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Intro
• Live Tracking has moved from  a “nice to have” option for some competitions 

to a critical safety tool, as well as being a key piece of the scoring and 
spectator viewing system.

• New applications and uses for tracking data open up new possibilities and 
are welcome, but come with additional usage of the cell network.

• In remote areas where many of our competitions are held, these new 
applications can consume more bandwidth than the network in some areas 
can provide.

• Until the cell service is upgraded in these remote areas, which is still several 
years in the future, we need to have a well designed and coordinated 
approach to live tracking to ensure that the potentially life saving data is not 
compromised by network saturation.

• This  document explains the basics of mobile communications for the 
purpose of live tracking.



Basic parameters

• Bandwidth how wide is the 
transmission channel in KHz or MHz

• Latency (delay between data packages) 
in milliseconds, ms

• Packet size (Maximum transmission 
unit, MTU) in bytes, B



Comparison by bandwidth and packet size
Technology Typical Bandwidth Speed: Practical/ 

Theoretical Notes Packet Size Limit 
(MTU/PDU) Latency Notes

2G (GPRS) 200 kHz per channel 40-114 kbps Uses GPRS for data. 
Very slow. ~500-1500 bytes 500 - 1,000 ms

Small packets due to 
narrow bandwidth and 

latency issues.

2.5G (EDGE/E) 200 kHz per channel 200-400 kbps
Enhanced version of 
GPRS, but still very 

limited.
~1500 bytes ~300-500 ms Slightly improved due to 

better modulation.

3G (UMTS/WCDMA) 5 MHz per channel 384 kbps - 2 Mbps First true mobile 
broadband. ~3000 bytes ~100-200 ms

Larger packets allow for 
more efficient data 

transmission.

3.5G (HSPA/HSPA+) 5 MHz per channel Up to 42 Mbps High-speed upgrade 
of 3G. ~3000-4000 bytes ~100 ms Better data rates reduce 

fragmentation.

4G (LTE) 1.4 - 20 MHz per 
channel 100 Mbps - 1 Gbps Much higher speeds 

with OFDM.
~9000 bytes (Jumbo 
Frames supported) 30-50 ms

Higher MTU improves 
performance for large 

data transfers.

5G (NR) 10 MHz - 400 MHz per 
channel 1 - 10 Gbps Uses mmWave for 

extreme speeds.
~9000 bytes (or higher in 

some cases) <10ms
Ultra-low latency and 
high-speed data allow 
efficient large packets.

Kbps – kilobit per second, b – bit, B – byte, 1B=8b (bit), ms – millisecond.



High latency in 2G (GPRS/EDGE) is mainly 
caused by these factors:
1. Circuit-Switched Network Design – 2G was originally built for voice calls, not for fast data. Data 

transmission happens in small bursts, making it slow.

2. Low Data Throughput – GPRS (up to 114 kbps, but 40-50 in reality ) and EDGE (up to 384 kbps) transmit 
small data packets, which take longer to be processed and reassembled.

3. High Network Congestion – 2G networks have limited bandwidth, meaning more users sharing the 
network increases delays.

4. Multiple Time Slots for Data – 2G splits connections into timeslots (TDMA), so each user gets a small 
window to send data, increasing waiting time.

5. Longer Signal Processing Times – Data compression and error correction in 2G radio channels take longer 
compared to newer technologies.

6. Long Distance to Towers – 2G signals can travel farther than higher-frequency networks.



What if a packet is larger 
than network MTU?

The packet will be split into packets 
that fit MTU.

E.g.3064B packet will be split into:
3 parts for 1500B MTU  (EDGE)
Or
7 parts for 500 MTU (2G)



When Does MTU and Packet Count Matter?

• While MTU and packet splitting do not change the raw transmission 
time, they do impact overall end-to-end delay due to:

1.Acknowledgments (ACKs) & Latency
1. In 2G networks, latency is high (500-1000 ms per packet).
2. More packets = More ACKs delays. ACK delay is equal to latency

2.Overhead from Headers
1. Each packet has extra header data (IP, TCP/UDP), reducing actual data 

throughput. 
2. More packets = More overhead = Less efficiency.

3.Retransmissions
1. If a single packet is lost, it must be resent.
2. More packets = Higher risk of packet loss = More retransmissions.



