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1 Introduction
NB-IoT BS core requirements were completed in RAN4#79 and performance requirements in RAN4#81. 
After some additional investigations related to narrowband intermodulation requirement, spurious responses might be generated, depending on radio design, due to the high power CW signal which is very close to the wanted sub-carrier. A way forward [2] was agreed during last RAN4#82 meeting to further understand and study this potential issue.
This contribution further discusses this spurious responses issue for NB intermodulation, compares the different options to fix this issue without relaxing requirement and proposes CR to existing core and tests specifications. This contribution is a follow-up from last meeting [3], explaining with more details the issue and the proposed alternative to fix it.
2 Discussion
2.1 Narrow Band intermodulation requirement
Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two interfering signals which have a specific frequency relationship to the wanted signal. For narrowband intermodulation requirement, the interfering signals shall be a CW signal and one PRB of an E-UTRA signal.
This is illustrated in Figure 1.
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Figure 1: Narrow Band intermodulation requirement for NB-IoT
FoffCW and FoffLTE are specified in TS 36.104 table 7.8.1-3a (in-band operation), table 7.8.1-3b (guard band operation) and 7.8.1-3c (standalone). FoffCW is adjusted (inband and guard band) so that intermodulation product falls in the NB-IoT RB.
2.2 Spurious response origin
This section further describes why any radio might generate spurious response in the close presence of a CW signal.
Figure 2 shows the structure for a generic (simplified) receiver.
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Figure 2: Generic receiver architecture
Any signal present at the antenna that passes through the bandpass filter is frequency converted in the mixer. Considering the above simplified receiver the output will be as shown in Figure 3.
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Figure 3: Received signals before and after a generic receiver
But this is assuming the LO is ideal, while any real LO has phase noise and in some cases spurs. This is depending on radio design. Following Figure 4 is a snapshot of an “old” synthetizer which has such spurious response.
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Figure 4: Receiver spurious reponse example
Such spurious response existence, position and amplitude are depending on the LO design: e.g. old integer-PLL synthesizers have spurs, leakages on the circuit board could cause spurs, …

When the LO is not ideal, the output is reciprocal mixing of the input signal and LO. Figure 5 shows the output of the CW-signal, while Figure 6 shows the output of a modulated signal.
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Figure 5: Received CW signal after receiver
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Figure 6: Received modulated signal after the receiver
For the modulated signal, each signal component is mixed with the LO so the output at each frequency is the sum of the contributions from all mixer products. This means that the spur is not a spur anymore as it is modulated with the modulated signal. As a result of this, the spur level is not a problem anymore as the energy is spread out over a bandwidth.

 But with a CW-signal close to a wanted LTE-signal, it will affect the performance.
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Figure 7: NB intermodulation: the wanted signal and CW signal after receiver
Figure 7 illustrates a wanted signal (green) with the presence of a close interfering CW signal. The phase noise might (slightly) affect the sub-carrier(s) at the edge of the LTE-signal. But if the spur hits a NB-IoT sub-carrier, impact is not neglictable anymore.

For LTE, this is not an issue as we consider the full (green) BW, but for NB-IoT it is as it’s only one sub-carrier.
2.3 Impact on NB intermodulation requirement

The NB intermodulation requirement is about intermodulation image impact and testing; the CW signal is used to generate this IMD product from a E-UTRA PRB and would not exist in real deployment. Spurious response is a side effect due to the CW signal proximity and high power. This spurious response might or not be visible depending on the receiver’s design and would not exist when using an “ideal” receiver. 
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Figure 8: Spurious response issue
For E-UTRA, such spurious response has no impact on the overall performance. One would only hit one sub-carrier, while E-UTRA signal is made of many ones. This won’t so be noticeable in the E-UTRA performance.
For NB-IoT, the UL signal could only be one sub-carrier wide. So, any spurious response hitting a sub-carrier would disturb measurement and impact performances. 
As mentioned before, the NB intermodulation requirement’s goal is not to check robustness against generated spur(s) from a CW signal which is used to generate the intermodulation image, but to check system robustness against the intermodulation image from a narrowband interferer signal. Spur generated from CW signal should not then be considered as impacted performances for narrowband intermodulation requirement.
2.4 IM3 generation
There are several third order intermodulation products generated when considering a CW signal and a single resource block from an adjacent E-UTRA system, as shown in Figure 9. 
The “IM3 Left” product will be 180 kHz wide while the “IM3 Right” will be 360 kHz wide. Both IM3 products have same characteristics and same integrated power. But due to the bandwidth difference, PSD is different. This results in a lower intermodulation power on the wanted signal: if “IM3 Right” has Pim3 power, the “IM3 Left” product has Pim3 – 3dB power.

