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1 Introduction
In R4-2215958 [1], there is one observation as follows.
“From the pass criteria perspective, the limits of both radiated emission and conducted emission are independent of the RAT. However, the performance criteria for radiated immunity and conducted immunity are different for BS supporting different RATs. Here are the analyses of two categories of RATs:
· Comparing GSM with NB IoT, GSM is a RAT with a low ratio of immunity failure. The test amplitude on receiver RX QUAL for GSM is -47 dBm (according to the standard). For NB IoT, it is -126.6 dBm. It can be stated that a very strong GSM signal leads to very strong immunity, which does not represent the worst testing case. 
· Immunity of WCDMA is verified via RNC-sim measuring BER, BLER. This data is fault corrected in RNC-sim, which does not represent the worst-case scenario. Immunity of NR/LTE is verified with throughput of UL/DL, which is sensitive and reacts very swift during immunity testing.
Observation 3: From the performance criteria perspective, for narrowband RATs, NB-IoT is the worst case, comparing to GSM. For wideband RATs, NR/LTE is the worst case, comparing to WCDMA.”
In this contribution, we would like to provide more theoretical analysis of EMC immunity test of MSR BS configured with different RATs.
2 Discussion
Performance criteria for RATs
The performance criteria for the five RATs are defined in TS 37.113 [2]. For GSM, it is RXQUAL or BER; for UTRA, it is BLER; for E-UTRA, NB IoT and NR, it is throughput.
Observation 1: The performance criteria for different RATs are different.
RAT-specific reference sensitivity level
According to TS 37.113 [2], during the immunity test, a communication link shall be set up with a suitable test system capable of evaluating the required performance criteria. Besides, 15 dB above the reference sensitivity level has been used as an example of the wanted input signal level for establishing a stable communication link. The reference sensitivity level is the minimum mean power received at the antenna connector at which a reference performance requirement shall be met, which is RAT-specific. E.g., for NR (1-C), the throughput shall be ≥ 95% of the maximum throughput. The reference sensitivity power level reflects the sensitivity of a MSR BS when exposed to external electromagnetic disturbance, and it consists of several components. The purpose of this contribution is to analyse the RAT-specific reference sensitivity level, and how it is impacted by the components.
For NR and E-UTRA, it is possible to compare the reference sensitivity levels directly, since they are all based on throughput. Table 7.2-1 in TS 36.141 [3] gives E-UTRA Wide Area BS reference sensitivity levels. Table 7.2.5-1 in TS 38.141-1 [4] gives NR Wide Area BS reference sensitivity levels. When the channel bandwidth is 5 MHz for both, the reference sensitivity levels are all approximately -101 dBm, where there is no significant difference between them.
Observation 2: The reference sensitivity levels of NR and E-UTRA are comparable. However, NR (or E-UTRA), NB IoT, UTRA and GSM cannot be compared directly, due to performance requirements and bandwidths of them are different.
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RAT-specific SNR
Unlike the comparison between NR and E-UTRA, we cannot compare the reference sensitivity power levels of E-UTRA (here we use E-UTRA as an example, the case of NR is similar) and UTRA directly. Therefore, we look into the components of reference sensitivity level. The formula of reference sensitivity level is as follows,
PREFSENS = Thermal Noise + Noise Figure + 10*Log(Bandwidth) + SNR
where thermal noise in a 50 Ω system at room temperature is -174 dBm/Hz; Noise figure is caused by components in a signal chain, in a MSR BS, it is independent of RATs; To compare E-UTRA and UTRA intuitively, we select the same bandwidth for both, i.e., 5 MHz; SNR is signal to noise ratio, E-UTRA and UTRA have different SNRs. 
The analysis of the worst-case scenario of wideband RATs is essentially selecting the RAT with the highest SNR.
Observation 3: Comparing the values of SNR between different RATs, the worst-case could be found out.
Failure mechanism analysis of MSR BS in radiated immunity test  
On the other hand, we can analyse the failure mechanism of MSR BS in radiated immunity test. There are two identified reasons, one of which is the leakage of the introduced radiated energy causes the malfunction of some component in the hardware of MSR BS, e.g., chip, capacitor, etc. In this case, all the supported RATs should be affected/FAIL, i.e., they are equally worst case. The second possible reason is that the reference noise is increased because of the introduced radiated disturbance. As mentioned in Section 2.2, the communication link is established 15 dB above the reference sensitivity level, and the reference sensitivity level is found when the reference performance requirement is met. Here, we use wideband RATs as an example. For NR and E-UTRA, it is throughput ≥ 95% of the maximum throughput; while for UTRA, it is BLER < 10-2. Although the reference performance requirements are different for different RATs, the reference sensitivity level is found at a critical value. Therefore, when the reference noise is increased by 15 dB, the situation is back to critical point. If the reference noise is continuously increased, no matter which RAT it is, the performance will be degraded over its tolerance, i.e., NR, E-UTRA and UTRA are equally worst case.           
Observation 4: It is possible that the wideband RATs are equally worst-case scenario, if the failure of MSR BS is due to the malfunction of some component in hardware or the increase of reference noise. 
3 Conclusion
In this contribution the analysis of reference sensitivity level for immunity test is presented. 
Observation 1: The performance criteria for different RATs are different.
Observation 2: The reference sensitivity levels of NR and E-UTRA are comparable. However, NR (or E-UTRA), NB IoT, UTRA and GSM cannot be compared directly, due to performance requirements and bandwidths of them are different.
Observation 3: Comparing the values of SNR between different RATs, the worst-case could be found out.
Observation 4: It is possible that the wideband RATs are equally worst-case scenario, if the failure of MSR BS is due to the malfunction of some component in hardware or the increase of reference noise. 
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725  Testrequirement
For each measured E-UTRA carrier, the throughput shall be > 95% of the maximum throughput of the reference

