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1 Introduction 

Data traffic generated by cellular IoT devices may show patterns different than 
those produced by human beings. 

In fact, due to the behavior of some IoT applications, certain aspects may be 
peculiar like the following: 

 The IoT device generates more traffic on uplink direction than downloading 
data through downlink path 

 The IoT device may produce a low amount of data and this is transmitted not 
so frequently (e.g. one time in a day or even less). In other terms, the device is 
busy to transmit pretty rarely. 

 The user application on the other side either does not need to talk to the 
remote device very often or can tolerate delay on the downlink 
communication. So to say, the IoT device does not need to be reachable at 
any time to receive traffic from the application. 

 The IoT device is powered by a battery that should last as much as possible. 
Consequently, the device shall consume very little energy. 

 Some devices are steady and do not change their position on the ground. 
Therefore, the mobile network might not need to be updated so frequently 
about the movements of the device across the nodes of the network. It might 
be enough for the network to be informed that the device is still alive in order 
to confirm its registration.   

In order to take into account these characteristics, mobile standardization body 
3GPP introduced new features being supported by cellular networks. 

One of this is named Power Saving Mode, PSM, that leverages on those aspects 
and aims to reduce the power consumption of the modem present into a cellular 
IoT device. 

The PSM functionality is defined in CAT-M as well as Narrowband IoT radio 
access technology, Low Power Wide Area (LPWA) modems as well as cellular 
network need to support it. 

Ericsson IoT Accelerator, as the rest of Ericsson mobile networks equipment, 
fully support PSM. 

This tutorial aims to share the knowledge about PSM also with experimental 
evidence using an IoT device equipped with a CAT-M module and mobile 
connectivity gained through Ericsson IoT Accelerator. 
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2 Principles of PSM 

Power saving mode (like also eDRX, extended Discontinuous Reception) is used 
in CAT-M and Nb-IoT to save power. The concept behind is that, once PSM 
feature is enabled, the terminal does not need to detect whether there is 
downlink service. Practically it is as if the device was not “always on” and thus is 
admitted that it could not be reached by downlink data at any time but only at 
given “listening time window” to be agreed with the network (during which the 
device will catch the paging signal).  

The moments when the device will listen to possible downlink traffic being 
received happen soon after two kind of events: 

1 Either because the device transmitted to upload some data to the network 
(to be delivered in turn to the remote user application) 

2 Or because, even if silent for a long time because it had nothing to send, it 
had to re-state to the mobile network that it is still alive. This sort of keep-
alive is achieved by fulfilling periodic TAU (tracking area update) procedure 
between the terminal and the network. The regular time interval of two 
consecutive TAU is ruled by timer T3412 handshaken between device and 
network 

After those two kinds of events, if PSM was enabled, the cellular device will 
detect paging for downlink traffic only for a given time window (named Active 
Time, AT) whose duration is defined by another timer, T3324: once it expired, the 
module will be in extremely low power mode, (e.g. the current of SIM7080 is 
about 3.5 μA), as it was sleeping, to extend its the battery life and won’t be 
reachable by any downlink traffic. This behavior may result in a longer time 
delay, which has an impact on the real-time performance of the data in case the 
user application tries to contact the remote device.  

The difference between T3412 and T3324 is equal to the maximum sleeping 
time, that the device can interrupt earlier if it needs to send uplink data. Then the 
conditions that move the device to wake-up from the sleep state are either the 
expiring of T3412 or the activation of the transmitter to send data. 
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It is important to know that the values of the two timers are proposed 
(Requested) by the device to the network but it is up to the network to 
acknowledge and order different values that the device shall actually adopt: for 
instance, the device may request TAU=14 hours, AT=2 seconds while the 
network could reply and command TAU=15 hours, AT= 2 minutes. Therefore, the 
device could not go to sleep earlier than 2 minutes. 
 
Before to enable PSM, it is important to be aware of the following aspects1. 

When the cellular component enters into the PSM "dormant" state: 

 The cellular procedures and protocols as mobile layer 2 (PDP context) and 
layer 3 (IP) are like “frozen”, that is they are suspended but not deallocated 
by the device nor cellular network; in such a way when the device will wake 
up they will not be negotiated again, the device will hold the IP address and 
the mobile network will consider it always registered. 

