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the material is based on input contributions provided to ECC PT1 #66, has been discussed but no agreement has been reached on the material and further work is required
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This ECC Report considers technical studies on making the usage of the Network Control Unit (NCU) optional on board MCA enabled aircraft and identify whether and under what conditions and MCA configuration without an NCU is sufficient to guarantee reasonable[footnoteRef:2] protection against interference and signalling issues to and from terrestrial wireless telecommunication systems. [2:  The term “reasonable” must be seen in light of real-life operations taking account of the fleet mic (MCA and non-MCA equipped aircraft, and number of mobile terminals which remain operational in non-MCA equipped aircraft, etc.] 

[Tbd]
[bookmark: _Toc48663174][bookmark: _Toc50468288]Background
The existing regulatory framework consists of a connectivity part (1800 MHz for GSM & LTE and 2100 MHz for UMTS) and an optional NCU part which ensures that mobile service ground networks in various frequency bands (currently 450 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz and 2600 MHz) are not visible to User Equipment onboard the aircraft. Under the existing framework an NCU is a mandatory requirement to protect terrestrial UMTS networks where the aircraft fuselage RF shielding is insufficient to attenuate UMTS signals entering and leaving the fuselage to the extent that the potential for RF interference is reduced to acceptable levels. Both connectivity and NCU elements of the system aspects facilitate the coexistence with mobile communications networks on the ground. 
[bookmark: _Toc48663177][bookmark: _Toc50468289]Requirement for the NCU
[Tbd]
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LIST OF ABBREVIATIONS

	Abbreviation
	Explanation 

	3GPP
	3rd Generation Partnership Project

	ac-Node B/BTS
	Aircraft base station

	ac-UE/MS
	Mobile terminal onboard an aircraft

	BS
	Base Station

	CEPT
	European Conference of Postal and Telecommunications Administrations 

	CPICH
	Common Pilot Channel

	DCH
	Dedicated Channel

	DRX
	Discontinuous Reception

	EASA
	European Aviation Safety Agency

	EC
	European Commission

	ECC
	Electronic Communications Committee

	e.i.r.p.
	equivalent isotropic radiated power

	g-Node B/BTS
	Ground base station

	GSMA
	GSM Association

	g-UE/MS
	Ground mobile terminal

	GSM
	Global System for Mobile communication

	HPLMN
	Home Public Land Mobile Network

	ITU-R
	International Telecommunication Union – Radiocommunication sector

	LTE
	Long Term Evolution

	MCA
	Mobile Communication services on board Aircraft

	MCL
	Minimum Coupling Loss

	MNO
	Mobile Network Operator

	NCU
	Network Control Unit

	PED
	Personal Electronic Device

	PSC
	Primary Scrambling Code

	RACH
	Random Access Channel

	RF
	Radio Frequency

	RSCP
	Received Signal Code Power

	SIM
	Subscriber Identification Module

	SINR
	Signal to Inference plus Noise Ratio

	TAC
	Type Allocation Code

	UE
	User Equipment

	UMTS
	Universal Mobile Telecommunications System

	WCDMA
	Wideband Code Division Multiple Access


[bookmark: _Toc380056497][bookmark: _Toc380059748][bookmark: _Toc380059785][bookmark: _Toc396153636][bookmark: _Toc396383863][bookmark: _Toc396917296][bookmark: _Toc396917345][bookmark: _Toc396917407][bookmark: _Toc396917460][bookmark: _Toc396917627][bookmark: _Toc396917642][bookmark: _Toc396917747][bookmark: _Toc50468291]Introduction
An MCA system is composed of two pieces of equipment: one or more base stations and a Network Control Unit (NCU). The NCU is designed to ensure that signals transmitted by ground-based mobile systems are not detectable by the User Equipment within the aircraft cabin and so that user terminals can only register to the onboard base station which will set the transmit power level of the device according to the relevant MCA framework. The following CEPT and ECC reports address the technical compatibility and requirements: 
ECC report 093 (October 2006) and CEPT Report 16 (March 2007) has provided the CEPT investigation on the operation of the MCA system at a height of at least 3000 m above ground level in the 1800 MHz frequency band (1710- 1785 MHz for uplink (terminal transmit, base station receive) / 1805-1880 MHz for downlink (base station transmit, terminal receive)). This report led to the adoption of the EC Decision 2008/294/EC.
ECC report 187 (February 2013) and CEPT Report 48 (March 2013) has provided new investigations on the technical impact on ground-based public network of introducing a new mobile communication service onboard aircraft based on UMTS or LTE technologies operating at height of at least 3000 metres above ground in the 1800 MHz frequency band (1710-1785 MHz for the uplink and 1805-1880 MHz for the downlink) and in the 2100 MHz frequency band (1920-1980 MHz for uplink and 2110-2170 MHz for downlink) for UMTS. This report was followed by the adoption of the EC Decision 2013/654/EC.
CEPT Report 63 (November 2018) has provided CEPT investigation on the possibility of making the NCU optional on MCA enabled aircraft. This report was followed by the adoption of EC Decision 2016/2317/EC. 
The existing regulatory framework consists of a connectivity part (1800 MHz for GSM & LTE and 2100 MHz for UMTS) and an optional NCU part which ensures that UMTS ground networks in the 900 MHz and 2100 MHz bands are not visible to User Equipment onboard the aircraft. CEPT Report 063 concluded that an NCU was not required for the protection of GSM, LTE and 5G ground networks. Under the existing framework an NCU is a mandatory requirement to protect terrestrial UMTS networks where the aircraft fuselage RF shielding is insufficient to attenuate UMTS signals entering and leaving the fuselage to the extent that the potential for RF interference is reduced to acceptable levels. 
The Report assesses the possibility of having optional requirement for an NCU in MCA operations

