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Abstract: 				This contribution discusses an assessment of UICC for Ambient IoT devices. 

1. Introduction
Ambient IoT devices, as defined in TR 22.840 [1], are ambient power-enabled Internet of Things (IoT) devices, primarily powered through energy harvesting. They either operate without batteries or possess limited energy storage capabilities, e.g., using capacitors. Distinctively, these devices are designed with:
· Low complexity and smaller size.
· Reduced capabilities and power consumption compared to other 3GPP IoT devices such as NB-IoT/eMTC devices.
· Potential for being maintenance-free with a lifespan exceeding 10 years.

This paper evaluates the pros and cons of designating UICC/USIM as a component for an Ambient IoT device. 
2. Discussion
Most recently, in TR 38.848 [5], RAN Plenary documented their preliminary conclusions on the types of ambient IoT devices based on the energy storage capacity and capability of generating RF signals for the transmissions:
- Device A: No energy storage, no independent signal generation/amplification, i.e., backscattering transmission.
- Device B: Has energy storage, no independent signal generation, i.e., backscattering transmission. Use of stored energy can include amplification for reflected signals.
- Device C: Has energy storage, has independent signal generation, i.e., active RF components for transmission.
The power consumption benchmarks for these devices have been discussed with the following preliminary conclusions:
For Device A, the power consumption target during transmitting/receiving is [≤ 1 μW] or [≤ 10 μW].
For Device B, the target during transmitting/receiving is such that:
-	Device A power consumption ≪ Device B power consumption < Device C power consumption; or 
-	Device A power consumption ≤ Device B power consumption < Device C power consumption.
The device power consumption for Device C is ≤ 1 mW to ≤ 10 mW.
Considering these benchmarks, let’s further look at power demands of UICC/USIM. TS 31.120 [2] specifies Operating Conditions of four classes of UICC/USIM, i.e., Class A, Class B, Class C and Class D, as summarized in Table 1.



Table 1: UICC Operating Conditions
	
	Supply Voltage
	Reset
	Clock
	I/O

	Class A (Note)
	4.5-5.5v
	IOHmax =+20μA 
IOLmax = -200 μA 
Cout =Cin =30pF 

	IOHmax = +20 μA 
IOLmax = -200 μA 
Cout =Cin =30pF 

	IOHmax = +20 μA 
IILmax = +1 mA 


	Class B
	2.7-3.3 v
	IOHmax = +20 μA 
IOLmax = -200 μA 
Cout =Cin =30pF 


	IOHmax = +20 μA 
IOLmax = -200 μA 
Cout =Cin =30pF 

	IOHmax = +20 μA 
IILmax =+1mA 


	Class C
	1.62-1.98v
	IOHmax = +20 μA 
IOLmax = -200 μA 
Cout =Cin =30pF 

	IOHmax = +20 μA 
IOLmax = -20 μA 
Cin =Cout =30pF 

	IOHmax =+20μA 
IOLmax =-1mA 


	Class D
	1.1-1.3v
	IOHmax =+20μA 
IOLmax = -200 μA 
Cout =Cin =30pF 

	IOHmax = +20 μA 
IOLmax = -20 μA 
Cin =Cout =30pF 

	IOHmax = +20 μA 
IILmax = +1 mA 


	NOTE: To allow for overshoot the voltage on RST should remain between -0,3 V and Vcc + 0,3 V during dynamic operations. 




Building on these operating conditions, TR 31.970 [3] assessed UICC/USIM power consumption in two scenarios:
· ME keeps the UICC powered up in clock stop mode and the UICC consumes 15μA for the entire duration.
· UE switches off the UICC and re-activates it only when needed.
 
Additionally, the analysis assumes that,
· UICC/USIM initialization takes about 2 seconds.
· UICC/USIM has a maximum power consumption of 10 mA, in line with ETSI TS 102 221 specification.

Consequently, when the “UICC/USIM switched off” mode is employed, it requires 0.06mW for initialization. Under regular operations, the UICC/USIM power demand could read up to 10mA. In its idle state, the UICC/USIM power usage is capped at 200μA.

Clause 6.2.3 of ETSI TS 102 221 [4] also specifies that a terminal must supply a minimum current of 10mA to the UICC during an application session. Furthermore, depending on the supply voltage class in use, the minimum required supply voltage can range from 1.1V for Class A, 1.62V for Class B, 2.7V for Class C, to 4.5V for Class D. Therefore, it can be deduced that the minimum power consumption necessary for the Ambient IoT device to support UICC is approximately 11mW.
From preceding analysis, one can make the following observations:
· Ambient IoT devices, specifically Device A and Device B are unlikely to incorporate UICC due to their power constraints.
· Device C could marginally support UICC. However, this assertion needs further testing and validation.

3. Observation
Whether to specify UICC as a component of Ambient IoT device has its own set of advantages and disadvantages, which are outlined below:
Pros:
· Security and Authentication: UICCs are primarily used for secure storage of IMSI and keys for encryption, ensuring secure communication and protecting the user's communication against potential breaches.

· Standardization and Compatibility: If Ambient IoT devices are indeed considered as a type of UE in line with existing definitions, adherence to standard UE components, including the UICC domain, may facilitate relatively straightforward compatibility and integration with 3GPP networks.
Cons:
· Power Consumption: UICCs might introduce an additional power drain. For devices that rely on ambient energy or have very limited energy storage, this could be problematic.
· Size and Complexity: The inclusion of a UICC or USIM might increase the device's size or its design complexity.
· Cost: Adding UICCs could increase the manufacturing cost of each device, which might not be ideal for devices designed to be simple and cost-effective.

The inclusion of a UICC in an Ambient IoT device depends on manufacture’s design and intended use cases of the device. If there's a need for secure communication over a 3GPP network, then equipping them with a UICC becomes compelling. On the other hand, if these devices can fulfill their primary functions without this level of communication or if there are alternative security solutions available, it might be more practical to omit the UICC. This consideration becomes particularly true when factoring in design constraints of Ambient IoT devices such as size, energy efficiency, and production costs.
We also believe if there is a mandate to include UICC in Ambient IoT devices, it would be practical to make it non-removable. This would align with Ambient IoT use cases and traffic scenarios outlined in TR 22.840. Moreover, a non-removable design for UICC offers potential avenues to further power consumption constraints.
4. Proposal
There are some inconsistencies regarding the UICC/USIM options for Ambient IoT devices. These inconsistencies need to be addressed to ensure uniformity and avoid confusion among 3GPP workgroups and their subsequent implementations.
An LS might be required to coordinate among RAN, CT, SA1, SA2, and SA3 to determine the requirements of UICC/USIM for Ambient IoT devices. 
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