 TCP connections will be instead torn down; consequently, sockets (TCP 
source port) allocated to the application layer e.g. MQTT will be renewed 
when the device will wake up.  

The last statement leads to a dependency between the application and the 
underlying mechanisms of the cellular connectivity. An MQTT device, when 
resumed from sleeping, shall then re-register to the MQTT broker issuing a new 
“MQTT CONNECT” because bound to a TCP port different than the one provided 
to the broker before it went dormant.  

In other words, an MQTT client at the next wake up cycle cannot straightly 
publish on an MQTT topic assuming that it already connected to the broker 
before the sleep time: the broker will see, in fact, that UL message arriving on a 
TCP port not previously announced as belonging to any MQTT client, thus the 
client shall re-issue an MQTT Connect at any wakeup. 

For the same reason the MQTT keeplive timer is somehow dependent on the PSM 
timers agreed on the underlying connectivity layer. If longer than the sleep time, 
a newer MQTT Connect will overwrite the previous one at any wake up cycle. The 
MQTT keepalive makes sense as a continuity check when the same MQTT 
connection persists on the same TCP port for long time. 

                                                             

1 https://www.digi.com/resources/documentation/Digidocs/90002258/concepts/c_mode_psm.htm 

https://www.sharetechnote.com/html/Handbook_LTE_PSM.html 

https://iot.stackexchange.com/questions/5071/do-psm-drop-tcp-ip-sessionmqtt-when-going-sleep 
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2.1 PSM timers representation 

T3324 and T3412 are communicated between device and network using a bit-
oriented pattern notation. 

There are useful online tools to encode/decode bit patterns into the actual timer 
duration: a couple of references are provided for that calculators  

 https://www.thalesgroup.com/en/markets/digital-identity-and-
security/iot/resources/developers/psm-calculation-tool 

 https://www.soracom.io/psm-calculation-tool/ 

 

Another recommended explanation of PSM principles is available here 
https://www.thalesgroup.com/en/markets/digital-identity-and-
security/iot/resources/developers/lpwan-module-configuration-and-timers-
calculation 

 

3 The PSM experiment: scenario 

The test scenario was imagined and designed around the following sequence of 
events: 

1 The CAT-M modem attaches to the mobile network and gains IP address 
(involving V-PLMN and H-PLMN) 

2 Initially PSM is disabled and then mobile network orders the modem to issue 
periodically a “normal” TAU to get the UE registered (e.g. 3600 s) 

3 Then modem requests to enable PSM providing the network with a given pair 
of AT and TAU timers (the latter is other/longer the “normal” TAU timer). 

4 The network acknowledges/replies with another pair of timers that the 
device shall apply. 

5 After the expiration of AT time, the modem goes in sleep and stays for a 
while (in theory up to the expiration of TAU extended, T3412). In such a state 
the lower protocol stacks are frozen while the upper layers are shutdown: 
from now on any communication with the remote peer is suspended 

https://www.thalesgroup.com/en/markets/digital-identity-and-security/iot/resources/developers/psm-calculation-tool
https://www.thalesgroup.com/en/markets/digital-identity-and-security/iot/resources/developers/psm-calculation-tool
https://www.soracom.io/psm-calculation-tool/
https://www.thalesgroup.com/en/markets/digital-identity-and-security/iot/resources/developers/lpwan-module-configuration-and-timers-calculation
https://www.thalesgroup.com/en/markets/digital-identity-and-security/iot/resources/developers/lpwan-module-configuration-and-timers-calculation
https://www.thalesgroup.com/en/markets/digital-identity-and-security/iot/resources/developers/lpwan-module-configuration-and-timers-calculation
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6 The modem is then triggered to get out from the dormant state and powered-
on to become fully functional again. PDP and IP are resumed 

7 The MQTT client embedded on 7080G connects to an MQTT broker.  

8 The MQTT client succeeds to publish a message and to receive a message 
sent within the AT time window. 

 

4 Implementation 

The above-mentioned steps were achieved by realizing a script to be ran on the 
M5Stack Core device using M5Stack UIFlow development environment. 