[bookmark: _Toc467483746][bookmark: _Toc48663183][bookmark: _Toc50468292][bookmark: _Toc380056499][bookmark: _Toc380059750][bookmark: _Toc380059787][bookmark: _Toc396153638][bookmark: _Toc396383865][bookmark: _Toc396917298][bookmark: _Toc396917347][bookmark: _Toc396917409][bookmark: _Toc396917462][bookmark: _Toc396917629][bookmark: _Toc396917644][bookmark: _Toc396917749]Current regulatory framework
[bookmark: _Toc48663184][bookmark: _Toc50468293] MCA Connectivity Bands
The current regulatory framework allows for MCA connectivity operations in the frequency bands identified in Table 1.
Table 1: Current MCA Bands
	Mobile Technology
	Uplink Frequency Band
	Downlink Frequency Band

	GSM (GSM1800)
	1710 – 1785 MHz
	1805 – 1880 MHz

	UMTS (UMTS2100)
	1920 – 1980 MHz
	2110 – 2170 MHz

	LTE (LTE1800)
	1710 – 1785 MHz
	1805 – 1880 MHz


[bookmark: _Toc48663185][bookmark: _Toc50468294][bookmark: _Toc467483749]MCA NCU Bands
Ac-UE terminals receiving within the frequency bands listed in Table 2 above must be prevented from attempting to register with UMTS mobile networks on the ground:
by the inclusion, in the MCA system, of a Network Control Unit (NCU), which raises the noise floor inside the cabin in the mobile bands, and/or
by aircraft fuselage shielding to further attenuate the signal entering and leaving the fuselage.
Table 2 lists the frequency bands operated by the MCA NCU to remove, where needed, visibility of the ground-based UMTS network, whilst the power level of the NCU is sufficiently low to avoid interference to these networks.
Table 2: NCU Bands
	NCU Frequency Bands

	925 - 960 MHz

	2100 – 2170 MHz



[bookmark: _Toc48663197][bookmark: _Toc50468295]requirement for NCU
[bookmark: _Toc48663198][bookmark: _Toc50468296]Evolution of UMTS Networks in Europe 
UMTS, first launched in 2001, was developed by 3GPP to meet the needs for increased mobile bandwidth, global compatibility, and multimedia services. In 2012, the first 4G/LTE networks in Europe were deployed. 4G networks, also developed by 3GPP, were designed to provide faster download/ upload speed and lower latency compared to UMTS networks. More recently 5G networks have been developed that will provide an improved performance in mobile bandwidth, download speeds and latency compared to 4G. As a result of this evolution in mobile technology, Mobile Network Operators (MNOs) are increasingly announcing their intention to shut down their 3G networks within 5 years in order to re-farm the band to 4G. For example, both Vodafone and Deutsche Telekom have announced that their 3G services will be switched off throughout Europe between 2020 and 2021, whilst some Norwegian MNOs have already started this process.
GSMA, the global trade body that represents MNOs, provides projections of the usage of different mobile network technologies up to the end of 2025. This data factors in the increased proliferation of 5G networks and the projected decline in the usage of 2G and 3G networks. The following information details these projections within each different European region as categorised by GSMA. A breakdown of the countries that constitute each region is available in Annex 2.
[bookmark: _Toc50468297]Regional Trends
[bookmark: _Toc50468298]Northern Europe

Figure 1: Northern Europe - Percentage of Connections per Mobile Technology
Today, throughout Northern Europe, 3G connections account for less than 20% of the total number of mobile connections, owing to the prevalence of availability of 4G services. 3G connections are projected to decline further to 2025 – initially due to the increasing penetration of 4G, but after 2021 also due to the deployment of 5G. By 2025, 3G connections in Northern Europe are expected to account for only 2.3% of the total.
[bookmark: _Toc50468299]Western Europe

Figure 2: Western Europe - Percentage of Connections per Mobile Technology
Across the region, at present day, 3G connections account for 33% of the total number of mobile connections. However, the 4G market in this region is expected to advance quickly over the next several years, peaking at 78% of the total connections in 2022. This, along with the deployment of 5G services after 2021, means that 3G connections are projected to decline to make up only 4.7% of the total by 2025. 
[bookmark: _Toc50468300]Eastern Europe

Figure 3: Eastern Europe - Percentage of Connections per Mobile Technology
In Eastern Europe 3G is still the most prevalent mobile technology in terms of total number of connections, at 42.1% of the total. 4G connections are projected to steadily increase over the next six years, consisting of over 70% of the total by 2025. 3G connections are projected to decline at a similar rate to the other European regions, but due to the higher starting point they are still projected to account for 15.7% of the total in 2025
[bookmark: _Toc50468301]Southern Europe

