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Introduction
In 3GPP TS 36.101[1], wide band intermodulation is defined for NB-IoT downlink to characterize the receiver performance with the presence of one modulated interferer and one continuous wave interferer. The mechanisms of Signal-to-Noise Ratio (SNR) degradation due to wide band intermodulation are:
1) Third intermodulation product (IM3) caused by nonlinearity of RF front-end falls in signal band, thus degrades SNR;
2) Interferer is mixed with phase noise of local oscillator (LO) at interferer location (called as reciprocal mixing), and falls in signal band, thus degrades SNR.
Both cases are effective only within the signal bandwidth thanks to the channel filtering after signal down-conversion. If signal power is the same, smaller signal bandwidth leads to smaller integrated bandwidth for noise and nonlinearity product, thus leads to better SNR.
Analysis
2.1 Wide band intermodulation definition for NB-IoT
Wide band intermodulation for NB-IoT defined in 3GPP TS 36.101[1] is captured as below:
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Fig. 1 Wide band intermodulation definition for NB-IoT
In the table in Figure 1, signal power is set as "REFSENS+6dB", which is -102.2dBm (108.2dBm+6dB = -102.2dBm). The power of two interferers at ±2.2MHz and ±4.4MHz offset are both -46dBm, which are 56.2dB higher than signal power. Generally speaking, this definition sets large interferers near a very small input signal, thus calls for tough requirement on receiver LO phase noise at low frequency offset. 



2.2 Wide band intermodulation definition in LTE
For comparison, wide band intermodulation for LTE defined in 3GPP TS 36.101[1] is captured as below:
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Fig. 2 Wide band intermodulation definition for LTE
Since system bandwidth of NB-IoT is 200kHz, it is logical to compare NB-IoT with LTE 1.4MHz bandwidth and 3MHz bandwidth (called as LTE 1.4MHz and LTE 3MHz in the following description). In the table in Figure 2, signal power is REFSENS+12dB for LTE 1.4MHz and REFSENS+8dB for LTE 3MHz. The performance requirements due to wide band intermodulation are discussed as below:
1) Linearity requirements of RF front-end for LTE 1.4MHz and 3MHz are the same, since signal and modulated interferer have the same bandwidth, i.e. both are 1.4MHz or 3MHz. 
2) LO phase noise requirements for LTE 1.4MHz and 3MHz are different. Since signal bandwidth of LTE 1.4MHz is around half of that of LTE 3MHz, integrated phase noise in signal bandwidth is around 3dB less. However, in LTE specification, REFSENS for LTE 1.4MHz is also around 3dB less than that of LTE 3MHz (strictly speaking, the exact value is band-dependent). The benefit of narrower bandwidth of LTE 1.4MHz is already considered in REFSENS definition. Therefore, even if the signal power in both cases is kept as REFSENS+8dB, SNR is almost the same, and the performance requirement of UE receiver due to wide band intermodulation is almost the same.
Moreover, in current LTE specification, wide band intermodulation definition for LTE 1.4MHz is relaxed than that of LTE 3MHz, since signal power for LTE 1.4MHz is set as REFSENS+12dB instead of REFSENS+8dB. The root cause is that for LTE 1.4MHz, interferers appear at ±2.8MHz offset and ±5.6MHz offset, but for LTE 3MHz, interferers appear at ±6MHz offset and ±12MHz offset. It is well-known that LO phase noise at low frequency offset is worse than that at high frequency offset. That is, LO phase noise at ±2.8/5.6MHz offset is worse than that at ±6/12MHz offset. Therefore, it is reasonable to relax the requirement for LTE 1.4MHz by increasing signal power from REFSENS+8dB to REFSENS+12dB.
2.3 Comparison with definition for eMTC 
Wide band intermodulation definition in eMTC is also described in NOTE 5 and NOTE 6 in Figure 2. The signal power is also set as REFSENS+12dB, although the REFSENS may be different with that of LTE 1.4MHz. Since NB-IoT operates in half duplex FDD (HD-FDD) mode, it is more reasonable to compare it with eMTC in HD-FDD mode.
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Fig. 3 Wide band intermodulation definition for HD-FDD eMTC
Figure 3 shows the reference sensitivity definition for eMTC. We may take Band 8 as an example. The eMTC sensitivity is -100.5dBm, and NB-IoT sensitivity is -108.2dBm, which is 7.7dB lower than that of eMTC. As mentioned before, the lower sensitivity comes from narrower signal bandwidth, thus less integrated noise in signal band. Effective bandwidth of NB-IoT and eMTC are 180kHz and 1.08MHz, respectively. Therefore, with the assumption of the same SNR requirement for NB-IoT and eMTC demodulation, it is rather reasonable to set NB-IoT sensitivity as around 7.8 dB (10*log10(1.08MHz/180kHz) =7.8) lower than that of eMTC. 
From above analysis, it can be seen that the narrower band benefit of less integrated noise from NB-IoT is already taken into account in sensitivity definition, and it should not be counted again in other parameter definition related to sensitivity.
2.4 Discussion on the original parameter definition 
Brief description on the original parameter definition can be found in [2]. The wide band intermodulation definition is discussed and agreed as Figure 1, i.e signal power is set as REFSENS+6dB. At that moment, the sensitivity of NB-IoT was not defined yet, and the narrowband benefit was considered in the parameter definition. Therefore, signal power is set as REFSENS+6dB rather than REFSENS+12dB with consideration of narrower band of NB-IoT. However, in later standardization, the narrowband benefit of NB-IoT is taken into account in sensitivity definition, and NB-IoT sensitivity is set around 7.7dB than that of eMTC. It may be not logical to take it into account again in wide band intermodulation definition. 
Therefore, to keep roughly similar requirement as that for eMTC and LTE, signal power in wide band intermodulation definition for NB-IoT (in Figure 1) should be set as REFSENS+12dB instead of REFSENS+6dB. Otherwise, the requirement on LO phase noise will be much more stringent than that of eMTC and LTE, which leads to higher power consumption for NB-IoT UE. 
Simulation
The effect of wide band intermodulation definition can also be evaluated by simulation. As shown in Figure 4, a system-level simulation platform for NB-IoT receiver is built based on Keysight's SystemVue tool and its embedded NB-IoT library. In Figure 5, a Low Intermediate Frequency (Low-IF) NB-IoT receiver is designed, and phase noise of LO, nonlinearity and noise figure of each modules can be modelled respectively. Bit Error Rate (BER) can be measured to evaluate the effect of receiver performance to signal demodulation. 
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Fig. 4 NB-IoT receiver simulation platform
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Fig. 5 Low-IF NB-IoT receiver 

