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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]With the increasing global interest in uncrewed aerial vehicles (UAV) based services, such as multiple drone operation, personal entertainment for flight experience, cargo delivery, etc., 3GPP decides to study and work on supporting aerial vehicles as the NR system didn’t take aerial vehicles into account when it was initially designed. The capability for remote control and data transmission are identified to be the key aspects for enhancements. 
As aerial vehicles are a special kind of UEs with an altitude up to several hundred meters, the enhancement of beam management in NR which was designed for terrestrial UEs is required. 3GPP has identified following objective relating to RAN1 [1].
	5. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 

· FR1 with directional antenna at UE side



This contribution discusses possible beamforming enhancement related to MIMO operations for a UAV UE operating in FR1.
Discussion on beamforming related UE capabilities
1.1. 
Beamforming operation mainly center on DL TCI state and UL spatial relation in Rel-15/16, and DL TCI state and UL TCI state in Rel-17 unified TCI framework, all of which determine the DL Rx spatial parameter and UL Tx spatial filter.
A UE needs to report its support of maximum number of configured TCI states per CC for PDSCH as a mandatory with capability signaling. UE is mandated to signal 64 for FR2. For FR1, UE is mandated to report at least the max number of allowed SSB in the band. Each TCI state contains parameters for configuring a QCL relationship between one or two downlink reference signals and the DMRS ports of the PDSCH, the DM-RS port of PDCCH or the CSI-RS resource. 
The quasi co-location relationship is configured by the higher layer parameter qcl-Type1 for the first DL RS, and qcl-Type2 for the second DL RS (if configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs. The QCL types corresponding to each DL RS may take one of the following: 
Type A: {Doppler shift, Doppler spread, average delay, delay spread}
Type B: {Doppler shift, Doppler spread}
Type C: {Doppler shift, average delay}
Type D: {Spatial Rx parameter}
Unfortunately, a TCI state in FR1 contains only a single reference signal, providing reference of any QCL Type but Type D for DMRS ports of the PDSCH, the DM-RS port of PDCCH or the CSI-RS resource. Therefore, TCI state in FR2 cannot provide any spatial information. 
For the traditional framework other than Rel-17 unified TCI framework, UL Tx spatial filter for PUCCH, PUSCH or SRS is determined based on spatial relation which provides a reference RS such as SSB, CSI-RS or SRS. Similarly, spatial relation is only applicable to FR2. In unified TCI framework, the function of spatial relation is moved to a joint TCI state or a UL TCI state which indicates the RS configured with QCL Type D to determine the UL Tx spatial filter.
In FR1, one way to realize beamforming is digital precoding, which simulates analog beamforming to match the channel direction. Codebook-based precoding and non-codebook-based precoding are specified based on CSI report or channel reciprocity. However, considering the fact that typical implementations of UAV antennas also relies on analog beam, pure digital beamforming without utilizing the existing capabilities of UAV antenna implementation would not satisfy the target scenarios full of these UAVs. 
In FR1, digital precoding only without directional antenna may have coverage problem for UAV UEs.
To improve the coverage for a UAV UE with high altitude, enhancement can be considered from both gNB side and UE side. For instance, the base station can be equipped with antenna array capable of up-tilt beamforming which is not in the scope of this WID, while UE can be equipped with multiple directional antenna panels or a rotatable directional antenna panel in FR1. Then the beam management procedure and reception and transmission of different channels based on TCI state with QCL Type D and spatial relation similar to FR2 can be introduced to FR1 by extending the spatial domain related capabilities to the FR1 or removing the constraints on the current beamforming capabilities.
Although gNB up-tilt beamforming is out of scope, SSB/CSI-RS for beam management can be transmitted with different beams. UE measures multiple SSB/CSI-RS resources and report the optimal SSBRI/CRI in L1 beam reporting, which has almost no specification effort as at least 8 SSB/CSI-RS for beam measurement is supported for FR1 and beam reporting is allowed for both FR1 and FR2 in current UE capabilities [2]. Meanwhile, the UE can also determine the optimal directional beamforming or directional antenna panel for reception and/or transmission according to SSB/CSI-RS. QCL Type D configured in a TCI state can be associated with a certain directional beamforming or directional antenna panel.
Multiple SSB/CSI-RS for beam management and beam reporting has been supported for FR1.
TCI state/spatial relation configuration by RRC, activation by MAC CE, indication by DCI can still be reused with QCL Type D to indicate the optimal beam for each DL/UL channel/RS.
In order to allow beam management to operate in FR1, the restriction “applicable only to FR2” for some identified UE capability parameters related to beam management should be removed:
PDSCH beam switching: Time duration of beam switching which is currently applicable only to FR2 may be needed if the antenna panel switches from inactive state to active state.
Beam switching: Maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC B_(B_Total). This number is defined as per SCS.
A-CSI-RS beam switching timing: Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission.
Configured spatial relations: Maximum number of configured spatial relations per CC for PUCCH and SRS.
Active spatial relations: Maximum total number of {unique DL RS (except for aperiodic NZP CSI-RS) and SRS without spatial relation configured, and, TCI states available for DCI triggering of aperiodic NZP CSI-RS}, for indicating spatial domain transmit filter for PUCCH and SRS for PUSCH, per BWP per CC.
From RRC configuration perspective, a TCI state is able to configure QCL Type D for a second QCL type associated with a reference RS.
In summary, we have following proposals.
Decide whether Rel-15/16 beam indication framework or Rel-17 unified TCI framework is used for beamforming in UAV scenario.
To support beamforming for UAV UE in FR1, consider removing the restriction “applicable only to FR2” for some UE capability parameters related to beam management. Send LS to RAN2.
To support beamforming for UAV UE in FR1, consider allowing to configure QCL Type D for a second QCL type associated with a reference RS in a TCI state. Update RAN1 specification accordingly.
Conclusion
The contribution discusses beamforming for UAV UE operating in FR1. We have following observations and proposals.
1. In FR1, digital precoding only without directional antenna may have coverage problem for UAV UEs.
Multiple SSB/CSI-RS for beam management and beam reporting has been supported for FR1.

1. Decide whether Rel-15/16 beam indication framework or Rel-17 unified TCI framework is used for beamforming in UAV scenario.
To support beamforming for UAV UE in FR1, consider removing the restriction “applicable only to FR2” for some UE capability parameters related to beam management. Send LS to RAN2.
To support beamforming for UAV UE in FR1, consider allowing to configure QCL Type D for a second QCL type associated with a reference RS in a TCI state. Update RAN1 specification accordingly.
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