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This document is intended to provide technical information and guidance to answer to Request for Information from public authorities [RP-141862] regarding the feasibility of LTE mission critical Air Ground Air communications particularly for public safety. 
This document assumes that these communications occur between an LTE user equipment that is on board of a helicopter or plane and ground LTE base stations.
1. Summary of targeted use cases and assumptions [Contribution from Public Authorities]:

Targeted use cases and communications:

 Video Service (this is uplink imagery traffic from aircraft)

a. 1 to 1 High definition video: to be transmitted from the helicopter to the ground. 
b. 1 to many high definition video: pushed from a helicopter to a group of ground devices  (may be with a lower definition):  We can see it as a one to one communication with dispatcher + a simultaneous video group communication that could be independent.

Note: At the same time as these video services there is likely to be separate voice communications either One-to-one or group so that instructions and information can be passed backwards and forwards. There is also likely to be a small amount of data such as status information and incident information.
2) Voice Service
a. Group communication: the group can include both ground devices and helicopters or planes 
b. One-to-one: most likely with users on the ground, but could involve other helicopters or planes. 

3) Data (SMS type messaging and packet data) : 
a. One-to-one: most likely with users on the ground, but could involve other helicopters or planes. 

b. Group the group can include both ground devices and helicopters or planes
4) Air Ground Air communications involving roaming device ? 
There are two kinds of roaming:

A) Moving from one PLMN to another: this should be possible to enable a Spanish helicopter to communicate with a group in France for instance.

B) Moving from an MCPTT server (or MCPPT plus its video extensions after R13) to another. This authorization will be controlled by critical communications organization and will not be seen nor managed by the bearer network.

5) FFD
Operational assumptions:

Environment:

· Helicopters are used for rescue and providing reconnaissance information to support events/incidents in rural (including mountains etc with limited coverage) and urban environments. This would also be used within a certain range of land out to sea. 
· Planes are often used in Rural environments (Forests, Mountains, etc), however can be used near urban areas.
Altitudes:

· We are looking for this to operate from 500ft and above ground level/above the sea.

· Helicopters: altitude is 1500ft in general but in mountain it goes up to 15 000ft.
· Planes: altitude can be between 2000 and 15000 ft. 
Maximum speed and mobility:

· Helicopters: 250km/h.
· Planes: 450km/h 
· Ascent or descent of up to 1,000ft per minute;
Traffic assumptions:

We assume for a region of 90 000km²: 6 simultaneous communications for helicopters and 6 simultaneous communications for planes. In the UK we have 3 times the number of aircraft per ‘region’
Performance:
These are assumed performance characteristics of an LTE system :-
· Packet delay:

· less than 100ms for voice and streaming services; and

· less than 300ms for data services.

· Packet error loss tolerance:

· less than 10-2 for voice bearers;

· less than 10-3 for critical and essential data and streaming bearers; and

· less than 10-6 for non-critical data bearers
2. Technical feasibility: [Companies contributions: Vendors, Authorities, Operators, etc]
Can the above Air ground Air communications be delivered over legacy LTE networks on a shared frequency with other ground communications?
[Note: Please mention the starting release for support of A2G communications and any potential impact such communications could have on the operator’s legacy LTE services, etc. 
Also please detail the differences in support, if any, in between scenarios where the LTE network is a Commercial network versus a private Public safety dedicated network]
· Commercial LTE network:

[Company 1]: TBC

· Private LTE network:

[Company 1]: TBC

Is it necessary/recommended/nice to have a dedicated frequency to deliver the above listed A2G communications? If yes please elaborate on the reasons behind
[Note: please detail the differences in support, if any, in between scenarios where the LTE network is a Commercial network versus a private Public safety dedicated network]
· Commercial LTE network:

[Company 1]: TBC

· Private LTE network:

[Company 1]: TBC

Please detail any potential QoS/performance degradation or concerns expected to rise for A2G communications in comparison with Legacy LTE communications?

