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Introduction
In RAN#95-e the WID for Air-to-Ground was agreed. The work item is a RAN4-exclusive work item and the latest WID can be seen below [1]. Furthermore, the work is captured in 38.876 [2].  
	The core part of this work item includes
· Specify features to core specifications for ATG BS and UE [RAN4]
· Scenario: 
· BS on the ground, and the CPE type of UE mounted in the aircraft
· A direct radio link between BS on the ground and CPE type of UE mounted in the aircraft
· Note: The deployment characteristics described in the justification section shall be taken as a basis for the technical discussion.
· Specify core requirements for coexistence between ATG and IMT terrestrial network
· Example bands include n1, n78 and n79.
· Perform FR1 co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Identify key characteristics where it is necessary to differentiate ATG ground-based BS and UEs from conventional ground based BS and UEs
· Aim to reuse existing requirements for BS and UE where possible, e.g.,
· Reuse TN BS requirements for ATG BS
· Specify RF requirements for ATG UE/BS
· Considering the results of co-existence simulations in terms of impact on emissions and RX requirements, cell sizes and link budgets, technology capabilities, likely BS and UE architectures and other relevant aspects.
· Taking into account identified differences between ATG and fully ground based systems
· Consider BS type 1-C/1-H/1-O and specify the requirements
· Consider conductive requirements for UE
· Specify RRM core requirements for ATG UE 
· Taking into account identified differences between ATG and fully ground based systems
· Considering the different nature of ATG UEs and their view of the network, increased cell sizes and other relevant aspects
· Specify new UE/BS type(s) for ATG network if necessary




In this contribution we discuss the LSes received from RAN4 ATG, the applicability of NTN SIB19 for ATG and location-based aspects. 
Discussion
ATG background
An Air-To-Ground network refers to a network providing connectivity to aircraft in the sky from the ground. This is done via having ground-based cell towers, so-called Air-to-ground base stations (ATG BS) that sends signals up to an aircraft’s antenna of an onboard Air-to-ground terminal (ATG UE). Some of the challenges and characteristics in an Air-to-Ground network are the following: 
· Extremely large inter-site distance and large coverage range. As the number of aircraft are significantly less than handheld UEs, an ATG BS in a cost-effective ATG network may require up to 300 km cell coverage range. 
· Utilizing non-disjoint frequency for deploying both ATG and terrestrial networks. There is an interest in deploying both ATG and terrestrial networks to save frequency resources. But the interference between ATG and terrestrial networks may become non-negligible.
· More powerful on-board ATG UE. On-board ATG terminals may be much more powerful than a normal terrestrial UE, with higher EIRP due to higher transmission power and larger antenna gains. 
In the RAN4 work item, the following aspects are addressed: 
· Extremely large cell coverage range (up to 300km) and UE speed (up 1200 km/h)
· Coexistence requirements between ATG and terrestrial network
· ATG BS/UE core and performance requirement

New SIB contents
In the last meeting, it was agreed that a new SIB would be introduced for Air-To-Ground communications: 
RAN2 assumes that a new SIB would be defined for ATG, can be revisited if there are reasons, after more progress
For ATG access, the SIB includes location information, FFS if using the format as defined in SIB19, FFS using the same format defined in NTN-Config-r17.
Include 1 bit of information in the SIB to indicate whether the UE applies Set 1 (Rel-17 HST) cell reselection requirements or Set 2 (Rel-15 NR) cell reselection requirements for inter-frequency cell reselection. 

Among some of the companies, it is proposed to introduce a reference location similar to the RRC field referenceLocation-r17 introduced in NTN. However, the issue with the referenceLocation-r17 is that it according to 37.355 only has a longitude and latitude component. Since this does not have a height component it will give some serious limitations. 23.032 specifies that the Ellipsoid Point specifies that it gives the location on the earth’s surface [23.032]: 
In practice, such a description can be used to refer to a point on Earth's surface, or close to Earth's surface, with the same longitude and latitude. No provision is made in this version of the standard to give the height of a point.
Thus the above maybe considered to be at a height above the sea level. The reason why this is crucial is that this new reference location would be needed for synchronization purposes, as opposed to the NTN usage of the referenceLocation-r17 which is only used for cell reselection purposes. Without the height-component, in our understanding the error of the position in height would equal the base station locations height above the sea level. Considering a typical flight altitude at 10 km above the sea level, the error compared with the true base station location is: 

If  and , then  approaches 0. From this it can be seen that the largest error occurs if an ATG UE is straight above the base station location, since the error is . At this point the error is z, which is the base station location above sea level. At a height of 2000 m above sea level, which is not uncommon in many populated areas in Europe, and areas where airplane routes are directed, then the error in time is 2000m/c = 6.66 us. This is already larger than the cyclic prefix duration for all SCS. (CP duration is 4.69, 2.34, 1.17, 0.57, 0.29 us for 15, 30, 60, 120, 240 kHz SCS). Thus in order for self-pre-compensation based on UE location and ATG BS location to function, the height component is crucial. 
Observation 1: Height-component of ATG BS location is crucial to allow for autonomous TA pre-compensation. 
Another location type defined in 37.355 that includes the height is EllipsoidPointWithAltitude: 
–				EllipsoidPointWithAltitude
The IE EllipsoidPointWithAltitude is used to describe a geographic shape as defined in TS 23.032 [15].
-- ASN1START

EllipsoidPointWithAltitude ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607),	-- 24 bit field
	altitudeDirection			ENUMERATED {height, depth},
	altitude					INTEGER (0..32767)				-- 15 bit field
}

-- ASN1STOP

Thus our proposal is the following: 
Proposal 1: Include height-component in the ATG base station location. 
Proposal 2: Introduce EllipsoidPointWithAltitude as the base station location in the new ATG SIB. 
In order to measure neighbouring cells in NTN, the SIB19 also includes the neighbour cell ephemeris. We assume that neighbour cell measurements are important in an ATG network too. We propose that RAN2 either confirms this understanding in RAN2 or sends an LS to RAN4 asking whether neighbour cell location information is needed for neighbour cell measurement purposes. 
Proposal 3: RAN2 to either confirm that neighbour cell location info is needed in ATG for RRM, or send a LS to RAN4 asking to confirm this understanding. 