Figure 10 is equivalent of Figure 9, just mirroring this Figure 9, to faciliate later understanding.
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Figure 9: IM3 products generated from a CW signal and a E-UTRA PRB
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Figure 10: Figure 8 mirrored
When considering narrowband intermodulation requirement for E-UTRA, RAN4 specified aggressor signals’ offset in a way that the IM3 products overlaps the PRB edge from the victim. The interferers’ mean power was set to -52 dBm considering it was low probability it might be higher.
2.5 Proposal to address the spurious reponse potential issue

2.5.1 Description
As previously described in 2.4, the narrowband imtermodulation requirement is specified using the “IM3 Left” product (from Figure 9), using (2f0-f2) and (2f0-f1) to define the product’s border.
But the other product “IM3 Right” generated could also be used instead, using (2f1-f0) and (2f2-f0) to define the product’s border. The CW signal would then be positioned after the E-UTRA PRB.

The drawback using this other product is that, it would be twice the bandwidth resulting in a 3 dB lower power level in the wanted signal bandwidth. The fact the IMD image is wider is not an issue for NB-IoT narrowband intermodulation requirement, the complete NB-IoT PRB will still be fully overlapped by the IMD. And to compensate the 3 dB power loss, both interferers’ signal power could just be increased with the same value of 1 dB.
Our proposal would be so, evaluation when testing the narrowband intermodulation requirement and when a spurious reponse hits the NB-IoT subcarrier under test, to consider the alternate requirement instead and check this NB-IoT sub-carrier would then fulfill that alternate requirement. 
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Figure 11: NB intermodulation for NB-IoT with CW signal moved  to the other side of interferer LTE PRB
Figure 11 further illustrates that alternate requirement. Tables in Annex specifies the alternate CW frequency position and interferers’ power when considering NB-IoT operating in band (Table 7.8.1-3a), in guard band (Table 7.8.1-3b) and stadalone (Table 7.8.1-3c).

This alternate requirement is definitively not a relaxation of existing requirement, but an equivalent requirement. Further justifications are given in following section 2.5.2.

Proposal: Allow having one spurious responce hiting the wanted NB-IoT PRB for the NB-IoT narrowband intermodulation requirement in TS 36.104 and TS37.104. If such spurious response occurs, the NB-IoT subcarrier shall comply with an alternate narrowband intermodulation requirement which consists in moving the CW offset (to the corresponding value specified in Annex) and increasing interfers power with 1 dB.

2.5.2 Further justification

2.5.3 CW offset
The new proposed CW offsets are in the [1.8; 4.65] MHz range. Comparing to the existing CW offsets for the intermodulation requirement ([2.1; 7.125] MHz) , they are in the same range or even lower. This tends to prove that, with the new proposed offsets, the CW signal is not filtered nor affected, and so the intermodulation product would be correctly generated. If that wouln’t be the case, CW signal would also be filtered or altered for the legacy intermodulation requirement and it won’t be possible to test correctly this requirement.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

2.5.4 Filtering 

The intermodulation is generated in the analog part of the radio. No filtering before or in this part should reject the CW and the E-UTRA PRB signals to make sure both requirements (legacy and proposed alternate narrowband intermodulation requirements) are equivalent. 
To check this, we would go through the different filtering stages in E-UTRA radios and check potential impacts.

First, the bandpass filters (duplex filter) filters out the frequency band of interest. Those filters would determine the frequency range(s) for which the radio could support NB-IoT (manufacturer declaration). Any signal out of this band would so be strictly filtered. When testing the radio at B or T position, tests are not run on the band edge position: any specified interferer would be filtered by these bandpass filters. So, changing the CW offset for narrowband intermodulation won’t be impacted by bandpass filters.
Channel filtering is done in the digital domain where the signal first is shifted to baseband and then low-pass filtered. AS this filtering is not done in the analog domain, it would not filter the CW when placed in the suported band, changing CW offset would not have any impact on intermodulation generation.
The IF-filter would have a bandwidth equivalent to the bandwidth the ADC is supporting. Only very first E-UTRA BS prototypes might have very narrow bandwidth, no operating BS should be have implemented that narrow ADC and so IF-filter. The CW signal, placed as per today, or as proposed alternatively when there is spurious response, would not be filtered neither by the IF-filter.
There is so no filtering that would affect the proposed alternate CW offset values comparing to the legacy values, CW signal would not be filtered and narrowband intermodulation product would be generated in the same way, with same effect, as specified with the legacy narrowband intermodulation requirement.
2.6 Alternative: offset

In some emails exchange discussing previous contribution ([3]), it was proposed instead to move CW and E-UTRA PRB interferers with an additional offset, keeping the intermodulation product hitting the NB-IoT PRB, as shown on Figure 12. This would also move the spurious response from the considered NB-IoT sub-carrier.
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Figure 12: Narrowband intermodulation requirement adding supplementary offsets to move spuriours response from NB-IoT PRB
The benefit of this is that CW offset would only slightly increase compared to our alternate proposal. Interferers’ power won’t have to be increased as well.

The drawback is that, as the E-UTRA PRB would have to move as well, the E-UTRA carrier won’t be anymore exactly the adjacent carrier, but very close still.