Comparison in time of sending same 3064B 
via 2G, EDGE, LTE and NB-IoT

MTU 1500 
(3 Packets)

MTU 500 
(7 Packets)

MTU 9000
(less than 0,5 packet)

GPRS (50 kbps, 600ms latency) 4.09 sec 8.89 sec

EDGE (200 kbps, 200ms latency) 1.32 sec 2.92 sec

LTE  (~10 Mbps, 40ms latency) 42.45 ms

4G LTE-M, IoT /NB-IoT (~200 kbps, 600ms 
latency) 722.56 ms



Test of 2 well known mobile 
tracking apps data 
transmission
1. XCguide with sending to Pure track 

and Livetrack 24 (2s tracking, 
tracklog sending)

2. Volandoo (1 sec tracking, tracklog 
sending).



XC guide with sending to Puretrack and Livetrack 24 
(position sending, 2 sec tracklog both on phone and server)

367698 bytes were sent during 10 min of flight
1028 packets Min 40B Max  3064B

Network limitations 
• 2G (EDGE) is highly vulnerable, with 41 working apps* needed to cause congestion**.

• 3G can handle significantly more, requiring 612 apps to cause issues.

• 4G is resistant, needing 2,041 apps to clog the network.

*App means literary 1 application working. Any mobile phone usually has several applications working (Google, 
Gmail, What’s app, etc)

** Assuming there are no other uses of the cell towers.



Packets on wire







Volandoo sending to its server
(1 sec tracking, position sending and tracklog on server)

424458 bytes were sent during 10 min of  flight

2870 packets Min 40B, Max 10000B

Network limitations 
• 2G (EDGE) is highly vulnerable, with just 35 apps working will cause congestion*.

• 3G can handle more, requiring 530 apps to cause issues.

• 4G is very resistant, needing 1,767 apps to clog the network.

* Assuming there are no other uses of the cell towers.



Packets on wire



Packets on wire





2G sunset and 3G, LTE-M coming

• The decision to switch off 3G and 2G has been announced. They 
will be replaced by LTE-M but the replacement is gradual. 

• On the web there are many resources for example this where you 
can get “so far promised” years for technology replacement.

• Currently we are in the situation that even if we have 4G, 5G or 
LTE-M available, they are not widely spread.

• If the 5G signal is too weak, your phone may drop back to 4G LTE 
for a more stable connection and if 4G LTE is not available it will 
fall back to EDGE (since 3G has been mostly switched off)

https://onomondo.com/blog/2g-3g-sunset/#2-g-and-3-g-sunset-dates


How 5G Works (Simple Explanation)
• Imagine a flashlight instead of a light bulb. A light bulb spreads light in all directions, 

while a flashlight focuses light into a beam. 5G beamforming works like a 
flashlight—instead of sending signals everywhere, the 5G tower directs a focused 
"beam" of signal toward your phone.

• When your phone is at the farthest edge of a 5G antenna's range The beam becomes 
stretched and less focused, like the dim edge of a flashlight’s beam. The signal is 
weak and your phone may struggle to maintain a strong connection.

• Besides there is EMF noise that delutes or blocks the signal more
• Slower Speed. Data transmission slows down because your phone has to work 

harder to send and receive signals.
• More Power Consumption – Your phone increases its transmission power to "shout" 

back to the tower, draining the battery faster.
• Switching to 4G (Fallback) – If the 5G signal is too weak, your phone may drop back 

to 4G LTE for a more stable connection.



What happens if no 4G or 3G Available or 
4G is signal is not strong enough?
1.If the 5G signal is too weak and there is no 4G LTE or 3G coverage, the 

phone may fall back to 2G (GSM/EDGE) if the network still supports it.
2.Network Operator Settings – Some carriers no longer support 2G and 

have shut it down. In that case, the phone would simply lose 
connection instead of falling back.

3.Phone Settings & Compatibility – Some modern phones disable 2G 
fallback to save battery or for security reasons (since 2G is less 
secure). Again the phone would simply lose connection instead of 
falling back.

4.Data vs. Voice – If you're on a voice call and VoLTE (4G Calling) is 
unavailable, the phone may fall back to 2G for voice-only service 
while data is lost or slowed down drastically.



If the phone is on the limit of 5G or 4G how 
can it drop to H/EDGE?

1. Network Congestion – When many users (like 100 people) started sending data, the 4G LTE network may also get overloaded.

o If the network couldn't handle the traffic, some devices were forced to switch to lower-generation networks (4G, 3G, or even 2G).

2. Tower Load Balancing – The mobile network dynamically manages connections by shifting some devices to less congested networks.

o If 5G and 4G were overloaded, the system moved some phones down to HSPA (H) or EDGE (E) to maintain connectivity.

o This is called load balancing—ensuring that everyone gets at least some connection, even if it’s slower.