measurement channel as specified in Annex A.1 with parameters specified in Table 7.2.5-1 for Wide Area BS, in Table
7.2.5-2 for Local Area BS, in Table 7.2.5-3 for Home BS and in Table 7.2.5-4 for Medium Range BS.

Table 7.2-1: E-UTRA Wide Area BS reference sensitivity levels

E-UTRA Reference sensitivity power level,
channel bandwidth Reference measurement channel PREFSENS
[MHz] [dBm]
f<3.0GHz 3.0GHz < f<4.2GHz
1.4 FRC A1-1in Annex A.1 -106.1 -105.8
3 FRC A1-21in Annex A.1 1023 -102.0

3 FRC A1-6 in Annex A.1 for E-UTRA with NB-loT _102.3Nete2 N/A

in-band oieraﬂon Note3
5 -1008 o

N/A

5 FRC A1-7 in Annex A.1 for E-UTRA with NB-loT 100.8Note2
in-band operation -
10 FRC A1-3in Annex A.1Noe T -100.8 -100.5
10 FRC A1-7 in Annex A.1 for E-UTRA with NB-loT 100.8Note2 N/A
in-band operation Note 4 -
15 FRC A1-3in Annex A.1Noe T -100.8 -100.5
15 FRC A1-7 in Annex A.1 for E-UTRA with NB-loT 100.8Note2 N/A
in-band operation Note 4 -
20 FRC A1-3in Annex A.1Noe T -100.8 -100.5
20 FRC A1-7 in Annex A.1 for E-UTRA with NB-loT 100.8Note2 N/A
in-band operation Note 4 -
Note 1:  Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint
frequency ranges with a width of 25 resource blocks each.
Note 2:  The requirements apply to BS that supports E-UTRA with NB-loT in-band operation.
Note 3:  Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for a single instance of FRC A1-6 mapped to the 12 E-UTRA resource blocks adjacent to the
NB-loT PRB.
Note 4:  Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for a single instance of FRC A1-7 mapped to the 24 E-UTRA resource blocks adjacent to the
NB-loT PRB (location of which is specified in clause 4.7.3), and for each consecutive application of a single
instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each.
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‘The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
A2 with parameters specified in table 7.2.5-2b for Medium Range BS and in table 7.2.5-3b for Local Area BS, for band
196 and n102.

‘The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
A.1 with parameters specified in table 7.2.5-1a for Wide Area BS, in table 7.2.5-2¢ for Medium Range BS and in table
7.2.5-3¢ for Local Area BS for band n104.

The reference sensitivity level requirements for NB-IoT are specified in clause 7.2.5 of TS 36.141 [24].

Table 7.2.5-1: NR Wide Area BS reference sensitivity levels

BS channel Sub-carrier Reference Reference sensitivity power level, Prersens (dBm)
bandwidth spacing measurement channel £<3.0 GH 3.0GHz<fs 42GHz<fs
(MHz) (kHz) -0 GHz 4.2 GHz 6.0 GHz
5,10,15 15 G-FR1-A1-1 (Note 1) -101 -100.7 -1005
G-FR1-A1-10 (Note 3) | -101 (Note 2) ‘100';]““9 -100.5 (Note 2)
10, 15 30 G-FR1-A1-2 (Note 1) -101.1 -100.8 -100.6
10, 15 60 G-FR1-A1-3 (Note 1) -98.2 -97.9 -97.7
20, ig ig 3, 15 G-FR1-A1-4 (Note 1) -94.6 -94.3 -94.1
50 G-FR1-A1-11 (Note 4) | -94.6 (Note 2) | -94.3 (Note 2) | -94.1 (Note 2)
20, 25, 30, 35,
40, 45, 50, 60, 30 G-FR1-A1-5 (Note 1) -94.9 -94.6 -94.4
70, 80, 90, 100
20, 25, 30, 35,
40, 45, 50, 60, 60 G-FR1-A1-6 (Note 1) -95 -94.7 -94.5
70, 80, 90, 100
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