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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, using a high power CW signal to genrate the IMD image on the NB-IoT PRB from a narrowband interferer, spurs might be generated depending on radio design. 
This contribution further discusses this spurs issue for NB intermodulation and proposes CR to existing core and tests specifications. 
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 Spurs emission
Due to CW signal’s proximity and output power, the CW signal might generate or not spurs. Origin of these spurs is the DC/DC, depending on switching frequencies from voltage supplies (specially on old radio platform). Note there would be only one spike per spur occurrence, its power decreases quickly with distance to CW signal.
Figure 2 shows such spur in NB-IoT PRB.
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Figure 2: Spectrum for NB-IoT RB  when a CW-signal is present at 340 kHz offset from band edge.
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. Spur is a side effect due to the CW signal proximity and high power. This spur might or not be visible depending on the receiver’s design and would not exist when using an “ideal” receiver. 

For E-UTRA, such spur has no impact on the overall performance. One spur would only hit one sub-carrier, while E-UTRA signal is made of many ones. This won’t so be visible in the E-UTRA performance.
For NB-IoT, the UL signal could only be one sub-carrier wide. So, any spur 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 Proposed changes
There are  2 possibilities to address this issue; both are further discussed in the next sub-sections.
2.4.1 1st option: consider adjacent subcarrier when testing

Such spur should be allowed and mentioned in TS 36.104 and TS 37.104. When testing (TS 36.141 and TS 37.141), if such spur occurs on the tested NB-IoT subcarrier, narrowband intermodulation test should then be done on the adjacent sub-carrier instead, like illustrated on Figure 3. 
According to TS 36.141 and TS 37.141, when testing narrowband intermodulation requirement, test shall be done using the NB-IoT sub-carrier at the edge of the NB-IoT PRB. If CW spur hits that subcarrier at the edge, this  option would propose to test with the adjacent sub-carrier instead. And if the test with that adjacent sub-carrier is passed, then narrowband intermodulation test should be considered as passed; narrowband interodulation requirement would be supported.
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Figure 3: Consider adjacent NB-IoT sub-carrier when testing narrowband intermodulation when CW spur hit the NB-IoT sub-carrier at the edge

2.4.2 2nd option: use an alternate NB-IoT narrowband intermodulation requirement when there is a spur
To generate the E-UTRA PRB IMD image in the NB-IoT PRB, current narrow band intermodulation requirement is using formula: FoffNB-IoT = 2 * FoffCW  - FoffLTE.
But IMD could also be generated at same frequency location, reusing following alternative formula: FoffNB-IoT = 2 * FoffLTE - FoffCW. The CW signal would then be positioned after the E-UTRA PRB, as illustrated in Figure 4.

The drawback using this formula is that, IMD would be twice larger in frequency with 3 dB less power (both IMD should have same PSD). 

The fact the IMD image is larger 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.
So, with current narrowband intermodulation requirement, when such spur occurs, we just need to reuse the alternate requirement and check the tested NB-IoT sub-carrier would then fulfill that alternate requirement. 
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Figure 4: NB intermodulation for NB-IoT with CW signal moved  to the other side of interferer LTE PRB
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).

We would propose this 2nd approach to address this spur issue: all NB-IoT sub-carriers would still be correctly tested against narrowband intermodulation requirement.

3 Conclusion
In this contribution, we highlighted potential spurs issue when testing NB-IoT narrowband intermodulation requirement due to the proximity of the CW signal, and discussed 2 alternatives.

To address this issue, we are proposing to agree on following proposals.
Proposal1: Allow having one spur hiting the wanted NB-IoT PRB for the NB-IoT narrowband intermodulation requirement in TS 36.104 and TS37.104. 
Proposal2:  When testing narrowband intermodulation requirement, if spur occurs on the sub-carrier under test, this test should be redone considering the alternate narrowband intermodulation requirement, as specified in Annex.
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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*
	-49
	
±1800
	CW

	
	
	-49
	±780
	3.0 MHz E-UTRA signal, 1 RB**

	5
	PREFSENS + 6dB*
	-49
	
±2460****
	CW

	
	
	-49
	±1060
	5 MHz E-UTRA signal, 1 RB**

	10
	PREFSENS + 6dB*

(***)
	-49
	
±3070****
	CW

	
	
	-49
	±1240
	5 MHz E-UTRA signal, 1 RB**

	15
	PREFSENS + 6dB*

(***)
	-49
	
±4040****
	CW

	
	
	-49
	±1600
	5MHz E-UTRA signal, 1 RB**

	20
	PREFSENS + 6dB*

(***)
	-49
	
±4650****
	CW

	
	
	-49
	±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*
	-49
	
±2460****
	CW

	
	
	-49
	±1060
	5 MHz E-UTRA signal, 1 RB**

	10
	PREFSENS + 6dB*

(***)
	-49
	
±3070****
	CW

	
	
	-49
	±1240
	5 MHz E-UTRA signal, 1 RB**

	15
	PREFSENS + 6dB*

(***)
	-49
	
±4040****
	CW

	
	
	-49
	±1600
	5MHz E-UTRA signal, 1 RB**

	20
	PREFSENS + 6dB*

(***)
	-49
	
±4650****
	CW

	
	
	-49
	±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*
	-49
	
±1960
	CW

	
	
	-49
	±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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