Figure 4: Southern Europe - Percentage of Connections per Mobile Technology
Projections for the mobile market in Southern Europe are very similar to those of Western Europe. Currently, 3G connections account for just over 1/3 of the total. This is projected to decline steadily due to the increasing penetration of 4G and, after 2021, 5G services. By 2025, 3G services are projected to account for 11.9% of the total number of mobile connections. 
[bookmark: _Toc50468302]Summary
[There is a clear trend, across all the European regions, that the proportion of 3G mobile connections is declining. Across Europe as a whole, the projected proportion of 3G mobile connections in 2025 is 10.2%. In the advanced mobile markets of Northern Europe, this number is only 2.3%.
For example, in Norway, both major Mobile Network Operators, Telenor and Telia, which between them account for about 90% of the Norwegian mobile market, are currently in the process of shutting down their 3G networks. According to GSMA, only 11.5% of the mobile connections in Norway today are 3G. 
Between 2024 and 2025, the proportion of 3G connections is expected to continue declining across all of Europe. This data is tending towards 0%. 
The analysis demonstrates that the overall trend in the declining number of UMTS networks is similar across all member states of the CEPT. This trend, when considered alongside behavioural and technical analysis presented in other contributions to this meeting, makes the requirement for an NCU as an integral component of MCA systems, removes the necessity for an NCU as an integral component of MCA systems.]
[bookmark: _Toc48663204][bookmark: _Toc50468303]Pilot Pollution
[bookmark: _Toc50468304]W-CDMA Principles
Cellular networks are deployed in such way to ensure coverage of a specific geographic area with a minimum Quality of Service. UMTS network topology planning begins with coverage predictions of individual and overlapping cells. Once concluded, code planning is undertaken for assigning each base station with its unique scrambling code. 
Each base station transmits a pilot code over the primary common pilot channel (P-CPICH) allowing the identification of the different base stations by the user equipment (UE). The pilot code is a pseudo-random sequence of chips and is used for power control, transmission, channel estimation, measurements of adjacent cells, channel selection, reselection and process of soft-handover and obtaining the scrambling code. The pilot channel is an important parameter in the radio network planning and optimization. The CPICH is transmitted at a constant power level by all the base stations and its power level is a configurable by the operator. Typically, 5-10% of the total base station power is reserved for CPICH. 
Upon power-on a UE selects the cell to camp on – both on idle or connected mode- by choosing the best CPICH signal. The UE also periodically searches for a better cell, following the cell reselection criteria. Hence, mobile network operators (MNOs) deploy their network in such way that the UEs receive clear CPICH signal in a given area, without receiving unnecessary CIPH signals. From other base stations.
A careful choice on the CPICH power level must be made during the deployment phase. By increasing or decreasing the CPICH power, the cell coverage area will either be wider or smaller. However, there is a balance to be made
A lower CPICH power may create uncovered areas where the CPICH power is too weak for the UE to decode the signal, so network access is impossible. A good balance between CPICH and DCH power allocation needs to be done. 
On the other hand, a high-power level on the CPICH would mean less power available for the DCH leading to a reduction of the system capacity. It could also create interference called “pilot pollution” to the neighbouring cells. To overcome such pilot pollution, the MNO optimizes its networks by using a number of techniques, including: downtilting the antenna and adjusting the common pilot channel power of the base stations. 
Pilot pollution is an issue that needs to be solved by MNOs when deploying their network. When there are several pilot channels available in a given area, the UE is unable to choose a preferred one. In addition, in case of soft-handover, the CIPH selection algorithm may also unable to identify the preferred CIPH channel if severable are available. To avoid pilot pollution, the cell dominance area should not be covered by unnecessary P-CPICH signals, although it may be not straight-forward due to non-homogenous propagation environment and due to network requirement (coverage overlap). Reduction of pilot pollution can be achieved by decreasing the pilot power level or by downtilting the antenna. 
The quality and the signal strength of the pilot channel is measured as Ec/Io. In the event the UE detects two CPICH with similar levels, the UE will enter into soft-handover in order to maintain the link with the network.
Figure 5 shows an overview of the pilot pollution definition. The maximum active set size is six (3GPP TR 25.133). In case that more than six pilot channels are within the threshold range (i.e. the highest CPICH signal – margin), the additional channel(s) will be considered as pilot pollution. 
[image: ]
Figure 5: Excessive Number of Pilot Channels Competing for the Active Set
[bookmark: _Toc50468305]Pilot Pollution in High-Rise Buildings
In a high rise building and in the event the network is not optimized, a UE will detect several CPICH signals which may come from distant cells which are not defined in the neighbour list. As a result, the UE will not be able to enter into soft handover. It will cause interference of the serving cell’s CPICH. A set of Node Bs that a UE is connected to or monitoring, is called active set. Typical maximal size of Active Set is three to six meaning that one user terminal could have simultaneous connections to three or six Node Bs. The other Node Bs would therefore be considered as interferer. 
A solution to overcome this issue is to make an indoor cell the dominating cell throughout the building, and therefore remove the pilot pollution.
[bookmark: _Toc50468306]Pilot Pollution on Aircraft
When a MNO deploys its ground-based UMTS network, signal reception within the aircraft is not considered and is not included as part of the MNOs regulatory obligations. Therefore, a UE onboard an aircraft will see several base stations whatever the altitude above ground of the aircraft. The signal that will be received by the onboard UE from each base station will have more or less identical power levels.
[bookmark: _Toc50468307]Analysis Related to the In-flight Communication Based on 3G
In this section, the power level received from the ground base station is calculated and the distribution for the various power level received by the onboard UE is provided.
This analysis is based on the above premise and uses the findings of "ANNEX 4: COMPREHENSIVE SINR MODELLING RESULTS" contained in CEPT Report 063. We consider only UMTS networks, as CEPT Report 063 reports that no NCU is necessary to shield ground-based network employing other technologies from UEs onboard aircraft.

