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Introduction
[bookmark: _Hlk510705081]RAN#94e approved a revised WID on NR Support for UAV (NR_UAV) [1]. In RAN#98e, the WID was revised as [2], with the following objective related to RAN WG#1:  
· Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 	
· FR1 with directional antenna at UE side

In this contribution we present our views on the UE capability signalling to indicate and support UAV beamforming capabilities as stated in the objective above.
Discussion
[bookmark: _Ref127267450]Extension of FR-2 only beam management parameters for FR1 UAV UEs

During 110-bis-e meeting, the agreement to further study beam management procedure for FR1 was made. There are multiple features from existing beam management procedures that are FR2 only related. Particularly, beam correspondence and spatial relation are not applicable to FR1. 
	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)



In terms of RAN1 specifications, the FR2 beam management parameters (or subset of) e.g., spatial relation, beam correspondence, could be adapted to FR1 in order to support UAV beamforming capabilities. From RAN2 perspective, the UAV beamforming capabilities and, if necessary, RRC signaling, can be designed, even without the need for a full fledged UAV beam management. Nevertheless, beam management mechanisms need also to be considered in the RAN4 specifications. Currently, most of FR2 features testing and verification is performed via radiated test setups, while in FR1 conductive test are used. Hence, adopting FR2 beam management mechanisms in FR1 would also lead to new FR1 RAN4 specifications, at least for the special class/type/case of (UAV) UEs having beamforming capabilities.
Proposal 1: Draft LS to RAN4 to clarify the expected impact of supporting UAV UE beamforming in RAN1.
However, according to the objectives, the refinement of beam management procedure was not a part of objectives for UAV Release 18 WI. Therefore, given the tight time budget we propose not to consider the extension of parameters for beam management procedure from FR2 to FR1 in RAN1 UAV Release 18 WI and only focus on the UE capability signalling as clearly mentioned by objectives.
Proposal 2: RAN1 UAV Release 18 WI do not consider extending parameters for beam management procedure from FR2 to FR1 and focus on UE capability signalling to indicate UAV beamforming capabilities as per objectives.  
The refinement of beam management procedure, and extension for FR1 can be addressed in future 3GPP UAV releases, e.g., Release 19, with dedicated RAN1, RAN2 and RAN4 involvement.
We believe, for the current Rel 18 WI, the minimum UAV beamforming capabilities should be considered only, which are possible to specify in the available time budget, without RAN4 involvement, yet are still useful for MNOs and UAV vendors to harness the benefits of such configurations. One possible way forward, is to (re)use the existing 2 TX RAN4 requirements, with some RAN1- and RAN2-only modifications. In the Annex section we show results (discussed in details in Section 2.2) with possible antenna configuration using UAV UE fixed grid of beams. Analyzing the baseline cases with 1 or 2 beams, it is practical to assume that these directive antenna elements can be mapped to the 2TX configuration. This implies that all existing RAN4 specifications [TS38.101-1] are kept unchanged, as long as we ensure the TX power and EIRP requirements. Furthermore, due to similarities with V2X, the specifications in TS 38.101-1 (clause 6.2E, &.5E) can also be considered to be applicable. One of the key requirements is the availability of “supported post antenna connector gain Gpost connector declared by the UE following the principle described in annex I in [11].” as noted in TS 38.101-1 6.2E.1.1; which would be relatively easy requirement to adopt for the UEs supporting NR UAV Release 18 features.
Proposal 3: RAN1 UAV Release 18 WI to consider the (re)use of the existing 2TX antenna configurations to support UAV beamforming in FR1.
Further discussions on the required UAV UE beam characteristics needed to materialize the network-assisted UAV UE beam selection, are included in Section 2.2 and Section 2.3 below.
Observation 1: The proposed framework in Section 2.2 and Section 2.3 leverages UE beams in a simple manner to reduce the relevant problem of interference in high altitudes. It is also agnostic to frequency layer. 

[bookmark: _Ref127267463]Indication of UAV UE Beam Characteristics
In RAN1#110bis-e the following agreement was made regarding indication of beam characteristics as UE capability to the network:
	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)