NTN features in ATG
RAN2 further need to discuss what features from NTN that ATG can inherit. For some of these features, RAN2 can likely make the decision, while for some features it would involve other working groups. Due to no TUs, involving other WIs should be avoided. 
As a start for a list of features that would be useful: 
· TA Report, this is already discussed in LS
· Location-based idle/inactive mode measurement-initiation
· Coarse location reporting
· Event D1
· CHO: 
· Event A4, 
· Location-based CHO
· Time-based CHO
Some features that are likely not needed: 
· Polarization signaling (RAN1/4 would need to make the final decision)
· Time-based idle/inactive mode measurement-initiation (using t-Service)

Proposal 4: RAN2 to clarify NTN features ATG can inherit. As a baseline the following NTN features can be inherited by ATG:
· TA Report
· Location-based idle/inactive mode measurement-initiation
· Coarse location reporting
· Event D1
· CHO NTN features: 
· Event A4
· Location-based CHO (CHO based on T1)
· Time-based CHO

For the features that ATG can inherit from NTN, we believe that the UE capabilities may be reused for ATG. 
Proposal 5: For the inherited NTN features, reuse NTN capabilities. 
ATG-adaptation of NTN features
Some of the NTN features are clearly advantageous to use in a ATG network owing to similar deployment characteristics. However, to fully utilize these features there may still need to be some adaptations. 
In NTN, the location is used/reported in the following manners [3]: 
· Location-based measurement and CHO triggering
· Location-based idle/inactive mode measurement-initiation
· Coarse location reporting, used for network to determine virtual cell ID and tracking area
For location-based measurement and CHO triggering, the location is encoded using the ReferenceLocation-r17, which as explained above does not contain the height-component. For synchronization, this is a severe problem that may result in ATG UE inability to synchronize. For the examples of how the location is used above, not including the height does not result in system failure (as they are optional features), but rather limits their usefulness. 
To allow these features to be useful we suggest that location-based NTN features that are adapted to ATG include the height of the location in addition to the Rel-17 referenceLocation-r17. 
Proposal 6: Include height-component in location-based NTN features for ATG: 
· Coarse location reporting
· Location-based measurement initiation
· Event D1 and CHO triggering based on D1

ATG BS location privacy
One issue that was discussed both in RAN2 and RAN4 is the broadcasting of the base station position. In a satellite network, this is inevitable as the satellite moves and the position is needed for synchronization. However, in a terrestrial network the base station is stationary and thus its position is more sensitive to broadcast. It was for instance not agreed to broadcast the NTN Gateway, which would have been one option instead of providing the TA-Common. In RAN4 the ATG BS location privacy was also discussed and the following agreement was taken [4]: 
· Agreement:
· Base station is allowed to not provide the exact base station location
· FFS on BS location accuracy
· Note: Nokia will provide the BS accuracy table with different PRACH formats this week.
· Do not specify the BS location accuracy in RAN4 specs.
· Capture the BS location accuracy in reply LS to assist RAN2 signaling design.
One option to strike a balance between ATG base station location privacy and ability to synchronize is to enable position to be broadcasted with lower accuracy which can then be made more precise when the UE is RRC connected mode and when AS security is established. When the UE synchronizes, the precision will be lower and there will be a hit to performance, but the ATG BS location accuracy is good enough to enable stable communications. When the UE is in connected mode and AS security is established then the ATG UE can be updated with the higher accuracy base station location. This is also reasonable as user plane transmissions are not started before AS security is established, where the more accurate synchronization would be required to enable high performance communication. The high performance communication is likely required for many of the use cases, such as to backhaul passenger traffic on an airliner. 
Proposal 7: Allow for lower precision base station position broadcasted in SIB19 that can be updated with higher accuracy in connected mode when AS security has been established. 

Conclusion
In this contribution we discussed issues related to ATG. 
Observation 1: Height-component of ATG BS location is crucial to allow for autonomous TA pre-compensation. 

Proposal 1: Include height-component in the ATG base station location. 
Proposal 2: Introduce EllipsoidPointWithAltitude as the base station location in the new ATG SIB. 
Proposal 3: RAN2 to either confirm that neighbour cell location info is needed in ATG for RRM, or send a LS to RAN4 asking to confirm this understanding. 
Proposal 4: RAN2 to clarify NTN features ATG can inherit. As a baseline the following NTN features can be inherited by ATG:
· TA Report
· Location-based idle/inactive mode measurement-initiation
· Coarse location reporting
· Event D1
· CHO NTN features: 
· Event A4
· Location-based CHO (CHO based on T1)
· Time-based CHO
Proposal 5: For the inherited NTN features, reuse NTN capabilities. 
Proposal 6: Include height-component in location-based NTN features for ATG: 
· Coarse location reporting
· Location-based measurement initiation
· Event D1 and CHO triggering based on D1
Proposal 7: Allow for lower precision base station position broadcasted in SIB19 that can be updated with higher accuracy in connected mode when AS security has been established. 
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