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Introduction
In previous meetings, the following agreements have been made:
	[bookmark: OLE_LINK94]Agreement in RAN1#97
Study the performance of AMC in NTN considering at least the following solutions (some solutions may have no specification impact):
· Prediction-based link adaptation with prediction confidence level
· AMC with CQI reflecting only long-term fading
· Additional BLER targets for CQI reporting to limit number of retransmissions and latency
· CQI offset applied by gNB
· Finer granularity of CQI
· Prediction based CQI reporting
Agreement in RAN1#97
Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.


[bookmark: OLE_LINK32][bookmark: OLE_LINK33]In this contribution, we address issues for NTN scenario D2 (LEO – regenerative - moving beams) and C2 (LEO - transparent - moving beams), with a special interest on
· AMC/CSI feedback
· Satellite Beam switching
Discussion
[bookmark: _Hlk16683491]AMC/CSI feedback
In RAN1#97, the proposals related to AMC are given in the following list.
· Huawei and Intel propose to study of prediction-based link adaptation.
· CATT, ZTE and Qualcomm propose to consider other BLER targets for CQI reporting in order to limit number of retransmissions and thereby latency.
· Panasonic and Qualcomm propose to consider finer granularity of CQI to allow more accurate choice of MCS on a stable LoS channel.
· MTK and Nokia propose to study whether the existing CSI measurement/reporting mechanism in NR needs to be enhanced for NTN.
· ZTE and Samsung propose a CQI offset by the gNB.
The following offline proposal was made in the feature lead summary [6].
	Offline Proposal in RAN1#97: 
Whether the CSI measurement/reporting mechanism in NR Rel-15 needs to be enhanced for NTN is for further study.


In NR, the AMC procedure includes two major parts, channel quality index (CQI) reporting and modulation and coding scheme (MCS) scheduling. For the CQI reporting, if a CSI report is configured, including CSI parameters and a CQI table, UE shall report a CQI index as an MCS recommendation, based on CSI measurement given the configured CSI parameters. For MCS scheduling, UE may be configured an MCS table via an RRC message, and dynamic AMC is achieved by a dynamic DCI from the network (NW).
For example, as shown in Figure 1, an AMC procedure contains several steps denoted by crosses. 
[image: ]
[bookmark: _Ref16684794]Figure 1: an illustration of the NR AMC procedure.
· Step #1: decide a CQI table. NW decides a CQI table from the three CQI tables defined in NR specs. These three tables represent MCS suggestions from the UE side, associated with different spectral efficiency requirements and BLER targets. The CQI table is configured via an RRC message to a UE.
· Step #2: compute CQI. The UE computes CQI based on the configured CQI table. The CQI table is associated with a single BLER target. UE selects the highest CQI index with a transport block error probability not exceeding to the BLER. The resulted CQI is reported via PUCCH or PUSCH. 
· Step #3: select an MCS table. NW decides one of the three MCS tables defined in NR specs, e.g., Rel-15/16 to schedule a PDSCH, based on the received CQI report. The decided MCS table is used to configure the UE via an RRC message via a PDSCH.
· Step #4: decide an MCS. NW decides an MCS index from the configured MCS table. The decided MCS index is signalled to the UE via a PDCCH with a DCI associated with the scheduled PDSCH.
· Step #5: determine an MCS. The UE determines an MCS based on the received MCS index and the configured MCS table. This MCS information is used for decoding and demodulating data from the scheduled PDSCH.
To accommodate NTN, long round trip time (RTT) and lower BLER target become challenging to reuse the NR AMC without some adjustments. Particularly, the feature of disabling HARQ feedback for long RTT delays may require a more robust and dynamic AMC control. For example, if HARQ feedback is disabled, the BLER target should be improved firstly to guarantee the reliability of the first transmission. Lower MCS and an MCS table associated with a lower target BLER may be needed when HARQ feedback switches off for requirements in NTN scenarios.
[bookmark: _Toc16695263]The CSI measurement/reporting in NR Rel-15 needs to be enhanced for NTN.
As mentioned, some adjustments are needed for the NR AMC to accommodate different NTN scenarios. On top of long RTT, the following issues are identified and described in more details. 