[Note: e.g. service interruptions? coverage problems? lower data rates? ]
· Commercial LTE network:

[Company 1]: TBC

· Private LTE network:

[Company 1]: TBC

Please mention any standard modifications or enhancements that are necessary to enable the above targeted A2G communications? 
[Note: Please detail the required modifications: new features? new signalling? New device categories? new RF requirements? New RRM requirements? etc]
Please detail any network engineering, dimensioning or optimisation guidelines necessary to allow the above A2G communications: 
Specific Question: LTE standards state that a base station must meet in full the receiver sensitivity specification for a mobile on a high speed train moving directly towards and away from the base station at 350km/h.  They also state that a mobile must do likewise at a speed of 300km/h.  The standards specify a Doppler shift that implies a carrier frequency of 2.7GHz for the mobile and over 4GHz for the base station. What is the reason for the difference between mobile and base station specifications?  

[Note: e.g. specific antenna systems? backhaul constraints? dedicate a carrier/resources? HW impact on BS (Ppower amplifier, BBU, etc)? special configuration or planning? special coordination with adjacent operators ? Frequency management between neighbouring countries? etc]  
· Commercial LTE network:

[Company 1]: TBC

· Private LTE network:

[Company 1]: TBC

Other deployment considerations:

If the deployment approach is to have a dedicated A2G eNodeBs operating on separate spectrum from a ground based network, how could a seemless handover be achieved? Does this put specific requirements on the UE in terms of network selection?
If the deployment approach is to have a set of dedicated A2G eNodeBs what are the restrictions in LTE that would limit the size of cells? Is this upper limit based on using commercial handheld power class? Or is it the case that above a certain size would affect the assumed performance characteristics of LTE above or cause issues with cell handover? 
For optimal deployment of A2G services is there a clear technical rationale for TDD/FDD spectrum?
3. Conclusion and proposal
Although no answers were provided by companies on the specific questions asked above, there is a common understanding from companies interested in the topic that:

· Air-to-Ground communications can be in general provided over LTE with no impact to the LTE standards (rel-8 and beyond). 

· It may be possible to refine the performance of the communications with some minor standards changes, but these are in most cases expected to be non-essential optimizations.
· Engineering and implementation adaptations are required depending on the deployment scenario. In particular, the ECC report [1] comments that from implementation point of view synchronization algorithms as well as the maximum aircraft station’s TX power are to be modified compared to terrestrial mobile radio usage in order to cope with high Doppler frequency shift caused by aircraft speed and large cell sizes. In addition, some network management adaptations might be needed. From engineering perspective the Ground base station antenna adjustment has to be matched to cover typical aircraft heights above ground between 3 and 12 km by up-tilt of vertical diagrams. It is also expected that the inter-site distances would be dominated by the maximum and minimum altitudes that need to be supported [5].
· A2G technology using legacy LTE has been studied and successfully trialed covering different kinds of services: Surfing, downloading, e-mail transmission, use of Skype video, audio applications and Video conferencing. Related results can be found in several documents from ECC and from companies [1], [2], [3]. The trials in [1] and [2] assumed in general a dedicated spectrum, and the fact that the communications in the aircraft cabin are using WIFI or GSMOBA standards, while LTE is used for the Broadband Direct-Air-to-Ground connection between the Aircraft station and the Ground base station.
· It is understood that it is possible to operate A2G communications over spectrum that is shared with other ground communications. However, due to interference it is expected that the ground communications would suffer from capacity losses depending on the deployment scenario. Therefore, it is recommended to operate A2G communication over a dedicated spectrum. On the other hand ETSI studies concluded that Spectrum above 6 GHz is not appropriate for such an applications [4]. 
Proposal :
Based on the above elements we propose to issue an open letter from 3GPP RAN in RAN#67 to officially answer to the questions asked by the French Ministry of Interior and the UK Home office on the feasibility of A2G communications.
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