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Introduction
The RAN#71 meeting outlined an Energy Efficiency-related task (referred to as “[RAN#71-07] Air-to-ground communication” by the RAN Chairman) to be discussed and further clarified over 3GPP email reflector until TSG RAN#72:
[RAN#71-07] Air-to-ground communication (Orange)
- Clarify use cases, deployment scenarios and corresponding requirements for air-to-ground communications
We propose to take as a starting point for this discussion the text proposal presented in RAN#71 in [RP-160565] co-sourced by Orange, Telstra, Sprint, SouthernLINC, C Spire, Rogers Communications, Telus, Telefonica, ZTE, Telecom Italia, IAESI, Telenor, China Unicom and the U.S. Department of Commerce.
Companies are invited to provide their views on this draft text proposal and propose revisions or additional input so that we can submit a consolidated text proposal to TR38.913 with broader support to June RAN plenary.
2 Summary of the discussion

	Company
	Views

	SHARPLABS
	I think we need to reconsider the value of 12km as the max altitude used by the extreme rural Air to Ground deployment scenario. A quick search of both Airbus (A380 and A350) and Boeing (747, 777, 787) commercial airline products show that they are certified up to 13.1km. Moreover, many corporate jets are certified up to 15km. If we are to encompass the flight regimes for the current generation of corporate and commercial jet aircraft, a max altitude of at least 15k is required. 
Also, I have provided a small text change to the first sentence of 6.1.L for the purposes of clarity. Please see attached.

	ZTE
	In the description of the use case, it is said that: The key characteristics of this scenario are upward pointed Macro cells with very large area coverage supporting basic date and voice services, with moderate user throughput and low user density that are optimized for high altitude users that may be travelling at high speeds. 
How to understand the "low user density"?  Just checked the size and passengers capacity of Airbus380-800 and Boeing747-4, the average occupied area per passenger in aircraft is no more than 1m2. That means in commercial aircraft, 500 passengers in 0.5km2 is a normal case. So, it is not indeed a low user density use case. 
May I suggest to simply remove " and low user density" in the description?

	DT
	In case of commercial aircraft, there will be equipment in the plane which acts as aggregation point. 
So even in an Airbus A380 or Boeing 747 there is from the system point of view quite likely only a single user in the plane (which is the aggregation equipment – might be split into multiple for redundancy reasons, but it is NOT 500 individual communication links from the plane to the 5G system). So the link from the ground to the plane shall be considered as a kind of “backhaul” ..
@Fatima: could you kindly update accordingly to make this clear ?

	ZTE
	Dear Axel and all, 
Yes, I agree with you that one of possible that to support the use case is like your description, it is likely one single "big user" in the aircraft but at the same time the requirement of "user throughput" will not be "moderate", right? 
And it is one kind of solution to support the air-to-ground communication, do we need to limit to it at the requirement phase? 
In my understanding, the use case description and deployment table only need to describe the typical attributes but not touch or limit how to support it. 

	Sprint
	As a general aviation pilot I understand what the scenario really is about. It is not about making phone calls from large commercial jet liners that are flying at 10km. This is about smaller aircraft that are operating much lower in the sky usually below 10,000feet MSL and do not contain aggregation points as you see in large commercial aircraft. With up to 6 passengers, more than likely really only 4 passengers 
This use case originated with Telstra in Australia but could also have a place in the US where there is also a vibrant general aviation community, I know, I am part of it. In the US 800MHz cellular is prohibited in aircraft, but that is regulatory artifact. No such prohibition reside in any other bands. The decision to operate a phone is left to the aircraft pilot. Be that as it may, I think we should focus the use case on altitudes of 3km (10,000ft)  or less, speed of the aircraft to be under 370kmh (200knots).

	SHARPLABS
	If the target use case is indeed for "General Aviation", then I agree with Scott that reducing the requirements to align with a more realistic flight regime used by light general aviation aircraft is the correct thing to do (i.e. 3km and 370kmh). 
However, it is not clear to me that this is the situation given the original requirements (i.e. 12km and 1000kmh), which significantly exceed the flight regime of general aviation aircraft.  Additionally, airlines already deploy in-flight mobile connectivity systems on their aircraft which utilize an onboard aggregation point (AP or pico cell) and backhaul to satellite as relay to ground stations for access to the terrestrial network (e.g. AeroMobile and OnAir), thus the market for such a service is evident. And as noted in the thread below, there appears to be an expectation for airline service via onboard aggregation point and Air-to-Ground backhaul. 
If we are to support backhaul link(s) for airline Air-to-Ground Communications service, then the requirements should encompass the maximum flight regimes of those aircraft. As for services for general aviation, the original requirements do not preclude it, but they are not optimal either.
It may be that given the fundamental difference between commercial and general aviation flight regimes (altitude, speed and load factor), there is a need for separate requirements in Extreme rural for Air to Ground.

	Orange
	Thank you for the vivid discussion. 
I agree with you that we need to clarify that we have 2 completely different deployment scenarios here:
1.	General aviation: If we go back in time to when we have started this discussion (Tdoc RPa160046: Telstra, Sprint, Orange, Telefónica, AT&T, Telus, Rogers, C-Spire, SouthernLINC, Bell Mobility) in Barcelona RAN-adhoc meeting(Jan.16), the initial A2G requirement was focused on “light aircraft communications.  i.e. 3km and 370kmh with helicopters or small aircrafts with a limited number of users (<6passengers).
2.	Commercial aviation: Then during the debate in Barcelona several companies raised interest in covering the commercial aviation use case with higher altitudes, higher speed, higher density of users, relay/aggregator onboard of the aircraft, etc
Although the initial target from companies that made the proposal in Barcelona was the general aviation, I think both use cases are valid but require definition of 2 different scenarios. I can of course do the effort of drafting 2 different proposals but I would like first to ask all interested companies to send me an email mentioning which one of these scenarios (General or commercial aviation) they are interested in and willing to support/co-sign.
This would give us an idea about the probability for the related scenario to be approved at the plenary (if large support)

	Ericsson
	We are interested in both cases. It appears that the requirements from the commercial use are stricter: longer range, higher speed, and higher datarates, so maybe sufficient to look at this?
We also think that it would be good if this scenario could be included as one of the long range / extreme coverage cases, and evaluated in a similar way.