A 2-tier network as depicted in Figure 6 is considered. 
[image: ]
Figure 6: 2-Tier Network
The location of the highest SINR is taken into consideration as the ratio between the highest power CPICH channel received from a ground base station and the other power of CPICH channels received from other base stations. For the two CEPT UMTS bands (900 and 2100 MHz) and for the various altitude of the aircraft, we analysed all CPICH channels received by the onboard UE to determine the potential extend of CPICH pilot pollution. The result of the analysis is presented in the charts below, illustrating the CPICH channel powers received by the onboard UE and their frequency. The charts also illustrate the number of pilot channels received by the onboard UE within a 5 dB window of the highest CPICH signal channel power. In the event that the number of pilot channels exceeds six, it can be concluded that there is a pilot pollution.
Note that the power level of the onboard base station is not considered in the following analysis. 
[bookmark: _Toc50468308]900 MHz UMTS Operation
3,000 Metres Above Ground Level
The highest SINR is at location X=1.95, Y=0 in Figure 6 where the resulting SINR at this point is 
-8.23 dB.
[image: ]
Figure 7: UE Received Power Levels: 900 MHz at 3000m
When considering the highest signal received by the onboard UE, it can see 10 pilot channels within a 5 dB window as shown in Figure 7.
6,000 Metres Above Ground Level
The highest SINR is at location X=3.9, Y=0 in Figure 6 where the resulting SINR at this point is 
-9.30 dB.
[image: ]
Figure 8: UE Received Power Levels: 900 MHz at 6000m
When considering the highest signal received by the onboard UE, it can see 8 pilot channels within a 5 dB window as shown in Figure 8.
10,000 Metres Above Ground Level
The highest SINR is at location X=6.5, Y=0 in Figure 6 where the resulting SINR at this point is 
-11.7 dB.
[image: ]
Figure 9: UE Received Power Levels: 900 MHz at 10000m
When considering the highest signal received by the onboard UE, it can see more than 15 pilot channels within a 5 dB window as shown in Figure 9.
[bookmark: _Toc50468309]2100 MHz UMTS Operation
3,000 Metres Above Ground Level
The highest SINR is at location X=-6.5, Y=0 in Figure 6 where the resulting SINR at this point is 
-11.21 dB.
[image: ]
Figure 10: UE Received Power Levels: 2100 MHz at 3000m
When considering the highest signal received by the onboard UE, it can see more than 15 pilot channels within a 5 dB window as shown in Figure 10.
6,000 Metres Above Ground Level
The highest SINR is at location X=-5.1, Y=0 in Figure 6 where the resulting SINR at this point is 
-14.1 dB.
[image: ]
Figure 11: UE Received Power Levels: 2100 MHz at 6000m
When considering the highest signal received by the onboard UE, it can see more than 15 pilot channels within a 5 dB window, as shown in Figure 11.
10,000 Metres Above Ground Level
The highest SINR is at location X=5.12, Y=0 in Figure 6 where the resulting SINR at this point is 
-14.1 dB.
[image: ]
Figure 12: UE Received Power Levels: 2100 MHz at 10000m
When considering the highest signal received by the onboard UE, it can see more than 15 pilot channels within a 5 dB window as shown in Figure 12.
[bookmark: _Toc50468310]Summary
[UMTS networks have been optimised for subscribers located on the ground. Deployment have been made by avoiding pilot pollution - This can be achieved via different mechanisms, antenna down-tilt, decrease of power – and by providing at the same time a good coverage and quality. In the case of equipped aircraft, the network is not optimized as it was not the purpose by the MNO to cover the sky.
An analysis was performed to obtain the range of the CPICH signals at a given point for which the SINR is the highest and its frequency.
Based on the analysis, it can be observed that there is no dominant signal received by the onboard UE from the ground base stations. More than 8 pilot channels are seen by the onboard UEs contained in a 5 dB window. This number exceeds the active set size and it can indicate that there is a pilot pollution.
It can, therefore, be concluded that an NCU is not required to shield ground-based UMTS networks from UE onboard aircraft.]
[bookmark: _Toc50468311]Handset Study
[bookmark: _Toc50468312]User Equipment on Aircraft Statistics
Aeromobile and SitaOnAir used data from the GSMA TAC database to compile statistics on the compatible mobile technologies of user handset data on board aircraft, using a typical three-month period from November 2019 to January 2020.
Table 1: Frequency Bands of User Handsets
	UE Mobile Access Technology Compatibility
	Aeromobile Users
	SitaOnAir Users