Figure 6 shows the signal and interferers at receiver input in simulation. A QPSK signal with 1.4MHz bandwidth is used as the modulated interferer for simplicity. Figure 7 shows an example for module parameter setting and BER measurement.
                   
Fig. 6 Signal and interferers at receiver input 
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Fig. 7 An example for module parameter setting and BER measurement 
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Fig. 8 An example for LO phase noise requirement with different signal power definition
Figure 8 shows an example of LO phase noise requirement with different signal power definitions in NB-IoT receiver design. The simulation result shows that if input signal is set as REFSENS+6dB, LO phase noise of receiver should be no worse than the red curve in Figure 8 to achieve a BER of zero. Wide band intermodulation will be the bottleneck of receiver LO phase noise requirement. Moreover, much more current is needed to achieve the phase noise requirement, especially for high frequency bands. Therefore, the wide band intermodulation definition will call for much additional power consumption for NB-IoT UE.
However, if input signal is set as REFSENS+12dB, LO phase noise for 1MHz~7.5MHz can be relaxed by 10dB (shown as blue curve in Figure 8) to achieve a BER of zero from the simulation. Wide band intermodulation is no longer the bottleneck of LO phase noise requirement, but is mainly related to linearity of RF front-end, which is in line with the definition for eMTC and LTE.  
Conclusion
In summary, the narrower bandwidth benefit of NB-IoT compared with eMTC (200kHz vs 1.4MHz) has been taken into account in sensitivity definition, i.e. REFSENS, it should not be counted again by changing input signal power from REFSENS+12dB to REFSENS+6dB in receiver wide band intermodulation definition. To keep roughly similar requirement as that for eMTC and LTE, signal power in wide band intermodulation definition for NB-IoT should be set as REFSENS+12dB instead of REFSENS+6dB. Otherwise, NB-IoT UE has to additionally consume much higher power due to the much more stringent LO phase noise requirement, which is not in line with the low power requirement in most of IoT applications.
Therefore, we have the following proposal:
Proposal: update “Category NB1 signal power” in Table 7.8.1F-1 in 3GPP TS 36.101 from “REFSENS + 6dB” to “REFSENS + 12dB”.
The CR[3] to revise the parameter is also proposed accordingly. 
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Table 7.3.1E-4: Reference sensiti

