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1.
Introduction

Some issues have been identified on the calculation of the interfering signal frequency offsets for the receiver intermodulation requirements. This contribution discusses the identified issues and provides our proposal to rectify them in the related technical report and specifications.
2.
Discussion

It is unclear how the interfering signal frequency offsets for the receiver intermodulation requirements are calculated. The calculation methodology was discussed in [1, 2], but nothing has been recorded in TR 38.817-02 [3] about it, except the following statement which gives some hints:

-
The offsets between the CW and modulated interfering signal centre frequency and the nominal band edge of the wanted carrier specified to ensure the intermodulation products fall (almost) on the edge resource blocks of an operating BS channel bandwidth and avoid orthogonality between sub-carriers of wanted and interfering signal.

We have further studied the current interfering signal frequency offsets specified in TS 38.104 [4], but found that there are some inconsistencies on applying the above statement; and more importantly, the current frequency offsets for the modulated interfering resource block for the narrowband intermodulation requirement are way too large for >50 MHz wanted signal channel bandwidth, such that the resultant intermodulation products fall too far away from the wanted signal edge resource blocks where they are targeted to be. Note that the criterion to have the intermodulation products fall on the wanted signal edge resource block was adopted from the E-UTRA specifications considering this is the worst case for testing the receiver intermodulation requirements.
The distance (in kHz) between the resultant intermodulation products edge (with the current interfering signal frequency offsets) and the wanted signal edge resource block edge (with different sub-carrier spacings) are shown in the tables below. Note that a positive distance means the intermodulation products edge is lower than the wanted signal edge resource block edge, while a negative distance means the intermodulation products edge is higher than the wanted signal edge resource block edge.
Table 1: Interfering signals for general intermodulation requirement

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Interfering signal centre frequency offset from the lower/upper Base Station RF Bandwidth edge (MHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 15 kHz sub-carrier spacing

(kHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 30 kHz sub-carrier spacing

(kHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 60 kHz sub-carrier spacing

(kHz)

	5
	±7.5
	0
	0
	N/A

	
	±17.5
	
	
	

	10
	±7.45
	30
	-60
	-420

	
	±17.5
	
	
	

	15
	±7.43
	0
	0
	-360

	
	±17.5
	
	
	

	20
	±7.38
	30
	-60
	-600

	
	±17.5
	
	
	

	25
	±7.45
	30
	120
	-420

	
	±25
	
	
	

	30
	±7.43
	0
	0
	180

	
	±25
	
	
	

	40
	±7.45
	0
	0
	-180

	
	±25
	
	
	

	50
	±7.35
	60
	60
	60

	
	±25
	
	
	

	60
	±7.49
	N/A
	0
	-180

	
	±25
	
	
	

	70
	±7.42
	N/A
	0
	0

	
	±25
	
	
	

	80
	±7.44
	N/A
	0
	0

	
	±25
	
	
	

	90
	±7.43
	N/A
	60
	60

	
	±25
	
	
	

	100
	±7.45
	N/A
	60
	60

	
	±25
	
	
	


Table 2: Interfering signals for narrowband intermodulation requirement

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Interfering signal centre frequency offset from the lower/upper Base Station RF Bandwidth edge (MHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 15 kHz sub-carrier spacing

(kHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 30 kHz sub-carrier spacing

(kHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 60 kHz sub-carrier spacing

(kHz)

	5
	±360
	360
	0
	N/A

	
	±1420
	
	
	

	10
	±325
	720
	270
	-90

	
	±1780
	
	
	

	15
	±380
	360
	0
	-360

	
	±1600
	
	
	

	20
	±345
	540
	90
	-450

	
	±1780
	
	
	

	25
	±325
	720
	360
	-360

	
	±1990
	
	
	

	30
	±320
	660
	210
	-330

	
	±1990
	
	
	

	40
	±310
	1440
	990
	90

	
	±2710
	
	
	

	50
	±330
	1800
	1350
	630

	
	±3250
	
	
	

	60
	±350
	N/A
	2070
	1170

	
	±3790
	
	
	

	70
	±400
	N/A
	2910
	2190

	
	±4870
	
	
	

	80
	±390
	N/A
	2970
	2250

	
	±4870
	
	
	

	90
	±340
	N/A
	4010
	3290

	
	±5770
	
	
	

	100
	±340
	N/A
	4050
	3330

	
	±5770
	
	
	


The following observations can be made from the tables above:

· It is impossible to have a single pair of frequency offsets for each wanted signal channel bandwidth such that the resultant intermodulation products fall on the wanted signal edge resource block with all sub-carrier spacings defined for the wanted signal channel bandwidth, because of the different spectrum utilization with different sub-carrier spacings.
· For the narrowband intermodulation requirement with >20 MHz wanted signal channel bandwidth, the frequency offsets for the modulated interfering resource block match the resource block centre positions with 15 kHz but not 30/60 kHz sub-carrier spacing of the 20 MHz interfering signal. This is because the resource block grids of the 20 MHz interfering signal do not match between the 15 kHz and 30/60 kHz sub-carrier spacings, and the resource block center positions with 30/60 kHz sub-carrier spacing are the resource block edge positions with 15 kHz sub-carrier spacing:
· For 15 kHz sub-carrier spacing, the resource block center positions from the lower channel bandwidth edge are (in kHz): 550,730,910,1090,1270,1450,1630,1810,1990,2170,2350,2530,2710,2890,3070,3250,3430,3610,3790,3970,4150,4330,4510,4690,4870,5050,5230,5410,5590,5770,5950
· For 30 kHz, the resource block center positions from the lower channel bandwidth edge are (in kHz): 1000,1360,1720,2080,2440,2800,3160,3520,3880,4240,4600,4960,5320,5680,6040,6400
· For 60 kHz, the resource block center positions from the lower channel bandwidth edge are (in kHz): 1360,2080,2800,3520,4240,4960,5680,6400

· There are inconsistencies where the resultant intermodulation products fall on the wanted signal edge resource block among the different wanted signal channel bandwidth: for some wanted signal channel bandwidth like 5 and 15 MHz, the resultant intermodulation products fall on the wanted signal edge resource block with some sub-carrier spacings, while for the other wanted signal channel bandwidth like 10 and 20 MHz, the resultant intermodulation products do not fall on the wanted signal edge resource block with any sub-carrier spacings.
· For the narrowband intermodulation requirement with >50 MHz wanted signal channel bandwidth, the resultant intermodulation products fall very far away from the wanted signal edge resource blocks, up to 4050 kHz (>11 resource blocks) away for the 100 MHz wanted signal channel bandwidth, because of the very large frequency offsets for the modulated interfering resource block.
3.
Proposal
To solve the issues identified above, we propose to formula the calculation methodology of the the interfering signal frequency offsets for the receiver intermodulation requirements as follows.
3.1
General receiver intermodulation requirement

For the general receiver intermodulation requirement, the frequency offset of the modulated interfering signal centre frequency from the lower/upper Base Station RF Bandwidth edge is calculated by the following equation:
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Where

BWinterferer = Channel bandwidth of the modulated interfering signal (in MHz)

The modulated interfering signal resource blocks should be placed adjacent to the transmission bandwidth configuration edge which is closer to the Base Station RF Bandwidth edge.
Then the frequency offset of the CW interfering signal from the lower/upper Base Station RF Bandwidth edge is calculated by the following equation to ensure the intermodulation products fall (almost) on the edge resource blocks of the operating BS channel bandwidth at least with the lowest SCS defined for the wanted signal channel bandwidth:
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Where

Gwanted = Minimum guardband with the lowest SCS defined for the wanted signal channel bandwidth (in MHz)

Ginterferer = Minimum guardband with the lowest SCS defined for the interfering signal channel bandwidth (in MHz)

The lowest SCS defined for the wanted signal channel bandwidth is targeted here, as the resultant intermodulation products may fall partly outside the wanted signal resource blocks if the highest SCS (which is optional for UE to support) is targeted.
In case the frequency offset of the CW interfering signal is too close to the lower/upper Base Station RF Bandwidth edge, the modulated interfering signal centre frequency is increased by 5 MHz, so that the frequency offset of the CW interfering signal from the lower/upper Base Station RF Bandwidth edge can then be increased by 2.5 MHz.

Therefore, the frequency offsets of the interfering signals are calculated in the table below. It can be seen from the table that with the proposed calculation methodology, the resultant intermodulation products consistently fall on the wanted signal edge resource block at least with the lowest SCS defined for the wanted signal channel bandwidth. Note that the changes compared to the current frequency offsets are highlighted in yellow.

Table 3: Interfering signals for general intermodulation requirement

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Interfering signal centre frequency offset from the lower/upper Base Station RF Bandwidth edge (MHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 15 kHz sub-carrier spacing

(kHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 30 kHz sub-carrier spacing

(kHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 60 kHz sub-carrier spacing

(kHz)

	5
	±7.5
	0
	0
	N/A

	
	±17.5
	
	
	

	10
	±7.465
	0
	-90
	-450

	
	±17.5
	
	
	

	15
	±7.43
	0
	0
	-360

	
	±17.5
	
	
	

	20
	±7.395
	0
	-90
	-630

	
	±17.5
	
	
	

	25
	±7.465
	0
	90
	-450

	
	±25
	
	
	