Configurable BLER for a CQI report
When computing CQI in NR, a BLER target is given by a configured CQI table. For example, if one of the eMBB tables is configured, and the BLER target is set to 10-1 for UE to select the highest CQI index with a BLER not exceeding to the target. Otherwise, when the URLLC table is configured, the BLER target is set to be 10-5 for CQI selection. In NR, the value of BLER target is fixed for each of a configured CQI table. This one-to-one mapping may save additional signalling to select BLERs.
[bookmark: _Toc16695264]In NR, BLER target is not configurable and is associated with a COI table.
However, it is necessary to have a flexible BLER configuration in NTN because of two reasons. First, a new BLER target is needed if the URLLC table is going to be reused. This is because the original BLER target of 10-5 may be impossible to achieve regarding a very limited link budge in NTN, particularly for uplink. So, at least a higher BLER target, e.g., 10-1 or 10-2, may be able to be configured to a UE, regardless of which CQI table being used. Second, when HARQ feedback switches off, a higher BLER target may be needed to guarantee the first transmission. Without configurable BLERs, RRC reconfiguration signalling of another CQI table may be needed, which is time consuming and resource inefficient considering the long RTT.
[bookmark: _Toc16695258]For CSI report, configurable BLER targets shall be considered.
Configurable MCS table for RACH
During the RACH procedure, UE may receive a random-access response (RAR) grant, where a 4-bit MCS index in the RAR grant field is used for determining the MCS of the PUSCH transmission as known as Message 3 (msg3) transmission defined in NR specs. UE may not be configured with any MCS tables before this RACH procedure. In this case, two default MCS tables may be used. Both are designed for eMBB requirements, where one is used if transform precoding is enabled, and the other is used when transforming precoding is disabled. Note that this issue also exists when two-step RACH is used during a message A payload transmission.  
However, it is good to have an adjustment for this default MCS tables, with special concern on a limited link budge for UL channels.
[bookmark: _Toc16695259]For RACH, configurable MCS tables shall be considered.
Polarization mismatch
In Release-15 NR, CQI is calculated conditioned on the reported precoding matrix indicator (PMI), rank indicator (RI), and CSI-RS resource indicator (CRI). PMI is calculated based on a precoding codebook defined in NR specs, that selects one or multiple linear precoding matrixes from the precoding codebook to maximize a given performance metric. An antenna port defined in the specs may be implemented by a single linear polarization antenna element, either vertically or horizontally polarized.
[bookmark: _Toc16695265]In NR, CQI calculation is based on the assumption of using linear-polarization antennas.
However, in satellite communication, the antennas on satellites are typically circular-polarized, e.g., left-hand circular polarization (LHCP) or right-hand circular polarization (RHCP), rather than linear polarization typically used in the terrestrial network (TN). For S band, if UE has an omni-directional antenna of linear polarization, while the antenna onboard a satellite is circularly polarized, such polarization mismatch leads to 3 dB loss in the radio link budget. This polarization mismatch between satellites and UE also leads to an imprecise CQI report, due to imprecise PMI estimation of UE.
[bookmark: _Toc16695260]For CSI report, polarization mismatch on CQI calculation shall be considered.
Long-term CQI prediction
In Release 15 NR, for reporting CQI, a UE may derive for each CQI value reported in an uplink slot based on the following:
· If a UE is not configured with higher layer parameter timeRestrictionForChannelMeasurements, the UE may derive the channel measurements for computing CSI value reported in an uplink slot based on only the NZP CSI-RS, no later than the CSI reference resource associated with the CSI resource setting. 
· If a UE is configured with higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig, the UE may derive the channel measurements for computing CSI reported in an uplink slot based on only the most recent, no later than the CSI reference resource, the occasion of NZP CSI-RS associated with the CSI resource setting.
[bookmark: _Toc16695266]In NR, long-term CQI measurement is up to UE implementation.
However, regarding a need of long-term CQI prediction to accommodate to the long RTT for most of NTN scenarios, it is necessary to have a clear boundary in time either for long-term CSI measurement or CQI prediction. For current CQI computing, either derived based on an unrestricted observation interval in time or based on only the most recent NZP CSI-RS, there is no clear interval in the time specified as a predicted interval or a long-term measurement interval for prediction. The predicted interval is needed if the CQI prediction is derived by the UE, while alternatively the long-term measurement interval in time is needed if the CQI prediction is handled by the NW. 
