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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item on NR support for UAV (Uncrewed Aerial Vehicles) was approved in RAN#94e [1]. The RAN1 objective in this WI is to study UE capability signaling to indicate UAV beamforming capabilities:
Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 
· FR1 with directional antenna at UE side
According to the WID, UAV beamforming capabilities, i.e., FR1 with directional antenna at UE side, should be studied. In order to make RAN1’s efforts count, it is beneficial to evaluate the motivation and necessity of supporting beamforming capabilities and capability signaling.
In this contribution, we first discuss the applicable scenarios and potential issues caused by specific characteristics of UAV. In addition, motivation and necessity of beamforming capabilities and capability signaling are further discussed.
2 [bookmark: _Ref129681832]Applicable scenario and potential issues
The support of aerial vehicles via terrestrial cellular systems is already achievable since LTE. There is a wide range of application scenarios by using UAVs in various commercial and government sectors, which includes HD video for security & safety surveillance, monitoring of critical infrastructure, wide-area rural surveillance of farming, emergency communication, live streaming of event (e.g. sports, concert, etc.), etc. 
Among scenarios such as HD video surveillance in urban hotspot and live streaming from an event area, where there are dense gNB deployment, UL interference to non-target gNBs may occur given the line of sight propagation conditions resulting from high altitude, as shown in Figure 1. However, for scenarios such as wide-area rural surveillance of farming and emergency communication, UL interference is not a critical issue considering the sparse gNB deployment. 
In high UL load scenarios such as HD video surveillance in urban hotspot and live streaming from an event area, where large number of UEs already exist, there may also exist UL capacity issue considering high data rate HD video from UAVs (e.g. live streaming a sport in the stadium).
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[bookmark: _Ref113902017][bookmark: _Ref115381295][bookmark: _Ref114818476]Figure 1 UL interference issue caused by UAV  
[bookmark: _Ref115435866]Observation 1: In UAV application scenarios, the UL interference issue may occur in the scenarios with dense-deployed gNBs considering line of sight propagation condition, and the UL capacity issue may occur in the scenarios with high UL traffic load.
The UL interference issue mentioned above may be alleviated through switching to a gNB outside the densely-deployed area as shown in Figure 2, where the switching procedure as specified in previous NR releases can be reused. In detail, a UE can be configured with measurement configuration information by RRC. Then, UE performs measurement on both the serving gNB and neighboring gNBs, and reports measurement results, e.g., RSRP, to the serving gNB. Based on the measurement results, the serving gNB can indicate the UE to switch to a gNB outside of the dense-deployed area. Furthermore, digital beamforming based on multiple antennas and advanced receiving algorithms at gNB side can be further used to mitigate potential residual interference if necessary.
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[bookmark: _Ref115359086]Figure 2 Potential solution for UL interference issue by switching 
[bookmark: _Ref115362698]Observation 2: The UL interference issue may be alleviated by switching to a gNB outside the dense-deployed area through existing switching procedure. Potential residual interference can be further mitigated by digital beamforming and advanced receiving algorithms at gNB side.
Regarding the UL capacity issue caused by high UL traffic load, it may not be simply addressed by offloading to another gNB since all nearby gNBs can be already busy enough with normal UL traffic and do not have sufficient spare UL capacity. 
[bookmark: _Ref115381311]Observation 3: The UL capacity issue caused by the high UL traffic load may not be simply addressed by offloading to another gNB.
3 [bookmark: _Ref111034415]On introduction of UE capability signaling
Based on the analysis above, it can be observed that the UL capacity issue cannot be fully addressed by switching gNBs, while the UL interference issue may be addressed. RAN1 can further study if existing FR1 operation including switching procedure, digital beamforming and advanced receiving algorithms can already address the UL interference issue. If RAN1 concludes that current FR1 operation is sufficient, then UE capability signaling may be not required.
[bookmark: _Ref115362711][bookmark: _Ref115381316][bookmark: _Ref114818516]Proposal 1: RAN1 needs to investigate the need of specifying capability signaling
· Whether existing FR1 operation including switching procedure, digital beamforming and advanced receiving algorithms can already address potential UL interference issue.
4 Conclusions 
In this contribution, the UL interference issue and the high UL traffic load issue are discussed in UAV scenarios. Further details on motivation and necessity of beamforming capabilities and capability signaling are discussed. We have following observations and proposal:
Observation 1: In UAV application scenarios, the UL interference issue may occur in the scenarios with dense-deployed gNBs considering line of sight propagation condition, and the UL capacity issue may occur in the scenarios with high UL traffic load.
Observation 2: The UL interference issue may be alleviated by switching to a gNB outside the dense-deployed area through existing switching procedure. Potential residual interference can be further mitigated by digital beamforming and advanced receiving algorithms at gNB side.
Observation 3: The UL capacity issue caused by the high UL traffic load may not be simply addressed by offloading to another gNB.
Proposal 1: RAN1 needs to investigate the need of specifying capability signaling
· Whether existing FR1 operation including switching procedure, digital beamforming and advanced receiving algorithms can already address potential UL interference issue.
References
[1] [bookmark: _Ref100645481][bookmark: _Ref110011224][bookmark: _Ref503170572][bookmark: _Ref501547084][bookmark: _Ref518562038]RP-213600, “New WID on NR support for UAV (Uncrewed Aerial Vehicles)”, Nokia, RAN#94e, December 06 - 17, 2021.
image1.png
Interference

(@

\ Interference





image2.png




