[bookmark: _Ref452454252]3GPP TSG-RAN WG2 #100	R2-1713265
Reno, USA, November 27th – December 1st 2017 				   		   			   


Agenda item:	9.4.4.3
Source:	Nokia, Nokia Shanghai Bell
Title:	Mobility enhancements for UAVs - reference altitude 
WID/SID:	FS_LTE_Aerial - Release 15
Document for:	Discussion and Decision
1	Introduction
One of the objectives of the “Study on enhanced Support for Aerial Vehicles”, description of which can be found in [1], is:
	Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]



RAN2 has intensively debated over submitted mobility simulation results. In parallel, a discussion on the possible enhancements has been triggered (report available in [2]). This paper is aimed at outlining further details concerning S18, suggested by Nokia in the course of [2]. 
2	Discussion
2.1	Reference altitude 
During the preceding RAN2 meetings, several companies have advocated the need of height/altitude related parameters for UAV UEs [3][4] or UAV-related parameters provided in System Information [3][5]. Various suggestions have been made: to require the UAV UE to periodically report its height, to broadcast UAV specific parameters (e.g. pertinent for cell reselection process) as a part of System Information or to introduce a height threshold above which the UAV UE is not handled alike ground UEs. Not surprisingly, height is pointed out multiple times in various papers as it appears to be one of the main differentiators between the legacy and UAV UEs. However, we would like to point out that not only UAV UE’s height matters. In fact, the mutual relationship between the base station antenna’s height and the UAV’s cruising height plays significant role.
Observation 1: [bookmark: _Ref498358455]Not only the UAV height, but eNB antenna’s height and its relation to UAV’s cruising height is an important aspect to consider when optimizing the mobility/cell selection parameters. 
One can easily imagine two UAVs could be flying at the same height above the ground level (AGL), but may be served by two different eNBs, in vertical domain having substantially spaced antennas. In such circumstances, it is expected those UAVs will encounter different DL propagation, even though they operate at the same height AGL. Furthermore, based on UAV’s built-in GNSS receiver, such device can estimate its altitude (with reference to the sea-level) but not its current cruising height (with reference to the ground level).
Observation 2: [bookmark: _Ref498358467]UAV UEs, most likely, will be capable of assessing their altitude (i.e. based on GNSS), but will have no means to compute their instantaneous height AGL.
In order to effectively use height-dependent UAV parameters, either for handover or cell (re)selection, UAV UE needs to be able to determine what its current operating height is with respect to the ground level or alternatively eNB’s antenna’s altitude. As a result, we believe it could be beneficial to broadcast (or perhaps even use dedicated signalling in some cases) the ground altitude or eNB antenna’s altitude. This would help the UAV UE to estimate its current height AGL and take proper decision with respect to which parameters are applicable, provided there would be a height threshold introduced as a part of UAV mobility enhancements. Fig. 1 depicts the scenario which has been described above. 
[image: ]
[bookmark: _Ref498357047]Fig. 1: The height threshold and the ground reference altitude.

Proposal 1: [bookmark: _Ref498358480][bookmark: _Ref498606266]RAN2 is asked to consider providing the ground or eNB antenna’s altitude to UAV UE by means of System Information and/or dedicated RRC signalling. Multiple reference altitudes for different (x,y) positions can be also provided in case of changing ground altitude. 
2.2	3-D flight corridors 
An extension of what has been suggested in subsection 2.1 is to consider three dimensions, namely (x,y,z) coordinates in specifying the validity areas for certain parameter sets. It appears to be a justified approach not only to focus on a single dimension (i.e. height only) as two UEs operating at the same height (in relation to eNB antenna’s location) could be quite distant from each other in horizontal domain (e.g. both 100 meters above the eNB, but the first one 20 meters from the eNB, second one 1000 meters apart). Thus, each of them could be encountering different DL conditions, taking into account antenna tilts, etc. Implementing such 3-D borders would effectively mean creating “aerial corridors”, wherein UAV UEs could be using a set of parameters, valid only within this 3-D area.
Proposal 2: [bookmark: _Ref498358500]RAN2 is asked to consider providing the 3-D coordinates to the UAV UE, which would help in defining the aerial corridors, restricting the use of certain mobility settings.
3	Conclusions
This paper briefly outlined height and altitude related aspects for UAVs. Within the text, the following Observations and Proposals have been made: 
Observation 1: Not only the UAV height, but eNB antenna’s height and its relation to UAV’s cruising height is an important aspect to consider when optimizing the mobility/cell selection parameters.
Observation 2: UAV UEs, most likely, will be capable of assessing their altitude (i.e. based on GNSS), but will have no means to compute their instantaneous height AGL.
Proposal 1: RAN2 is asked to consider providing the ground or eNB antenna’s altitude to UAV UE by means of System Information and/or dedicated RRC signalling. Multiple reference altitudes for different (x,y) positions can be also provided in case of changing ground altitude.
Proposal 2: RAN2 is asked to consider providing the 3-D coordinates to the UAV UE, which would help in defining the aerial corridors, restricting the use of certain mobility settings.
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