 

Figure 1: IoT Base CAT-M M5Stack used for PSM test 

 

The equipment and the preconditions were: 

 M5Stack Core and IoT Base CAT-M module, based on SIMCOM 7080G 
chipset. This chipset supports not only a dual CAT-M/Nb-IoT modem but also 
includes several protocol stacks at application layer, like HTTPS, MQTT, 
MODBUS. 

 An eSIM supplied by and provisioned on Ericsson IoT Accelerator, whose 
subscription was enabled for CAT-M/Nb-IoT radio access. The eSIM was 
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configured to run a commercial profile of a Global CSP, which was the Home 
PLMN.  

 In addition, the IMSI of that eSIM was roaming on a Visited PLMN, since the 
test was executed in Italy. Therefore, the PSM was observed as also working 
in roaming condition. 

 An MQTT broker to act as MQTT sender/receiver endpoint to which the 
M5Stack cellular IoT device will connect to and publish messages 

The script was based on a sequence of AT commands given to the CAT-M 
module aimed to handle the interworking of the cellular device against the V-
PLMN and H-PLMN on Ericsson IoT Accelerator and also some functional blocks 
of the UIFlow library to steer the MQTT traffic (produced by the client embedded 
on the 7080G chipset) to the remote MQTT broker. 

5 Observed results 

In this section the behavior observed between the modem and the mobile 
network in conjunction also with the upper application layer is described 

 When PSM is disabled the module gets the “normal” TAU timer from the 
mobile network [e.g. 3600 s] 

 When the PSM is enabled and the modem requests a given couple of timers 
[14h, 10s], the mobile network replied with another value pair, in particular 
extending the AT time to 120 s instead of 10 s 

 After 120 s, a small led present on the module switched off, as an evidence of 
the entering in sleep mode  

 

 There were other two clear signs that the module went in dormant state 
depending on the previous conditions 

- If no data traffic was established on top of IP before entering PSM, then 
the modem notifies an “ENTER PSM” unsolicited message on the serial 
interface when goes to sleep 
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- If some data traffic was setup on top of IP before entering PSM (for 
instance an MQTT connection on TCP was opened as well as 
publish/subscribe message were flowing) then the modem notifies an 
“APP PDP DEACTIVE” (interpreted as TCP socket was closed down) 
unsolicited message on the serial interface when goes to sleep  

 Indeed, during its sleep time the device did not catch any downlink traffic (es. 
MQTT messages sent from the broker down to the device) because 
unreachable 

 After 30 s our code triggered a power up procedure in order to get the modem 
to wake up.  

 From IoT Accelerator Service Portal GUI no events on the network side were 
reported during and soon after the sleep time, to say that for the mobile 
network view point the UE was still registered and the IP address still 
allocated  

 After resumed, only if the device issued a new fresh MQTT Connect 
succeeded to exchange traffic with the remote broker. Pretending to publish 
or reuse a subscription to a previous topic did not work as likely a different 
TCP port was engaged over the previous IP 

 Indeed, at the resume IoT Accelerator Service Portal GUI showed the 
amount of downloaded/uploaded data 

 

6 Definitions & Acronyms 

 CAT-M: radio technology access with some special features supporting low 
power IoT device, like PSM and eDRX 

 IoTA: IoT Accelerator is the Ericsson IoT Connectivity Management platform 

 MQTT: application layer protocol on top of TCP widely used in IoT domain 

 Nb-IoT: another radio technology access with some special features 
supporting low power IoT device, like PSM and eDRX 

 PSM: Power Saving Mode it is the mechanism that brings the device in a low 
power consumption mode for a given period of time during which it is 
unreachable. 

 TAU: tracking area update is a procedure executed regularly by any cellular 
equipment to communicate its tracking area position but also to confirm its 
registration with the mobile network 

 UIFlow: an easy programming environment used to develop device logic on 
M5Stack devices 
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 V-PLMN/H-PLMN: Visited or Home Public Land Mobile Network, refer to the 
mobile network operator the SIM belongs to (Home) and may also roam over 
another network (Visited) 

 