	30
	±7.43
	0
	0
	180

	
	±25
	
	
	

	40
	±7.45
	0
	0
	-180

	
	±25
	
	
	

	50
	±7.38
	0
	0
	0

	
	±25
	
	
	

	60
	±7.49
	N/A
	0
	-180

	
	±25
	
	
	

	70
	±7.42
	N/A
	0
	0

	
	±25
	
	
	

	80
	±7.44
	N/A
	0
	0

	
	±25
	
	
	

	90
	±7.46
	N/A
	0
	0

	
	±25
	
	
	

	100
	±7.48
	N/A
	0
	0

	
	±25
	
	
	


3.2
Narrowband receiver intermodulation requirement

For the narrowband receiver intermodulation requirement, the frequency offset of the modulated interfering RB centre frequency from the lower/upper Base Station RF Bandwidth edge is calculated by the following equation:
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Where

Gwanted = Minimum guardband with the highest SCS defined for the wanted signal channel bandwidth (in kHz)

SCSwanted = The highest SCS defined for the wanted signal channel bandwidth (in kHz)

RBinterferer = RB size with the highest SCS defined for the modulated interfering signal channel bandwidth (in kHz)

The modulated interfering RB centre frequency refers to the frequency location between the two central subcarriers. Although the highest SCS defined for the wanted signal channel bandwidth is targeted here, the resultant intermodulation products still fall wholly inside the wanted signal resource blocks with the lowest SCS, because the intermodulation products are only one RB wide.
In case the modulated interfering RB centre frequency does not align the RB grid of the adjacent channel with the lowest SCS defined for the modulated interfering signal channel bandwidth, the modulated interfering RB centre frequency is adjusted so that the modulated interfering RB will fall onto the closest RB position of the adjacent channel.

Then the frequency offset of the CW interfering signal from the lower/upper Base Station RF Bandwidth edge is calculated by the following equation to ensure the intermodulation products fall (almost) on the edge resource blocks of the operating BS channel bandwidth:
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Where
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 = Frequency offset of the modulated interfering RB centre frequency from the lower/upper Base Station RF Bandwidth edge after RB grid alignment (in kHz)
In case the frequency offset of the CW interfering signal is too close to the lower/upper Base Station RF Bandwidth edge, the modulated interfering RB centre frequency is increased by one RB size with the lowest SCS defined for the modulated interfering signal channel bandwidth, so that the frequency offset of the CW interfering signal from the lower/upper Base Station RF Bandwidth edge can then be increased by half of the RB size.

Therefore, the frequency offsets of the interfering signals are calculated in the table below. It can be seen from the table that with the proposed calculation methodology, the resultant intermodulation products consistently fall on the wanted signal edge resource blocks with the highest SCS defined for the wanted signal channel bandwidth. Note that the changes compared to the current frequency offsets are highlighted in yellow.
Table 4: Interfering signals for narrowband intermodulation requirement

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Interfering signal centre frequency offset from the lower/upper Base Station RF Bandwidth edge (MHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 15 kHz sub-carrier spacing

(kHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 30 kHz sub-carrier spacing

(kHz)
	Distance between intermodulation products edge and wanted signal edge resource block edge with 60 kHz sub-carrier spacing

(kHz)

	5
	±360
	360
	0
	N/A

	
	±1420
	
	
	

	10
	±370
	810
	360
	0

	
	±1960
	
	
	

	15
	±380
	720
	360
	0

	
	±1960
	
	
	

	20
	±390
	990
	540
	0

	
	±2320
	
	
	

	25
	±325
	1080
	720
	0

	
	±2350
	
	
	

	30
	±335
	990
	540
	0

	
	±2350
	
	
	

	40
	±355
	1350
	900
	0

	
	±2710
	
	
	

	50
	±375
	1170
	720
	0

	
	±2710
	
	
	

	60
	±395
	N/A
	900
	0

	
	±2710
	
	
	

	70
	±415
	N/A
	720
	0

	
	±2710
	
	
	

	80
	±435
	N/A
	720
	0

	
	±2710
	
	
	

	90
	±365
	N/A
	720
	0

	
	±2530
	
	
	

	100
	±385
	N/A
	720
	0

	
	±2530
	
	
	


4.
Conclusion

This contribution has discussed the identified issues on the calculation of the interfering signal frequency offsets for the receiver intermodulation requirements and provided our proposal to rectify them in the related technical report and specifications.

It is proposed to approve the calculation methodology of the interfering signal frequency offsets described in section 3, to ensure the resultant intermodulation products consistently fall on the wanted signal edge resource block with at least one of the sub-carrier spacing defined for the wanted signal channel bandwidth. The corresponding CRs the related technical report and specifications are provided in [5-8].
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