	Unkown
	0.0080%
	0.3177%

	GSM Only
	0.1068%
	0.1888%

	UMTS Only
	0.0021%
	0.0017%

	GSM & UMTS
	0.8736%
	0.9952%

	GSM & LTE
	0.0612%
	0.0583%

	UMTS & LTE
	0.1278%
	0.0194%

	GSM, UMTS, & LTE
	98.8197%
	98.4189%


It is important to note that for either operator the maximum percentage of UMTS only UEs observed was 0.0021% while the overwhelming majority, up to 98.8% of UEs had the ability to switch from UMTS to GSM or LTE connections. There is no reason to believe that the mix of different UEs observed would be any different on aircraft not equipped with an MCA system.
On aircraft with an MCA system, the UMTS only UEs would roam to the onboard UMTS network where roaming agreements were in place between the home operator and the MCA service provider.[ If this were not the case, these devices may attempt to connect to terrestrial UMTS networks. But due to the rarity of these devices - roughly one device for every 159 flights of a typical 300-capacity aircraft - and the other connection feasibility issues outlined elsewhere in this report, maintaining an NCU just for these devices would not be proportionate.]	Comment by Author: I'm not sure that this fully captures the issue raised by ATOS. They noted that CEPT report 63 concluded that UE onboard are shielded from GSM/LTE/5G networks and therefore all handsets onboard will try to connect to terrestrial UMTS networks where they are not connected to an MCA system.
For UEs enabled with a choice of connectivity technologies,[ it is apparent from CEPT Report 63 that because aircraft UEs are shielded from the terrestrial GSM, LTE, and 5G networks (by factors such as aircraft attenuation), these devices may also attempt to connect to the terrestrial UMTS network. However, before doing so, these devices will scan for available LTE networks (or 5G networks in the case of certain newer devices). The time take to do this is explained ]the cell selection process is described further below.
[bookmark: _Toc50468313]Typical Cell Selection Process
The standard factory setting on UEs For the Network Selection mode is “Automatic”. This means that the UE will undertake the cell selection process that was programmed into the device by the manufacturer. Users have the option of setting their device to “Manual” mode, where they can select which network to attempt to connect to, but in the vast majority of cases, user equipment is set to “Automatic” mode.
3GPP publishes standards that outline the network and cell selection process for each different mobile access technology[footnoteRef:3]. The exact algorithms dictating the automatic cell selection process are not defined by 3GPP and the precise process varies depending on the device or chipset manufacture. However, it is possible to outline a high-level process that is applicable to each mobile access technology.  [3:  The full cell selection process is detailed in the following standards:
GSM: 3GPP TS 43.022
UMTS: 3GPP TS 25.304
LTE: 3GPP TS 36.304
] 

When a device is first switched on, it will first attempt to connect to the previous network it was registered to. In the majority of cases, this will be the network that the user subscribes to in their home country, known as the “Home Public Land Mobile Network” (HPLMN). If it receives a signal of sufficient strength from this network, it will attempt to register onto it. If this registration is successful, it will then attempt to find a suitable cell within this network to “camp on to”. 
If the device cannot connect to the network it was previously registered on it will first search for “Equivalent Home Public Land Mobile Networks”. This is normally a network in another country that has an agreement with the user’s HPLMN to provide roaming services. If it also does not successfully connect to this network, the device will begin searching for alternative networks to connect to.
At this point, assuming the device is in automatic mode, it shall scan all RF channels in every compatible frequency band of it’s most advanced mobile access technology (i.e all of its LTE frequencies for an LTE compatible phone) to find available networks. For each frequency band, the device will search for the strongest cell and read its system information to identify the associated network(s). If multiple networks are found at this cell, the device will attempt network registration according to a priority list hardcoded into the user’s SIM[, the list prioritises friendly MNOs of the HPLMN]. 
Once the device has selected a network and successfully completed registration, it shall begin the cell selection procedure to select a suitable cell to camp on. This involves the device again scanning all of its compatible RF channels to search for cell of sufficient strength. Once a suitable cell is found the device will camp onto it. 
[bookmark: _Toc50468314][Typical Cell Reselection Process]
[In the case an onboard UE is overflying a country where their HPLMN resides, automatic cell reselection could trigger the UE to attach to its HPLMN on the ground when a set of conditions are met after performing the relevant cell measurement procedure, which includes a signal quality and a signal strength measurement of a radio access carrier in combination with the UE vendor proprietary measurement hysteresis utilising the acquired Ec/No and RSCP for UMTS, and RSRQ and RSRP for LTE. Typically, UEs are set to automatic network selection, resulting in the UE prioritising its HPLMN and the default preferred RAT, for the vast majority of onboard UEs this would be LTE. The timer to reselect to its HPLMN is set in the SIM card (see 3GPP TS 51.010 subclause 26.7.4.5.4.1.1 as an example) and this parameter can be configurable by the HPLMN. The range of this timer varies from 6 minutes to 8 hours and the default specified by 3GPP is 30 minutes.]
[bookmark: _Toc50044413][bookmark: _Toc50468315]Relationship Between Mobile Technologies and Average Time Take to Select a Cell
[bookmark: _Toc50468316]Time Required to Scan and Evaluate One Frequency Band
As described above, upon device switch on, the time taken to search for and connect to a suitable cell is dependent upon the number of frequency bands compatible with the device. Typically, the greater the number of compatible frequency bands, the longer it will take to successfully camp on a cell.
The maximum scan and evaluation times per frequency band for each mobile access technology can be derived from the relevant 3GPP standard: 36.133. These figures are dependent upon the DRX (Discontinuous reception) cycle of the device, which acts like the clock cycle of a computer processor. For each figure quoted below, the shortest DRX cycle has been assumed in order to evaluate the worst-case scenario.
Table 2: Time Taken to Scan and Evaluate One Frequency Band
	Mobile Access Technology
	Maximum Time Taken to Scan & Evaluate Each Frequency Band (seconds)
	3GPP 36.133 Reference