This might be an acceptable proposal to address this surious response issue as it doesn’t relax narrowband intermodulation requirement neither: when spurious response occur on the tested NB-IoT sub-carrier, an additional offset of 180 kHz is added to specified CW offset, and an additional 360 kHz offset is added to the E-UTRA PRB interferer.
3 Conclusion
In this contribution, we highlighted potential spurirous response issue when testing NB-IoT narrowband intermodulation requirement due to the proximity of the CW signal. We discussed in details origin of this spurious response and propose an alternate narrowband intermodulation requirement without relaxing the legacy one.

Proposal: Allow having one spurious responce hiting the wanted NB-IoT PRB for the NB-IoT narrowband intermodulation requirement in TS 36.104 and TS37.104. If such spurious response occurs, the NB-IoT subcarrier shall comply with an alternate narrowband intermodulation requirement which consists in moving the CW offset (to the corresponding value specified in Annex) and increasing interferers’ power with 1 dB.
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5 Annex
Table 7.8.1-3a: Narrowband intermodulation performance requirement for Wide Area BS for E-UTRA with NB-IoT in-band operation BS
	E-UTRA

channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering RB centre frequency offset from  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [kHz]
	Type of interfering signal

	1.4
	PREFSENS + 6dB*
	-52
	±270
	CW

	
	
	-52
	±790
	1.4 MHz E-UTRA signal, 1 RB**

	3
	PREFSENS + 6dB*
	-51
	
±1800
	CW

	
	
	-51
	±780
	3.0 MHz E-UTRA signal, 1 RB**

	5
	PREFSENS + 6dB*
	-51
	
±2460****
	CW

	
	
	-51
	±1060
	5 MHz E-UTRA signal, 1 RB**

	10
	PREFSENS + 6dB*

(***)
	-51
	
±3070****
	CW

	
	
	-51
	±1240
	5 MHz E-UTRA signal, 1 RB**

	15
	PREFSENS + 6dB*

(***)
	-51
	
±4040****
	CW

	
	
	-51
	±1600
	5MHz E-UTRA signal, 1 RB**

	20
	PREFSENS + 6dB*

(***)
	-51
	
±4650****
	CW

	
	
	-51
	±1780
	5MHz E-UTRA signal, 1 RB**

	Note*:
PREFSENS depends on the sub-carrier spacing as specified in Table 7.2.1-5.
Note**:
Interfering signal consisting of one resource block positioned at the stated offset, the channel bandwidth of the interfering signal is located adjacently to the lower/upper Base Station RF Bandwidth edge.

Note***:
This requirement shall apply only for a FRC A1-3 mapped to the frequency range at the channel edge adjacent to the interfering  signals.
Note***:
The frequency offset should be adjusted to accommodate the IMD product to fall in the NB-IoT RB for NB-IoT guard band operation.


Table 7.8.1-3b: Narrowband intermodulation performance requirement for Wide Area BS for E-UTRA with NB-IoT guard band operation BS
	E-UTRA

channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering RB centre frequency offset from  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [kHz]
	Type of interfering signal

	1.4
	PREFSENS + 6dB*
	-52
	±270
	CW

	
	
	-52
	±790
	1.4 MHz E-UTRA signal, 1 RB**

	3
	PREFSENS + 6dB*
	-52
	±270
	CW

	
	
	-52
	±780
	3.0 MHz E-UTRA signal, 1 RB**

	5
	PREFSENS + 6dB*
	-51
	
±2460****
	CW

	
	
	-51
	±1060
	5 MHz E-UTRA signal, 1 RB**

	10
	PREFSENS + 6dB*

(***)
	-51
	
±3070****
	CW

	
	
	-51
	±1240
	5 MHz E-UTRA signal, 1 RB**

	15
	PREFSENS + 6dB*

(***)
	-51
	
±4040****
	CW

	
	
	-51
	±1600
	5MHz E-UTRA signal, 1 RB**

	20
	PREFSENS + 6dB*

(***)
	-51
	
±4650****
	CW

	
	
	-51
	±1780
	5MHz E-UTRA signal, 1 RB**

	Note*:
PREFSENS depends on the sub-carrier spacing as specified in Table 7.2.1-5.
Note**:
Interfering signal consisting of one resource block positioned at the stated offset, the channel bandwidth of the interfering signal is located adjacently to the lower/upper Base Station RF Bandwidth edge.

Note***:
This requirement shall apply only for a FRC A1-3 mapped to the frequency range at the channel edge adjacent to the interfering  signals.
Note***:
The frequency offset should be adjusted to accommodate the IMD product to fall in the NB-IoT RB for NB-IoT guard band operation.


Table 7.8.1-3c: Narrowband intermodulation performance requirement for Wide Area BS for NB-IoT standalone
	Channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering RB centre frequency offset from  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [kHz]
	Type of interfering signal

	0.2
	PREFSENS + 6dB*
	-51
	
±1960
	CW

	
	
	-51
	±880
	5MHz E-UTRA signal, 1 RB**

	Note*:
PREFSENS depends on the sub-carrier spacing as specified in Table 7.2.1-5.
Note**:
Interfering signal consisting of one resource block positioned at the stated offset, the channel bandwidth of the interfering signal is located adjacently to the lower/upper Base Station RF Bandwidth edge.
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