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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



Three aspects to be studied were agreed in RAN1#110bis-e [2]:
	Agreement
Study extending application of FR2-only beam management parameters e.g., spatial relation, beam correspondence, etc. to FR1 for UAV UEs
FFS: Other parameters
FFS: Impacts to legacy beam management for FR1
FFS: Application of beam correspondence in FDM bands
Note:  Identification of relevant UAV UE capabilities does not require commitment to support a specific TCI framework, and relevant parameters may change depending on the framework supported
Note: Whether or not to specify above parameters should depend on the identification of  the target scenarios and the potential issues faced by UAV,  the identification of  which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues, and the necessity of specifying above parameters (i.e., whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks)

Agreement
Study indication of beam characteristics, e.g., number of beams, beamwidth, beam center, radiated EIRP, etc. as UAV UE capability
FFS: Feasibility/benefit of indicating orientation of beams including height dependence 
FFS: Necessary parameters, ranges of suitable values, and method of indication
FFS: Height-dependence on relevant parameters
FFS: Indication of beams as either ‘fixed’ or ‘adaptive’
Note: Whether or not to specify above parameters should depend on the identification of  the target scenarios and the potential issues faced by UAV,  the identification of  which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues, and the necessity of specifying above parameters (i.e., whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks)

Agreement
Study indication of minimum beam application latency as UAV UE capability
· If unifiedJointTCI-r17 is supported, suitable range of values for minBeamApplicationTime-r17
· If unifiedJointTCI-r17 is not supported, enhancements to timedurationforQCL may be considered
· FFS: additional parameters, e.g., beamSwitchTiming
Note: further consideration does not require commitment to support a specific TCI framework.
Note: Whether or not to specify above parameters should depend on the identification of  the target scenarios and the potential issues faced by UAV,  the identification of  which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues, and the necessity of specifying above parameters (i.e., whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks)


General principles have been agreed in RAN1#112 [3]:
	Agreement
RAN1 only considers potential UE UAV beamforming capabilities for FR1 with directional antennas at UE side in Rel-18 if such capabilities don’t impact RAN4 requirements.

Agreement
If new UE UAV beamforming capabilities for FR1 with directional antennas at UE side are supported, Rel-17 unified TCI framework is considered as baseline.

Agreement
Multi-TRP beamforming is not supported for UAV UEs in FR1 in Rel-18.

Agreement
UE UAV beamforming for FR1 based on beam switching among fixed directional antennas is supported in Rel-18.
· Note 1: new UE capabilities may not be necessary to support beam switching among fixed directional antennas
· Note 2: no RAN4 specification impact is assumed
· FFS: whether updating (e.g. extending to FR1) legacy UE capabilities is needed, and it is not precluded if it is needed
· FFS: whether/how specification may be impacted



This contribution further discusses possible beamforming enhancement related to MIMO operations for a UAV UE operating in FR1.
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. However, Rel-15/16 beam management framework is very cumbersome as each channel and RS has its own way to be configured, activated or indicated the applied TCI state or spatial relation. Rel-17 unified TCI framework, on the contrary, reduces the signaling complexity and overhead and TCI state updating latency enormously and has been considered as baseline. Therefore, only considering Rel-17 unified TCI framework for FR1 in UAV is sufficient and efficient.
Rel-15/16 beam management framework is not supported for beamforming in UAV FR1 scenario.
A UE UAV equipped with multiple fixed directional antennas is the main deployment as shown in Figure 1, which is quite similar to multi-panel transmission and reception. The beam management design principle tries to avoid explicitly introducing Tx/Rx panels/panel IDs in specification, but utilizes joint/DL/UL TCI states to implicitly indicate antenna panels. From UE side, it can associate joint/DL/UL TCI states with panels via beam measurement procedure so that it will use an appropriate Rx panel to receive DL channels/RSs as indicated joint/DL TCI state by gNB, and an appropriate Tx panel to transmit UL channels/RSs as indicated joint/UL TCI state by gNB. To realize beamforming in FR1, TCI state configuration by RRC, activation by MAC CE, indication by DCI can still be reused with QCL Type D included in TCI states to indicate the optimal beam, i.e., directional antenna panel, for each DL/UL channel/RS.


2×90o beams						4×90o beams						6×60 o beams
[bookmark: _Ref127554388]Example of UAV UE antenna radiation patterns shown in [4].The AV is assumed to be a hexacopter and is depicted as a blue hexagon. The directive antenna elements are indicated with gray triangles.
From UE side, it can associate joint/DL/UL TCI states with panels via beam measurement procedure so that it will use an appropriate Rx panel to receive DL channels/RSs as indicated joint/DL TCI state by gNB, and an appropriate Tx panel to transmit UL channels/RSs as indicated joint/UL TCI state by gNB.
To realize beamforming in FR1, TCI state configuration by RRC, activation by MAC CE, indication by DCI can still be reused with QCL Type D included in TCI states to indicate the optimal beam, i.e., directional antenna panel, for each DL/UL channel/RS.
Discussion on beamforming related UE capabilities
1.1. 
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. 
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. Some parameters for Rel-15/16 are also applicable to Rel-17 unified TCI state framework, identified as follows [5]:
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.
A parameter for Rel-17 is also identified [6]:
Beam misalignment between the DL source RS in the TCI state: Beam misalignment between the DL source RS in the TCI state to provide spatial relation indication and the PL-RS
To support beamforming for UAV UE in FR1, consider removing the restriction “applicable only to FR2” for some UE capability parameters related to Rel-17 unified TCI state framework for beam management, including
PDSCH beam switching
Beam switching
A-CSI-RS beam switching timing
Beam misalignment between the DL source RS in the TCI state
Send LS to RAN2.
Discussion on beamforming related RRC parameters
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. In unified TCI framework, the function of spatial relation for FR2 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. From RRC configuration perspective, a TCI state in FR1 should be allowed to configure QCL Type D for a second QCL type associated with a reference RS.
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 and send LS to RAN2.
Conclusion
The contribution discusses beamforming for UAV UE operating in FR1. We have following observations and proposals.
1. From UE side, it can associate joint/DL/UL TCI states with panels via beam measurement procedure so that it will use an appropriate Rx panel to receive DL channels/RSs as indicated joint/DL TCI state by gNB, and an appropriate Tx panel to transmit UL channels/RSs as indicated joint/UL TCI state by gNB.
To realize beamforming in FR1, TCI state configuration by RRC, activation by MAC CE, indication by DCI can still be reused with QCL Type D included in TCI states to indicate the optimal beam, i.e., directional antenna panel, for each DL/UL channel/RS.

1. Rel-15/16 beam management framework is not supported for beamforming in UAV FR1 scenario.
To support beamforming for UAV UE in FR1, consider removing the restriction “applicable only to FR2” for some UE capability parameters related to Rel-17 unified TCI state framework for beam management, including
PDSCH beam switching
Beam switching
A-CSI-RS beam switching timing
Beam misalignment between the DL source RS in the TCI state
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 and send LS to RAN2.
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