	GSM
	5.12
	Table 4.2.2.5.3

	UMTS
	50.48
	Table 4.2.2.5.1-1

	LTE
	17.92
	Table 4.2.2.3-2


[bookmark: _Toc50468317]Number of Frequency Bands in Typical Handsets
Many modern handsets can support dozens of different frequency bands and different mobile technologies. The following table lists the top selling phones across the World in 2019 and the number of frequency bands they support for each mobile access technology. 
Table 3: Number of Frequency Bands Supported in Popular User Handsets
	Table style: ECC Table – red header
	Units Sold
	No. of GSM Frequency bands
	No. of UMTS Frequency bands
	No. of LTE Frequency bands

	Apple iPhone 11
	37.3m
	4
	5
	27

	Apple iPhone 11 Pro
	33.1m
	4
	5
	30

	Samsung Galaxy A10
	30.3m
	4
	5
	10

	Samsung Galaxy A50
	24.2m
	4
	5
	17

	Samsung Galaxy A20
	23.1m
	4
	5
	15

	Xiaomi Redmi Note 7
	20.0m
	4
	5
	11

	Huawei P30
	20.0m
	4
	6
	21

	Samsung Galaxy S10
	16.0m
	4
	5
	22


[bookmark: _Toc50468318]Effect of Velocity on Cell Selection Process
In order to protect terrestrial networks, MCA operation is only permitted when the aircraft is at an altitude of at least 3000 metres (typical cruising altitude is about 10,000 metres). At this height, commercial aircraft will typically be flying at around 900 km/h – corresponding to 0.25km per second. 
A terrestrial mobile network can be modelled as a repeating hexagonal pattern. In non-urban areas, one cell within this network will have a range of roughly 305 km (with much smaller ranges required in dense, urban areas). Therefore, when user equipment on board an aircraft is switched on at 6000m, for example, the aircraft will spend a maximum of 20 seconds flying over a single cell. This is only in the case of the aircraft flying exactly along the main axis of the cell. The figure below illustrates that this will seldom be the case; the aircraft will normally be flying at tangents and will spend significantly less than 120 seconds in one cell. 
[image: ]
Figure 13: Aircraft Flying Over 120 Degrees Sectorised Cell Pattern
It should be noted that, although terrestrial networks incorporate antenna-downtilting, the radius of a base station cell may be larger at cruising altitude than it is on the ground. Where this is the case, the velocity of the aircraft and the time taken to scan through compatible frequency bands will remain the dominant factors, and it is still very unlikely that an aircraft will remain in one cell long enough to establish a connection.
Moreover, terrestrial mobile networks have not been designed with aircraft in mind. They are designed to handle user devices moving at a speed of up to 160km/h, not 900 km/h. Along with the short amount of time spent in each cell, this makes establishing a connection from an aircraft extremely unlikely. 
[bookmark: _Toc50468319]Summary
[It is expected that approximately only 0.0021% of UEs onboard are UMTS only. Where there is a roaming agreement between the home MNO and the MCA service provider, these handsets will automatically roam onto the MCA UMTS network otherwise the handset will continue and search a network to attach to.
Approximately 1% of UEs onboard are equipped with UMTS and GSM technology. Where these UEs are unable to connect to their home network or find their last available network, they will first of all scan for all available UMTS networks. At this point these UEs will detect and attach to the MCA UMTS network.
Approximately 98% of UEs onboard are equipped with LTE, UMTS and GSM technology. Where these UEs are unable to connect to their home network or find their last available network, they will first of all scan for all available LTE networks. It is evident from the values in Tables 2 & 3 that it is very unlikely for a UE to scan, measure, and evaluate all of it’s compatible frequency bands in short amount of time that it takes for the aircraft to transit across the diameter of a cell. 
Any interference from UEs onboard to ground based UMTS networks is highly unlikely. Such interference would require that a UMTS network was available on the ground and visible to the UE onboard. Any resulting interference would be transient. Where the onboard UE is equipped with LTE and UMTS technology, the likelihood of interference is yet more unlikely and would require the UE to be able to connect to its home network or its last available network assuming it was a UMTS network. In all other cases the time taken by the UE to conduct its network search exceeds the time it takes the airplane to transit the ground-based cell.
We therefore conclude that the requirement for MCA systems to include an NCU, where fuselage attenuation is insufficient to shield terrestrial networks from UEs onboard is not necessary and is disproportionate to the risk of potential interference.]
[bookmark: _Toc50468320]Draft EASA Decision
[bookmark: _Toc50468321]Draft EASA Decision
In 2014, the European Aviation Safety Agency (EASA) adopted the European Decision 2014/029/R which make it possible for airlines to allow passengers to use their mobile phone throughout the flight without being in airplane mode onboard non-equipped aircraft. Nevertheless, it is up to the airlines to perform the necessary assessment, ensuring aircraft are not affected in any way by the transmission of signals from the Portable Electronic devises (“PEDs”, e.g. mobile phone).