ity for HD-FDD UE category M1 QPSK Prersens

E-UTRABand REFSENS (dBm) Duplex Mode
1 -103 HD-FDD
2 -101 HD-FDD
3 -100 HD-FDD
4 -103 HD-FDD
5 -1015 HD-FDD
7 -101 HD-FDD
8 -100.5 HD-FDD
" -1033 HD-FDD
12 -100 HD-FDD
13 -100 HD-FDD
18 -103¢ HD-FDD
19 -103 HD-FDD
20 -100.5 HD-FDD
21 -1033 HD-FDD
26 -101 HD-FDD
27 -1015 HD-FDD
28 -1015 HD-FDD
31 973 HD-FDD

NOTE 1: The transmitter shall be set to Puuax as definedin subclause 6.2.5

NOTE 2: Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattem OP-1
FDD/TDD as described in AnnexA5.1.1/A5.2.1
NOTE 3: Forthe UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS
NOTE 4: Fora UE that support both Band 18 and Band 26, the reference sensitivity level for Band
26 applies for the applicable channel bandwidths.
NOTE 5: For cat M1 the same reference sensitivity requirement applies for all applicable channel
bandwidths (Table 5.6.1-1)
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7.8.1F  Minimum requirements for category NB1

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in
Annex A 3.2 with parameters specified in Table 7.8.1F-1 for the specified wanted signal mean power in the presence of
two interfering signals.

Table 7.8.1F-1: Wide band intermodulation for category NB1

Parameters for wideband intermodulation

Category NB1 signal power REFSENS + 6 dB
CW interferer signal power -46 dBm
1.4 MHz E-UTRA interferer signal power -46 dBm
CW interferer offset +2.2 MHz
1.4 MHz E-UTRA interferer offset +4.4 MHz
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7.8.1.1

Minimum requirements

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annexes A2.2,A.2.3 and A.3.2 (with one sided dynamic OCNG Pattem OP.1 FDD/TDD for the DL-signal as
described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.8.1.1 forthe specified wanted signal mean
powerin the presence of two interfering signals. For operating bands with an unpaired DL part (as noted in Table 5.5-
1), the requirements only apply for camiers assigned in the paired part.

NOTE 2

NOTE 3:

NOTE 4:

NOTE 5.

NOTEG:

Table 7.8.1.1-1: Wide band intermodulation
R Parameter | Units Channel bandwidth
T4 WAz SMAz | 5MHz | 10 MHz | 15MHz | 20 Mz
Fower in REFSENS + channel bandwicth spedific value below
Transmission s
Bandwidth 12 8 6 6 7 9
Configuration
Ploerrert @m
e e -
etz o
(Modulated) 46
P T4 3 5
Fintree 1 WFZ | BW2-21 | BW245 BW2-75
(Offset) 1 ! 1
+BW2+ 21 | +BWR2 +45 +BW2+75
Framen Wiz o
e et 1
NOTE 1 The iransmier Shall be set o 445 below PowrL althe mnmum UpIk configuraiion speciied i

Table 7.3.1-2 with Powsx_ as defined in subclause 6.2.5

Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG
Pattern OP 1 FDD/TDD as described in Annex A5.1.1/A5.2.1

The modulated interferer consists of the Reference measurement channel specified in Annex
A3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex
A5.11/A5.2.1 with set-up according to Annex C.3.1The interfering modulated signal is 5MHz E-
UTRA signal as described in Annex D for channel bandwidth >5MHz.

The REFSENS power level s specified in Table 7.3.1-1and Table 7.3.1-1a for two and four
antenna ports, respectively

For DL category M1 UE, the reference sensitivity for category M1 in table 7.3.1E-3 should be
used as REFSENS for the power in Transmission Bandwidth Configuration.

For DL category M1 UE, the parameters forthe applicable channel bandwidth apply. and BW
refers to the corresponding channel bandwidth.





