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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In the last meeting, some additional form factor de-sense has been discussed in EIS topic. This contribution discusses assumption of measurement condition for FR2 EIS. Some measurement results are provided regarding display noise effect, and it is proposed to clarify measurement condition.
 Discussion
Condition of conformance testing 
In RAN4#88bis meeting, additional form factor de-sense has been discussed in EIS spherical requirement. Basically, some candidate of additional form factor de-sense, display, camera and other applications, are not affected in conformance test in LTE because such kind of display or applications are turned-off in the testing. NR test condition of FR2 should align with that of LTE so that conformance test of FR2 is done in the OTA condition, and then, it is natural not to take such kind of de-sense into account in RAN4 spec. 

Observation 1: In test condition of LTE, all off applications, such as camera are turned off in the testing.
Proposal 1: NR test condition should align with that of LTE (display or application turn off), which should inform RAN5.

Regarding noise derived from display or applications, generally, it is more impact at lower frequency than higher frequency in our understanding (of course, there are some harmonic noises derived from some control signals). It is wondering if such kind of noise is impact on mmW. Noise derived from display or such kind of form factor is evaluated in the next chapter.

Evaluation results
Display noise

In this section, display noise effect is evaluated. EIS is measured at 3-bands, low (band 28, centre freq. : 788MHz), middle (band 1, centre frequency: 2145MHz), high (band 42, centre frequency: 3510MHz) with 3-devices in the condition of display on and off state. Rotation step is 30 degree for both elevation and azimuth angle, and calculate EIS delta between display off-state (EIS_off) and on-state (EIS_on) at each angular and each polarization. For display on state, brightness is set to maximum. All devices are latest model, multi-band support (more than 15 of LTE band) and bezel less devices. Figure 1 shows comparison of EIS delta, which is calculated below formula.
Delta = EIS_on - EIS_off  
Then, positive value means degradation derived from display noise.
It is obvious that lower frequency is larger impact than higher frequency. In band 42, there is less 0.4 dB delta. Considering FR2 frequency, this difference can be more minimized.
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Figure 1 EIS delta between display on and off-state
Observation 2: Display noise is more impact at lower frequency than higher frequency. 
Observation 3: Degradation derived from display noise is less than 0.5dB at 3510MHz, this will be more minimized at mmW. 

In next testing, display noise is observed by probe scan during turning on and off display. Figure 2-5 shows the screen capture of Spectrum Analyser. UE2 device is used as DUT because it is worst characteristics in the previous testing. These graphs compare the noise level between display turn on and off. These data is max hold value during scanning (about 6 min. per test). These results also show that lower frequency is larger noise from turning on display, about 2dB degradation in band 28 (Band Width (BW) = 10MHz). on the other hand,  less than 0.3dB degradation are observed in the other band (band 1 (BW = 20MHz), 42 (BW = 40MHz), and n257 (BW = 100MHz)). This test is operated by manual, so, some measurement uncertainty should be taken into account. Considering such aspect, differences in higher band are negligible. 
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(a)  Display off-state                                                                 (b) Display on-state
Fig. 2  Noise floor evaluation in Band 28 (BW = 10MHz)
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(a)  Display off-state                                                                 (b) Display on-state
Fig. 3  Noise floor evaluation in Band 1 (BW = 20MHz)
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(a)  Display off-state                                                                 (b) Display on-state
Fig. 4  Noise floor evaluation in Band 42 (BW = 40MHz)
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(a)  Display off-state                                                                 (b) Display on-state
Fig. 5  Noise floor evaluation in Band n257 (BW = 100MHz)

Application noise

As second evaluation, EIS delta has been evaluated in using some applications. Used applications are camera, web browser, SMS application, music player, and calendar. Brightness of display is set to maximum. Other condition (e.g. frequency, number of DUT) are same as those of previous display investigation. Figure 6 shows comparison of EIS between with and without using apps. The delta is about 0.2 dB maximum at band 28. The delta becomes smaller at higher frequency band. For UE2, the delta at band 42 is larger than that at band 1, but, the deltas are below 0.1 dB. It is considered to be caused by the allocation between antenna and camera or application CPU. Anyway, application noise is less than 0.1dB at band 42 for all DUTs, Considering further minimized impact in mmW, noise effect derived from application will be negligible. 
[image: ]
Figure 6  Comparison of antenna gain between single band and multi-band
 
Observation 4. The noise derived from application running are at most 0.2dB at 788MHz, less impact can be observed at higher frequency. 


Conclusion
In this contribution, some measurement results are provided with regard to noise impact derived from form factor de-sense. The results indicate that there is no impact in FR2. And considering real test condition, all application and display should be turned off in LTE conformance testing. It is general to align with LTE condition even in NR FR2.
Observation 1: In test condition of LTE, all off applications, such as camera are turned off in the testing.
Observation 2: Display noise is more impact at lower frequency than higher frequency. 
Observation 3: Degradation derived from display noise is less than 0.5dB at 3510MHz, this will be more minimized at mmW.
Observation 4. The noise derived from application running are at most 0.2dB at 788MHz, less impact can be observed at higher frequency. 
Proposal 1: NR test condition should align with that of LTE (display or application turn off), which should inform RAN5.
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