Tests and assessments are performed to ensure that the MCA system has no adverse effects on the aircraft systems. These tests consist of transmitting a high-power level in a frequency within or close to the frequency bands used by the mobile services. Upon positive outcome, an airworthiness certificate is provided to the airlines allowing the provision of the inflight mobile services. 
Since 2015, aircraft leaving the final assembly line are all transmitted-PED compliant, meaning that the necessary assessment is performed and any portable electronic device that radiates intentionally such as mobile phone within the aircraft cabin has no adverse impact on the aircraft systems. As a result, some airlines have decided to adopt the EASA decision and allow use of T-PEDs not in airplane mode on. This is true for MCA equipped and non-MCA equipped aircraft (see attachment).
[bookmark: _Toc50468322]Summary
[There is a contradiction between the aeronautical and telecommunication regulation: 
On one hand, the application of the European Decision allowing the mobile to remain on during the flight on non-equipped aircraft whatever the aircraft altitude.
On the other hand, the mandatory requirement of having an NCU onboard mobile equipped aircraft to screen the ground 3G networks.
It can now be questioned on the need to get an NCU onboard equipped aircraft to screen the ground 3G network in order to avoid any connections to the ground network while on the other hand, there is no issue on letting the onboard terminals switch on onboard non-equipped aircraft.]
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[bookmark: _Hlk50468044][bookmark: _Toc169147730][bookmark: _Toc380059616][bookmark: _Toc380059758][MCA services are currently authorised to operate GSM, UMTS and LTE services. For GSM and LTE services at all frequencies, previous studies have shown that MCA is fully compatible with terrestrial networks. However, for UMTS MCA systems a Network Control Unit (NCU) is required. The NCU increases the noise floor of the aircraft cabin. It is designed to ensure that signals transmitted by ground-based mobile systems are not detectable by the User Equipment within the aircraft cabin and so that user terminals can only register to the onboard base station. This report investigated the suitability of this requirement to operate an NCU when providing UMTS MCA services.]
[There is a clear trend, across all the European regions, that the proportion of 3G mobile connections is declining. Across Europe as a whole, the projected proportion of 3G mobile connections in 2025 is 10.2%. In the advanced mobile markets of Northern Europe, this number is only 2.3%. The analysis demonstrates that the overall trend in the declining number of UMTS networks is similar across all member states of the CEPT and this data is tending towards 0%.
UMTS deployments have been made to avoid the effects of pilot pollution, including mechanisms such as antenna down-tilting. Moreover, terrestrial networks are not optimized by MNOs to provide coverage to the sky.
Pilot pollution analysis determined that there were no dominant signals received by onboard UEs from terrestrial base stations for all flight altitudes studied, and therefore it is unlikely that these UEs could connect to the terrestrial network.
Statistics were gathered to provide a breakdown of the mobile access technologies of on-board UE. Approximately 98% of UEs onboard are equipped with LTE, UMTS and GSM technology and a further 1% of UEs onboard are equipped with UMTS and GSM technology. Of the flights studied, only 0.0021% of UEs onboard were UMTS only.
Where these UEs are unable to connect to their home network or find their last available network, they will scan for all other compatible frequency bands. available LTE networks. For those UEs with multiple mobile access technologies, it is very unlikely for the UE to scan, measure, and evaluate all of it’s compatible frequency bands in short amount of time that it takes for the aircraft to transit across the diameter of a terrestrial cell.
In 2014, the European Aviation Safety Agency (EASA) adopted the European Decision 2014/029/R which make it possible for airlines to allow passengers to use their mobile phone throughout the flight without being in airplane mode onboard non-NCU equipped aircraft. This has created a contradiction between European aeronautical and telecommunication regulation. There has been no complaints from MNOs since 2014.
As of end 2019, there were circa 28,000 active commercial aircraft and more than 32% have inflight Wi-Fi connectivity while aircraft with MCA is less than 5% [9]. By 2026, aircraft with Wi-Fi connectivity is projected to increase to more than 70% while aircraft with MCA will remain at less than 5% based on historical trends [9]. The combined statistics of MCA equipped aircraft with the very low penetration of dedicated 3G and 3G/2G UEs means there will be almost zero % probability that an ac-UE will interfere with ground UMTS networks.
This report shows that it is extremely unlikely that aircraft user equipment can connect to, and interfere with terrestrial UMTS networks and that UMTS network usage is steadily declining. Therefore, in order for MCA regulation to be proportionate and reasonable, the ECC should consider making the NCU non-mandatory.]
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Northern Europe
Aland Islands
Denmark
Estonia
Faroe Islands
Finland
Guernsey
Iceland
Ireland
Isle of Man
Jersey
Latvia
Lithuania
Norway
Svalbard and Jan-Mayen
Sweden
United Kingdom