In scenarios where UAV UEs are operating in dense urban environments, UL transmissions made by those UAV UEs have the potential to create significant inter-cell interference, due to the higher LoS probability of links between UAV UEs and gNBs, particularly at high altitudes. This UL interference can negatively impact both UAV UEs and conventional ground UEs, while attempts to mitigate interference via guard bands/intervals can limit spectral efficiency and reduce network capacity. This effect can be most dramatic in scenarios where a UAV UE may be providing enhanced connectivity to ground UE and therefore have high demand for UL capacity. 
UL beamforming has demonstrated the ability to reduce UL inter-cell interference, improve network capacity, and enable more flexible load balancing among neighboring cells [5] - [8]. Benefits can be realized when UAV UEs make local beamforming decisions, however these approaches are sub-optimal compared to network-assisted approaches. 
In order to evaluate further the potential benefits from using UAV beams (FR1), we show in the Annex results with more realistic assumption of fixed grid of beams at the UAV (fixed, relative to the orientation of the UAV body/ fuselage/ airframe). Our latest evaluations results show that an antenna configuration with a minimum of 2 UAV beams of 65 deg horizontal beamwidth is sufficient to harness these benefits, in the considered regular rural scenario network deployment. To conclude, for generalisation purposes, and for real-life network deployments, with denser sites etc., we recommend the use of at least 4 beams at the UAV, while a 2-beams configuration is the minimum needed to have any benefits and improvements. See Annex for details.
Observation 2: For uplink interference mitigation is beneficial to define at least two UAV UE beam center directions (see for example Figure 1 in Annex). 
This information can be beneficial in interference reduction, where UAV UEs can jointly optimize beamforming to limit interference and maximize capacity and in load-balancing, where UAV UEs may be capable of being handed over to more distant gNBs that may be less heavily loaded.    
In order to achieve the benefits of network-assisted beamforming, the network must first be able to monitor the beamforming characteristics of the UAV UEs operating within the service region. While there is no current baseline for characterizing the beamforming capabilities of UEs in NR RAN, conformance requirements specified for network infrastructure in FR2 have performed a similar function in RAN4 [9]. 
The following parameters are specified as requirements on radiated transmissions for repeaters, IAB nodes and gNBs operating in FR2 [9]:
Beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array. 
Beam centre direction: direction equal to the geometric centre of the half-power contour of the beam. 
Beam direction pair: data set consisting of the beam centre direction and the related beam peak direction. 
Beam peak direction: direction where the maximum EIRP is found. 
Beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse. 
OTA coverage range: a common range of directions within which OTA requirements that are neither specified in the OTA peak directions sets nor as TRP requirement are intended to be met. 
OTA peak directions set: set(s) of beam peak directions within which certain OTA requirements are intended to be met, where all OTA peak directions set(s) are subsets of the OTA coverage range. 
Reference beam direction pair: Beam direction pair in the reference direction declared by the manufacturer. 
While this set of parameters would be sufficient for the network to fully characterize directional transmissions made by a UAV UE, a more limited set of features may be sufficient to realize the benefits of network-assisted beamforming for UAV UEs. Based also on the discussion in Section 2.1, our proposal is:
Proposal 4: Specify UE FR1 capability for signaling for at least the number of beams, beam center directions and post antenna connector gain, of UAV UEs, each with a unique beam identity.
In addition to beam characteristics of the UAV UEs it may be necessary for the network to be able to monitor UAV UE orientation – hence implicitly the orientation of the UAV beams – as unlike in network infrastructure, the orientation of UAVs may change as a result of UAV mobility and flight path. This is beneficial first and foremost for operation in FR1 as explained above, and can also be utilized in FR2 when combined with the existing UE beam management solutions.
Proposal 5: Specify UE capability to report at least UAV UE orientation to the network e.g., heading/velocity vector as part of the location information
Naturally, RAN2 signalling support is needed for the above proposals. We consider this a minimum specification effort which is more or less already begin addressed in current RAN2 UAV Release 18 discussions.
Observation 3: The signalling required to convey the information about the UAV UE orientation can be RRC signalling as being discussed in RAN2 UAV Release 18.

Indication of minimum beam application latency for UAV UEs
	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)



As discussed in Section 2.1 and 2.2, the main justification for using directional antennas for UAVs is related to the well-known problem of interference in high altitude scenarios. In these sections, we proposed a way forward which would ensure that basic, but useful for this objective, UAV beamforming capabilities would be specified for UAV Release 18. Our proposed framework is also in line with the WID description as it works well for FR1 (it is agnostic to frequency). While other ongoing work for multi-beam operation is currently restricted to FR2 operation and has to deal with other complications and the dynamicity of FR2 (with higher switch rate between selected beams) rather than the interference management. 
Regarding the considerations of “beam application latency”, they don’t seem to be applicable to the framework in question, as it proposes an RRC controlled mechanism for beam selection. First of all, even for the complex scenario of FR2, the range of minBeamApplicationTime capability in release 17 goes from 1 to 336 symbols. Considering the worst case scenario (highest application time at lowest SCS in FR2), the minBeamApplication time is at most 6 ms. This value can be easily accommodated in RRC procedures, specially considering that beam switches at the UE are not expected to happen very often. 
Proposal 6: RAN1 UAV Release 18 WI do not consider reusing the framework for beam application latency designed for FR2, as it is not needed by a more simplified approach for FR1 UAV beamforming. 

Conclusion
In this contribution, we discussed the UE capability signalling to indicate UAV beamforming capabilities. 
The following observations have been made:
Observation 1: The proposed framework in Section 2.2 and Section 2.3 leverages UE beams in a simple manner to reduce the relevant problem of interference in high altitudes. It is also agnostic to frequency layer. 
Observation 2: For uplink interference mitigation is beneficial to define at least two UAV UE beam center directions (see for example Figure 1 in Annex). 
Observation 3: The signalling required to convey the information about the UAV UE orientation can be RRC signalling as being discussed in RAN2 UAV Release 18.

