be 14 ms for regenerative payload and 28 ms for transparent payload in LEO, and as long as 500 ms in GEO. The latency in the DCI trigger / activation of aperiodic / semi-persistent CSI report may reduce the effectiveness of closed loop CSI/AMC, as it can be expected that the channel changes before the CSI report can be generated and reported. The effectiveness of a closed-loop CSI/AMC can be improved in two ways:
· CQI offset is applied by gNB to avoid negative impact of CSI measurement and report mismatch with the channel condition at the time of the transmission 
· Lower BLER target for CQI reporting for a small number of retransmissions to avoid excessive latency
[bookmark: _GoBack]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 the rank 1 should be assumption for access link in Release 16 as the link budget limitations may limit what can be done with rank > 1 MIMO transmission. Assuming AMC with CQI reflecting only long-term fading, it seems not useful to have very frequent CSI measurement and report. It is sufficient if the gNB triggers aperiodic CSI via DCI from time to time to reflect the change in LOS between the satellite and the UE and long-term fading. 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 slow closed-loop CSI/AMC mechanisms with DCI trigger of aperiodic CSI report or via open-loop AMC mechanism based on reliability of the received packets on the DL or UL at MAC layer if HARQ is enabled, or at RLC layer if HARQ is disabled. The former way will require specification, whereas the latter may be left to gNB implementation.
Proposal 8: Study the performance of AMC including potential solutions/enhancements in NTN as follows:
· AMC with DCI-triggered aperiodic CQI reflecting change in LOS between the satellite and the UE and long-term fading 
· CQI offset is applied by gNB to avoid mismatch between CSI report and the channel condition at the time of the transmission 
· Lower BLER target for CQI reporting for a small number of retransmissions to avoid excessive latency
Proposal 9: Study DCI trigger for aperiodic CSI report.

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. 
In case only open-loop UL power control is considered for NR-NTN due to limited power headroom in the UE, it could be studied whether enhancements will be needed and whether these will require specifications. It can expected that open-loop UL power control does not reflect fast fading and may only need to reflect change in LOS between the satellite and the UE and long-term fading. It could be studied if the gNB scheduler can configure UE to transmit at full power and schedule UL grant with a higher MCS to increase spectral efficiency.   
Observation 4: UE transmission power headroom limits effective closed-loop power control.
Proposal 10: Study open-loop UL power control enhancements for NR NTN.

Conclusion
In this contribution, we discussed physical layer control procedures. We made the following observations and proposals
UL Transmission timing
Observation 1: The TA_ntnOffset, K1_ntnOffset, and K2_ntnOffset have same duration in time.  
Proposal 1: The UL transmission timing offset corresponds to the common propagation delay between edge of the beam spot and the gNB to accommodate satellite RTT on the access link.
Proposal 2: The UE transmits with UL timing based on DL timing of the reference cell – (NTA + NTA_offset) x Tc.  
Proposal 3: The gNB adjusts scheduling delay to accommodate satellite RTT for 
· UL HARQ ACK on PUCCH by n + K1 + K1_ntnOffset slots to accommodate satellite RTT.
· UL data transmission on PUSCH by {⌊n∙2^(μ_PUSCH-μ_PUCCH )⌋} + K2 + K2_ntnOffset slots
Proposal 4: TA_ntnOffset, K1_ntnOffset, and K2_ntnOffset are broadcast by gNB on SIB.
Open Loop Doppler shift compensation  
Observation 2: The residual Doppler fd(t)residual could be estimated and compensated depending on the UE implementation of AFC algorithm.
Proposal 5: The common Doppler fDcentre relative to the centre of the beam can be used by UE to pre-compensate the common Doppler before UL transmission if indicated in satellite system information.
Observation 3: The UE can re-select beams / cells faster assuming PCIs of adjacent beam(s) / cell(s) are known from satellite ephemeris. 
Proposal 6: The UE obtains mapping of Physical Cell IDs to satellite beams / cells, where 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 which are beam / cell specific.
Closed-loop CSI/AMC
Proposal 8: Study the performance of AMC including potential solutions/enhancements in NTN as follows:
· AMC with DCI-triggered aperiodic CQI reflecting change in LOS between the satellite and the UE and long-term fading 
· CQI offset is applied by gNB to avoid mismatch between CSI report and the channel condition at the time of the transmission 
· Lower BLER target for CQI reporting for a small number of retransmissions to avoid excessive latency
Proposal 9: Study DCI trigger for aperiodic CSI report.
UL Power control
Observation 4: UE transmission power headroom limits effective closed-loop power control.
Proposal 10: Study open-loop UL power control enhancements for NR NTN.
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