3. Limited 5G Backhaul – In remote areas like mountains, the fiber or microwave link that connects the 5G tower to the core network may 
have limited capacity.

o When too many users consume bandwidth, the tower struggles to process all the data, forcing devices to downgrade.

4. Signal Interference & Weakening – As more people connected, the tower’s radio resources were stretched, which can cause a weaker 
5G signal for some users.

o The phone may have automatically switched to a more stable (but slower) 3G or 2G signal.



Why do I see "H" or "E" instead of 4G
on the phone when I just was on 5G
• 4G LTE was also likely congested, so your phone skipped it and went to HSPA (H) or EDGE (E) 

instead.

• Some network providers prioritize voice and emergency services on 4G, pushing data-heavy 
users down to HSPA or EDGE.

• This is a common issue in crowded events, concerts, and remote areas with limited network 
capacity.

• The network prioritizes essential connections (like calls, SMS) and shifts data users to older 
technologies to prevent total network failure.

• If you were closer to the tower or using a higher-priority SIM (like business or emergency 
services), you might have stayed on 5G or 4G longer.



CIVL competitions live tracking sources

• OLD
• GSM tracker
• GSM mobile app on smartphone
• Satellite tracker
• OGN device (FLARM, FANET, ADSL, ADSL-M, GSM/GPRS)
• FANET device 

• NEW
• GSM+FLARM device
• GSM+ADSL device
• GSM+FANET device
But only GSM connection can be used for the purpose of live scoring



GSM
In GSM every device competes with every other device for the time 
slot to transfer its packet. So the smaller the packet the easier it goes 
through. But the number of packets sent counts as well.

• Mobile apps packets vary from 40 bytes to 10000 bytes. 
• 40 B of mobile app is a header or ACK* packet.
• From 94 B of mobile app is PSH* packet.
• From 3000B for Server Hello, Certificate, Encryption, etc
• Position packets from mobile apps starts from 100B. But 

they are always sent together with Server Hello, ACK, PSH 
packets that increate the total amount of data sent.

• Tracker can send up to 10 times less data but it has to wait for a 
vacant time slot in between mobile app packets.

*ACK means that the machine sending the packet with ACK is acknowledging data that it had received from the other machine. In TCP, once the connection is 
established, all packets sent by either side will contain an ACK, even if it's just re-acknowledging data that it's already acknowledged.

PSH is an indication by the sender that, if the receiving machine's TCP implementation has not yet provided the data it's received to the code that's reading the data (program, or 
library used by a program), it should do so at that point. To quote RFC 793, the official specification for TCP:

http://tools.ietf.org/html/rfc793


OGN/FANET/ADSL

• Devices that transmit positions via RF 
have the advantage of not overloading 
GSM network as they operate via 
separate base stations that retransmit RF 
signal into internet (OGN or SafeSky)

• On the other hand, they have 
disadvantage that they depend on the 
number of these base stations existing in 
the area.

• On the picture you can see that the valley 
in the middle is well covered but the 
valleys on top and bottom are not 
covered at all.

48a1
d9

100%

0%

0%



FANET VS FLARM

• FANET: each device retransmits all (!) the received 
positions of others that allows the signal travel 
farther but can saturate RF channel.

• FANET: good for limited number of devices.

• FLARM collision awareness for fast moving 
aviation: helicopters, gliders, private planes, etc.

• FLARM each device sends only its own position, 
excluding channel saturation.

• FLARM good for considerable number devices 
located in one area, as the load on band is much 
less
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Satellite tracking

• Global coverage including no-GSM areas 
(e.g SPOT on picture).

• But expensive, and can work only as 
emergency beacon.



GSM to Satellite

• iPhone and Google pixel have announced connection to satellites 
for emergency SMS, but you need to be out GSM coverage to get it.

• Currently some GSM devices can connect to some satellite 
operators but they are extremely expensive.

• The satellite operators that do provide connection for phones still 
have very sporadic and inconsistent coverage. 



Conclusion

• New solutions and research in the field of combining RF 
transmission with GSM can significantly improve the quality of 
competition live tracking.

• Currently as we are in technology transition period. So, things are 
already not good as they were and not yet good as they should be.

• Remember band is finite. Our advice is to act responsively and 
knowledgeable.

• Quantity in our case does not mean quality. Organizers are 
advised not to overload GSM network or RF band of the 
competition.



Summary

• Live Tracking is now a critical safety tool for safety at Paragliding 
XC Competitions.

• Use of high-bandwidth apps can clog the cell network in remote 
areas if not planned carefully.

• In order to embrace innovation and open the market up to new 
applications without overwhelming the network, a well-
considered and managed approach is needed.
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