Proposal 1 [bookmark: _Toc16695261]For CSI report, specification on the long-term CQI measurement shall be considered.
Satellite Beam switching
In RAN1#97, the proposals related to satellite beam switching are given in the list.
· APT and ZTE propose to reuse the NR Rel-15 beam management framework for intra-cell mobility in NTN.
· Qualcomm proposes to consider additional BM CSI-RS configurations to support different satellite implementation needs
· CATT propose to consider BWP switching mechanisms to support fast satellite beam switching (example: UE acknowledgement of beam switching).
The following offline proposal was made in the feature lead summary [6].
	Offline Proposal in RAN1#97: 
Discuss and study beam switching mechanism including the impact on UE beam switching time and need for additional BM CSI-RS configurations in NTN.
· NR Rel-15 beam management framework is the starting point for discussions and whether further enhancements are needed is FFS.


As mentioned in [3], the satellite parameters set with small beam diameter was agreed, e.g., 20 km for LEO-600 in Ka-band. Based on this assumption, the available serving duration for each beam will be less than 3s, given satellite speed as 7.56 km/s and UE speed as 1000 km per hour, i.e., 0.28 km/s. According to this analysis, we have the following observations.
· For achieving the continuous services, the satellite beam switch will be a challenge, especially if it relies on the higher layer handover via RRM when PCI and SSB mapping into satellite beams is given by one PCI per satellite beam. 
· Even if satellite beam is defined by multiple satellite beams per cell, it is still unclear how the NR L1-mobility can be used for the satellite beam switch, especially for each satellite beam, it may operate in different frequency to reduce inter-satellite beam interference.
· Finally, the beam-specific pre-compensation of the common frequency shift was agreed in RAN1#97. That means, for each satellite beam, UE may see different frequency shift due to the prior compensation at the satellite side. It is unclear whether there is any impact on the satellite beam switch. 
To handle this aspect, the bandwidth part (BWP) defined in NR may be leveraged. BWP refers to a small part of the full carrier bandwidth. For alleviating the inter-beam interference, one possibility is to introduce an association between BWP and beam, e.g., NW may configure non-overlapped BWPs and individual BWPs are associated with individual satellite beams. This beam-fixed BWP association may be configured to all UE in a serving cell, such that when a UE moves to a new satellite beam, NW can trigger a DL command to change satellite beam and BWP simultaneously. As illustrated in Figure 2, UE may receive a BWP switch command to update both BWP and satellite/UE beam information.
[image: A close up of a logo
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[bookmark: _Ref16692431]Figure 2: an illustration of beam-fixed BWP switch
While most of Rel-15 beam management principles may be reused in the beam-fixed BWP assumption, one potential issue may be how NR initial access works under this BWP-beam binding assumption. Since all SSBs in a serving cell lead to the same initial DL BWP in NR, it is not clear which satellite beam shall be associated with the initial DL BWP. One simple solution is to consider different beam sizes and allow beam overlapping in a serving cell to maximize the coverage of initial DL BWP. Related details may need FFS.
[bookmark: _Toc16695262]For L1-mobility, the association between satellite beams and BWPs shall be considered.
Conclusion
In this contribution, we have the following observations.
Observation 1	The CSI measurement/reporting in NR Rel-15 needs to be enhanced for NTN.
Observation 2	In NR, BLER target is not configurable and is associated with a COI table.
Observation 3	In NR, CQI calculation is based on the assumption of using linear-polarization antennas.
Observation 4	In NR, long-term CQI measurement is up to UE implementation.
Based on the above observations, we then have the following proposals.
Proposal 1	For CSI report, configurable BLER targets shall be considered.
Proposal 2	For RACH, configurable MCS tables shall be considered.
Proposal 3	For CSI report, polarization mismatch on CQI calculation shall be considered.
Proposal 4	For CSI report, specification on the long-term CQI measurement shall be considered.
Proposal 5	For L1-mobility, the association between satellite beams and BWPs shall be considered.
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