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1 Introduction

In the LS 3GPP CT[1] asks RAN4 to consider how radio performance requirements and conformance testing can be handled in a case where the UE performance might dependent on the UICC used and find a solution that ensures that the Terminal (ME) can be conformance tested independently of the UICC used in the field. This document discusses interference mechanisms that may impact the UE performance.
2 Discussion
UICC electromagnetic emissions can affect the UE performance at least in a couple of different ways.  Most straightforward interference mechanism is direct emission at UE RX frequency that will block receiver. The emission level for the UICC at UE RX band should be specified so that sensitivity degradation is negligible. The appropriate level depends on the estimated coupling loss from the UICC to UE RX input. The emission level at other frequencies than RX bands could be allowed higher than the RX band requirement.

Proposed Electro-Magnetic emission constraints for a USB high speed interface enabled  UICC [2] specifies the following:

5.Y
Electro-Magnetic emission constraints for the UICC

A UICC shall not include any internal oscillator dissipating more than 1mW of power. Furthermore, the emitted power of a UICC shall remain below –72dBm/MHz over the whole frequency band ranging from 200MHz to 2GHz when measured with the TEM cell method described in TR 102 151 [3].

Further analysis is needed to understand if the level and frequency range are adequate to guarantee the good UE performance. The current operating bands already cover frequencies up to 2.69GHz and any spurious signals at UE antenna connector within the UE RX band should be in the range of -110dBm/3.84MHz.

Another important interference mechanism is UICC clock mixing with other signals that are present in the UE and the mixing results landing at the UE RX frequency. The strongest signal is usually the UE TX signal and so in full duplex systems where TX is on at the same time as RX the UICC clock should be selected so that direct mixing with the clock and TX signal does not produce RX frequency. That means that the clock frequency should not be equal or close to RX-TX separation (45 MHz, 80MHz, 95 MHz and 190 MHz). Preferably the clock should be a few channel BW away from those frequencies.

The interference caused by the mixing as well as direct emission can be mitigated by having sufficient coupling loss between the UICC and the cellular antenna(s). Free space path loss equation for 1 and 2GHz gives approximately 40dB loss at distance of 1m i.e. significantly larger that the distances inside the phone, but the coupling loss can be increased by shielding. Measurements for commercially available devices have shown that the coupling loss between the cellular antenna and UICC is in the range of 25 to 35dB.

The shielding of the UICC is however not simple as there must be a possibility to change UICC and therefore a possibility to open shield is needed or there must be a whole in the shield and these both have negative impact on shield performance.
Another possibility to mitigate the problem with mixing emissions would be to control the offset frequency of mixing products. By choosing the UICC clock frequency in a way that mixing products will not fall onto UE receive band the level of allowed emissions can be significantly relaxed. As the harmful clock frequency depends on the cellular system in use the UE should be able to affect the choice of the optimum UICC clock frequency.
The emission requirement for the UICC could be based on some standard radiated test method. A standard test jig for UICC is needed so that it can be placed to test chamber without UE. The test jig that is needed for the radiated emission could also be used to test radiated immunity in a proper test chamber. For immunity test the criterion is that the basic functionality and emissions performance of the UICC is maintained under an AM modulated RF field.

3 Conclusions 

This document describes the concerns of the interference and impacts to radio performance produced by the UICC. Sufficient suppression of various sources of interference must be guaranteed by the UICC preventing degradation of performance radio performance. 

More work is needed to determine adequate limits and avoiding costly shielding and other mechanical structures in terminals.
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