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1. [bookmark: _Ref18181]Introduction
In RAN#84 meeting, NR-UAV has been proposed by companies as the potential work areas for Rel-17[1][2]. Although it has not been captured in the summary [3], there are still a lot of interested companies to reveal their opinions in the corresponding email discussion [[UAV] Rel-17 UAV proposal]. In this contribution, our views on the scope of NR-UAV in Rel-17 are elaborated.
1. Views on the scope
In Rel-15, LTE based mechanism has been evaluated to support UAV services with the following requirements [4]:[bookmark: _Toc502956240]4.1	Deployment scenarios and assumptions
The maximum target height and the maximum horizontal speed requirement for aerial vehicles are 300 m AGL and 160 km/h, respectively. The maximum horizontal speed requirement is applicable to both urban and rural scenarios.
[bookmark: _Toc502956243]5.1	Performance requirements
Table 5.1-1 captures the connectivity service requirements for aerial vehicles.
Table 5.1-1: Requirements for aerial vehicles connectivity services
Items
Value
Data type
1.	C&C: 
This includes telemetry, waypoint update for autonomous UAV operation, real time piloting, identity, flight authorization, navigation database update, etc.
2.	Application Data:
This includes video (streaming), images, other sensors data, etc.
Latency (NOTE)
1.	C&C: 50ms (one way from eNB to UAV) 
2.	Application data: similar to LTE UE (terrestrial user)
DL/UL data rate
1.	C&C: 60-100 kbps for UL/DL
2.	Application data: up to 50 Mbps for UL
C&C Reliability
Up to 10-3 Packet Error Loss Rate


It can be found that, the scope of previous study is limited to the cases with lower altitude, speed and moderate requirements on throughput. Moreover, since all the simulations and real field test are based on LTE network, the identified issues are mainly for FR1. 
Observation 1: In the previous study on UAV, only FR1 is evaluated for UAV application with low altitude.
With the boosting application of UAV, further study should be considered in addition to the previous LTE-based SID/WID [1]. For example, for UAV applications at low altitude, as identified by SA1, specific requirements for verticals that require much higher upstream data throughput, lower end to end latency and higher reliability for communication link should be addressed. More specifically, the end-to-end latency for remote control of UAVs in case of cargo delivery should be less than 13~15 ms to keep the high granularity for movement control (corresponding Dis = 0.58 ~ 0.67 m if VDrone =160 Km/h). W.r.t the required stable data rate for UL transmission, up to 120 Mbps is needed to support multiple-stream HD video transmission for monitoring and surveillance. The new architecture and identification related procedure studied by SA2 also call for fresh analysis in RAN side. Some regulatory aspects and security issues in 22.825 were not touched by LTE SI/WI at all and should be also taken into account by NR WI e.g. the broadcast of no-fly zone and to enable UAV platoon applications. 
Observation 2: Additional requirements have been identified for supporting NR-based UAV service with low altitude.
In order to support the above requirements, reviews on the investigation and corresponding specified solution in previous study are conducted. It can be found that in [4], following key issues have identified:
1. Interference: 
On this aspect, investigation on both DL and UL are conducted with corresponding solution for interference mitigation. Among these options, usage of directional antenna and transmission beamforming are considered as promising solution to handle this issue. However, with limitation on the LTE-framework, e.g., lack of mechanism of beam management mechanism, no detailed evaluation and specific impact have been identified in study phase. Consequently, only minor enhancement on the power control, e.g., UE-specific power control parameter configuration, is specified to alleviate the interference for UL transmission with taken into account the performance tradeoff between aerial and normal UEs, e.g., with limited UL transmission power for aerial UE.
2. Mobility:
On this aspect, based on the simulation results and field measurement, it can be observed that, comparing to terrestrial UEs, due to their high line-of-sight propagation probability, larger number of adjacent cells can be detected by aerial UEs, e.g., up to 16 cells can be observed by an aerial UE at heights of 50m or above. More specifically, with consideration on the down tilted BS antennas (e.g., for terrestrial BS, the antenna is tilted to improve the service for normal UEs), an aerial UE whose height is above BS boresight is likely to be served by side lobes of the antennas. Due to the presence of possible nulls in the side lobes, an aerial UE may possibly see a stronger signal from a faraway BS than the one that is geographically closes according to the interlaced coverage pattern on different height due to the impact of beam pattern as illustrated in Figure 1. Then, the handover rate and corresponding ping-pong rate will increase. 
[image: ]
[bookmark: _Ref25931186]Figure 1 Illustration of the coverage at different altitude for BS on the ground
In the previous study, enhancements are introduced to improve the performance for mobility. For example, w.r.t the improvement of reporting efficiency, solution as event triggered reporting based on the threshold of altitude, or met for a configurable number of detected cells is specified. However, for the mobility performance, w.r.t the specified solution, e.g., flight status and flight path report, performance gain may be observed by assuming that BS may be able to use this information to know in advance which cell would be suitable for the UE to be handed over to and if a new X2 connection is beneficial to be established. No optimization with consideration on the beam enhancement is considered for resolving the fundamental problems.
According to the analysis above, it can be concluded that the specified solution in LTE phase is not sufficient since the corresponding study is conducted under LTE framework without support on new feature as NR, e.g., beam management. Additional investigation enhancements are certainly needed for addressing the issues in NR even for FR1 only.
Observation 3: Additional study and enhancement are needed to support UAV in NR.
Proposal 1: For supporting NR-UAV, extended scope instead of copy-paste of enhancement from LTE is preferred in Rel-17 to provide the promising performance.
1. Conclusion and proposals
In this contribution, discussion on the enhancements related to UAV and corresponding scope are conducted with following observations and proposals: 
Observation 1: In the previous study on UAV, only FR1 is evaluated for UAV application with low altitude.
Observation 2: Additional requirements have been identified for supporting NR-based UAV service with low altitude.
[bookmark: _GoBack]Observation 3: Additional study and enhancement are needed to support UAV in NR.
Proposal 1: For supporting NR-UAV, extended scope instead of copy-paste of enhancement from LTE is preferred in Rel-17 to provide the promising performance.
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