	III
	III​ is interested in commercial aviation scenario​ and willing to co-sign this proposal

	Vodafone
	I am sure we can find a way of serving some UEs from one site in free space at a reasonable distance from the aircraft. But to us the more challenging part is related to the deployment scenario, more specifically avoiding interference between sites.. particularly if access from something like IDLE mode is considered and we have aircraft at different heights seeing different numbers of cells.
I am not sure that we need to do a full system level analysis, but at least it would be good to ensure that during the design we consider multi-cell deployments, and consider how we are really going to make it work in such an environment.
I hope this can be taken into account… it is the 3rd or 4th time I have raised this point

	Orange
	Thanks Tim. Your comment was included in my summary of the related discussion during last plenary. I remember also having asked you to make a concrete proposal on how to include your remark in the proposed text and scenario definition? This would be helpful



3 Way forward to be approved
It is proposed to define and evaluate the two following deployment scenarios:
1. Commercial aviation a.k.a. Commercial Air-to-Ground communications: with the following characteristics
0. Altitude up to [15 km] 
0. Speed up to [1000 kmh] 
0. An aggregation point (e.g. relay), is likely placed in the aircraft. But it might be useful to study also the case with Macro only.
0. Density of users is  [TBD]
0. (end) user experienced data rate: [384kbps?] DL. 
1. General aviation a.k.a. Light aircraft communications for helicopters or small aircrafts: with the following characteristics
1. Altitude up to [3km] 
1. Speed up to [370kmh] 
1. limited number of users per aircraft: up to [6 ] passengers
1. Direct communication between the Base station and the UE. No aggregation point is placed in the aircraft
1. User Experienced Data Rate: [384] kbps
The attributes of both scenarios are proposed for in the text proposal below:

4 Text Proposal for TR38.913
-------------------------------------------------- BEGIN TEXT PROPOSAL ----------------------------------------------------------
6.1.L	Commercial Air to Ground scenario  
The commercial Air to Ground deployment scenario is defined to allow for the provision of services for commercial aircraft to enable both humans and machines aboard the aircraft to initiate and receive mobile services. It is not for the establishment of airborne based base stations.
 The key characteristics of this scenario are upward pointed Macro cells with very large area coverage supporting basic data and voice services, with moderate user throughput that are optimized for high altitude users that are travelling at very high speeds. The commercial airlines aircrafts are likely equipped with an aggregation point (e.g.Relay)
Some of the characteristics of this deployment scenario are listed below
Table 6.1.6-L: Attributes for commercial Air to Ground Scenario
	Attributes
	Values or assumptions

	Carrier Frequency
	Macro only: Below [4 ]GHz
Macro + relay: for BS to relay: Below [4] GHz, for relay to UE: [TBD] GHz

	System Bandwidth
	[40] MHz (DL+UL)

	Layout
	Option 1: Macro only
Option 2: Macro + relay nodes (NOTE1)

	Cell range
	Macro cell: [100] km range to be evaluated through system level simulations. Feasibility of Higher Range shall be evaluated through Link level evaluation.
Relay: up to [80] m

	User density and UE speed
	User density per Macro: NOTE2
UE speed: Up to [1000] km/h
Altitude: Up to [15] km

	Traffic model
	Average data throughput at busy hours/user: [TBD] kbps
User experienced data rate: [384kbps] DL. NOTE3


 
NOTE1: BS to relay link should be the priority for study compared to relay to UE link.
NOTE2: Evaluate how many users can be served per cell site when the range edge users are serviced with the target user experience data rate.
NOTE3: Target values for UL are lower than DL, 1/3 of DL is desirable.

6.1.M	Light aircraft scenario 
The light aircraft scenario is defined to allow for the provision of services for general aviation aircrafts to enable both humans and machines aboard helicopters and small air plans to initiate and receive mobile services. It is not for the establishment of airborne based base stations. 
The key characteristics of this scenario are upward pointed Macro cells with very large area coverage supporting basic data and voice services, with moderate user throughput and low user density that are optimized for moderate altitude users that might be traveling at high speeds. The general regime aviation aircrafts are not equipped with relays.
Some of the characteristics of this deployment scenario are listed below
Table 6.1.6-M: Attributes for Light aircraft Scenario
	Attributes
	Values or assumptions

	Carrier Frequency
	Macro only: Below [4 ]GHz

	System Bandwidth
	[40] MHz (DL+UL)

	Layout
	Single layer: Macro cell

	Cell range
	 [100] km range to be evaluated through system level simulations. Feasibility of Higher Range shall be evaluated through Link level evaluation.

	User density and UE speed
	User density per aircraft: up to [6] users
UE speed: Up to [370] km/h
Altitude: Up to [3] km

	Traffic model
	Average data throughput at busy hours/user: [TBD] kbps
User experienced data rate: [384kbps] DL. NOTE1


 
NOTE1: Target values for UL are lower than DL, 1/3 of DL is desirable.
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