The following proposals have been made:
Proposal 1: Draft LS to RAN4 to clarify the expected impact of supporting UAV UE beamforming in RAN1.
Proposal 2: RAN1 UAV Release 18 WI do not consider extending parameters for beam management procedure from FR2 to FR1 and focus on UE capability signalling to indicate UAV beamforming capabilities as per objectives.  
Proposal 3: RAN1 UAV Release 18 WI to consider the (re)use of the existing 2TX antenna configurations to support UAV beamforming in FR1.
Proposal 4: Specify UE FR1 capability for signaling for at least the number of beams, beam center directions and post antenna connector gain, of UAV UEs, each with a unique beam identity.
Proposal 5: Specify UE capability to report at least UAV UE orientation to the network e.g., heading/velocity vector as part of the location information
Proposal 6: RAN1 UAV Release 18 WI do not consider reusing the framework for beam application latency designed for FR2, as it is not needed by a more simplified approach for FR1 UAV beamforming. 
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Annex

In reference [7] and [8] we have presented early evaluation results in terms of the terrestrial uplink user throughput improvements when using beamforming at the UAV. The main assumptions and results from [8] are reiterated here in Figure 1, for completeness. 
[image: ][image: ]
[bookmark: _Ref115227809]Figure 1: Left: Simulated network deployment in FR1 for evaluating the interference impact on one hot spot cell, c.f. the scenario in [8]. Right: Example evaluation result of the simulated scenario, in terms of cell #1 terrestrial user throughput distribution [8].

The performance numbers above from [8] have been generated assuming ideal UAV beam orientation, i.e. perfect alignment with the desired direction required to minimize interference or to maximise RSRP. In order to evaluate further the potential benefits from using UAV beams (FR1), we show here results with more realistic assumption of fixed grid of beams at the UAV (fixed, relative to the orientation of the UAV body/fuselage/airframe), as depicted in Figure 2. These antenna beam configurations are similar to the setup used in the evaluation presented in [5], with additional single beam configuration.
[bookmark: _Ref126227442]Figure 2: UAV UE fixed grid of beams. The UAV is assumed to be a hexacopter and is depicted as a blue hexagon. The directive antenna elements in the horizontal plane are indicated with gray triangles. The antenna are assumed to be non-directional in the elevation plane.2 x 65o beams
4 x 65o beams
6 x 65o beams
1 x 65o beams


For the evaluation of the impact of using the UAV beams configuration in Figure 2, we use the same simulator assumption as in [8]. The UAV locations at a height of 50m are selected randomly within the inner circle area in Figure 1, and for each location the UAV orientation – hence also the orientation (horizontal angle) of the fixed grid of beams in Figure 2 – is selected uniform randomly.
The main results, in terms of the terrestrial UL user throughput distribution in selected hot spot cell (cell #1, same as in [8] and Figure 1) are shown in Figure 3. The curves labelled with “(perfect)” correspond to the earlier results presented in [8], while the curves labelled “(grid)” are the new results assuming the antenna configurations in Figure 2. The main conclusion from these results confirm the benefits from using UAV beams to minimize overall uplink interference, especially when combined with the minimum interference (towards the hotspot cell) -based cell selection (same as [8] and Figure 1). The new results show that an antenna configuration with a minimum of 2 UAV beams is sufficient to harness these type of benefits (in the considered scenario): 
· The configuration with 1 beam, although show similar results, should not be used in practice due to the too strong dependency on the UAV orientation, when considering a given flight path/trajectory.
· The configuration with 2 beams, is flexible enough, provided the beamwidths are at least 65o or 90o as evaluated in [5]
· The configurations with 4 and 6 beams perform rather similarly as the 2 beams scenario. We believe this is mainly due to the considered deployment scenario (regular grid with 1763m inter-site distance) 

Analysing in more details the benefits of UAV beams we show in Figure 4 the UAV uplink transmit power distribution for each UAV UE antenna configuration. From these results, it is evident that the use of 2-beams is mostly beneficial when RSRP based cell selection is performed, while a 4-beams configuration lowers further the required transmit power for both, RSRP and interference -based cell selection. 
To conclude, for generalisation purposes, and for real-life network deployments, with denser sites etc., we recommend the use of at least 4 beams at the UAV, while a 2-beams configuration is the minimum needed to have any benefits and improvements.

[image: ]
[bookmark: _Ref126228027]Figure 3: UAV beam configuration impact on the terrestrial UL user throughput distribution in selected hot spot cell (cell #1, same as in [8] and Figure 1).
[image: ]
[bookmark: _Ref126230986]Figure 4: UAV beam configuration impact on the UAV UL transmit power distribution.
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