Western Europe
Austria
Belgium
France
Germany
Liechtenstein
Luxembourg
Monaco
Netherlands
Switzerland

Eastern Europe
Belarus
Bulgaria
Czech Republic
Hungary
Moldova
Poland
Romania
Russian Federation
Slovakia
Ukraine

Southern Europe
Albania
Andorra
Bosnia and Herzegovina
Croatia
Gibraltar
Greece
Italy
Kosovo
Malta
Montenegro
North Macedonia
Portugal
San Marino
Serbia
Slovenia
Spain

Northern Europe - Projected Mobile Technology Usage 2018-2025

2G	2018	2019	2020	2021	2022	2023	2024	2025	0.11332619747005648	8.9085549986083715E-2	6.3248750387118483E-2	3.9832878477400434E-2	2.2060597098907092E-2	1.0428921195696661E-2	1.4755830799763779E-3	7.1709281807580936E-4	3G	2018	2019	2020	2021	2022	2023	2024	2025	0.21194177140211362	0.18363442091017695	0.13442510280039086	0.1019206189574608	7.6965618162795874E-2	5.4681562765596464E-2	3.1837421063274751E-2	2.2697330154635438E-2	4G	2018	2019	2020	2021	2022	2023	2024	2025	0.6747363216606117	0.72734352582149997	0.79362205588462953	0.83329108640989857	0.83081990728206678	0.77503384087389748	0.70800430321671926	0.61658276346241503	5G	2018	2019	2020	2021	2022	2023	2024	2025	0	0	8.6994628400629877E-3	2.443314113301763E-2	7.0220623433976365E-2	0.15978725948585329	0.25868809679067595	0.36006522606389263	



Western Europe - Projected Mobile Technology Usage 2018-2025

2G	2018	2019	2020	2021	2022	2023	2024	2025	0.13129141538983446	0.1123461627796089	8.503712608043644E-2	6.1534889412695762E-2	4.3028933198010433E-2	1.6976592894327347E-2	1.4126030862673285E-2	1.0359281701935475E-2	3G	2018	2019	2020	2021	2022	2023	2024	2025	0.39310092620061993	0.33325766321840805	0.25789428023588096	0.17790151602500609	0.11973993333202791	9.4261808203446151E-2	7.0929192917265446E-2	4.7246536802800797E-2	4G	2018	2019	2020	2021	2022	2023	2024	2025	0.47559749785559324	0.55439615472075909	0.65615895561478554	0.74325262549388738	0.77987219080426518	0.7700434926785007	0.7153862198298564	0.62894567170092586	5G	2018	2019	2020	2021	2022	2023	2024	2025	0	0	8.6977835747470379E-4	1.7324885905862768E-2	5.7358922992846714E-2	0.11867964288793166	0.19951635953608088	0.31340204841260499	



Eastern Europe - Projected Mobile Technology Usage 2018-2025

2G	2018	2019	2020	2021	2022	2023	2024	2025	0.33198810449087662	0.26220834288510758	0.20886058304729874	0.15972091295733493	0.10812663700530309	6.3234129707560635E-2	2.1604502789758648E-2	1.5829785642354013E-2	3G	2018	2019	2020	2021	2022	2023	2024	2025	0.44904356438260573	0.42129032581737125	0.38954989155583264	0.35373840520720756	0.3198359491397556	0.27956374380265919	0.22917946996278304	0.1572372677068968	4G	2018	2019	2020	2021	2022	2023	2024	2025	0.21903072010968846	0.31650467162202039	0.40132251576790745	0.48298911058754213	0.5559399574689734	0.61849577272739553	0.68013292333394537	0.71849527782233436	5G	2018	2019	2020	2021	2022	2023	2024	2025	0	0	2.1974353020240756E-4	3.483148991299471E-3	1.6107673468181895E-2	3.8700838509060843E-2	6.9087029503809572E-2	0.10843766882841489	



Southern Europe - Projected Mobile Technology Usage 2018-2025

2G	2018	2019	2020	2021	2022	2023	2024	2025	0.23420318012563771	0.1954043058375958	0.1586570458996909	0.11777372134441964	7.9698105707080941E-2	3.9988539143355893E-2	1.3126971413996789E-2	1.0344412832795373E-2	3G	2018	2019	2020	2021	2022	2023	2024	2025	0.37087511350948016	0.34908061232075738	0.30788874482576312	0.26918243974495176	0.22929313147698666	0.18783967930784026	0.14466554129312414	0.11928605372802803	4G	2018	2019	2020	2021	2022	2023	2024	2025	0.39492317624543083	0.45552885786004232	0.52840936359955881	0.59445140780313277	0.64411906388108331	0.6789122426816605	0.6867550695813982	0.64816158785089129	5G	2018	2019	2020	2021	2022	2023	2024	2025	0	0	5.016528175024842E-3	1.8469207086525927E-2	4.6856541079791376E-2	9.3208073411104722E-2	0.15545373192525402	0.22223196043394125	
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