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1
Introduction 
In NR coexistence studies, spatially flat ACLR has been assumed for beamforming transmission with antenna array. In last RAN4 meeting, it was shown by measurements that IM3 products are beamformed in the same way as the wanted signal in the channel of interest [1]. However, this cannot generally conclude that the ACLR would be beamformed in the same direction as the wanted signal unless IM3 dominates the ACLR. In this contribution, we use a simple mathematical model to show that IM3 indeed is equally beamformed with the wanted signal, while the counter IM3 (CIM3) components which also contributes to ACLR would not always be beamformed in the same way as the wanted signal, depending on the phase-shifting architecture.     
2
Discussion
The basic principle of beamforming can be illustrated by Figure 2-1 where the radio signal from an antenna array can be directed in a specific propagation angle (let’s say ( off the bore sight) if all the signals reaching the tangential plane Y are of the same phase and being added up constructively.
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Figure 2-1 Conceptual illustration of beamforming with antenna array 
To fulfil this requirement, an incremental time delay 
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(N = 1, 2, …, n) would need to be introduced to the signal in each antenna element. Using single-tone as an example, the signal in each antenna element can then be written by,
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where the time delay can also be equated with a phase shift.
Depending on the radio architecture, the time delay or phase shift can be applied at different location along the signal path. In digital domain, both time delay and phase shift can be conveniently implemented for all frequency components. However, in RF domain, constant phase shifting for all frequency components may be less plausible.   
2.1 IM3

If IM3 occurs before phase shifting, they will be beamformed in the same direction as with the main tones. If IM3 occurs after phase shifting, the phase term of the IM3 products can be calculated by,
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or alternatively (with constant time delay)
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which shows that both lower and upper IM3 tones also experience the same time delay with the main tones. As a result, IM3 tones are expected to be beamformed in the same direction as with the main tones.

Notice that the beam squinting effect related to frequency dependent time delay was not considered in this analysis. Therefore, the observation may only be valid for narrow-band signal with 
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 in close frequency proximity.
Observation 1: IM3 is beamformed in the same direction as with main tones if not considering the beam squinting effect.

One further notice is that higher order close-in IMD products such as IM5, IM7, and etc. may also contribute to ACLR, though in general with less weighting as compared to IM3. From the similar analysis it can be shown that these higher order close-in IMD products would also be beamformed in the same direction as with the main tones.  

2.2 CIM3
Counter IM3 (CIM3) can result from both baseband 3rd order nonlinearity and RF 3rd order nonlinearity. In direct up-conversion transmitter, the baseband CIM3 and RF CIM3 would coincide at the same frequency location which can be within the ACLR range. For dual up-conversion transmitter, the baseband CIM3 location remains the same, while RF CIM3 would move away from baseband CIM3 by 2 times the first IF frequency which would be outside the ACLR range. Therefore, in RF CIM3 analysis, we only consider direct up-conversion transmitter architecture.

To describe the CIM3 mechanism, we start with a baseband tone as,
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Due to baseband circuit non-linearity, a 3rd order harmonic called baseband CIM3 would be produced which can be described by


[image: image12.wmf])

)

3

(

2

sin(

)

)

3

(

2

cos(

t

f

j

t

f

BB

BB

p

p

-


After frequency up-conversion by carrier center frequency
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, the main tone and CIM3 tone can be described by
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For RF CIM3, it is produced after frequency up-conversion where the mixing components are the main tone and the signal up-converted by 3rd harmonic of local oscillator which can be described by,
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The 3rd order inter-modulation would mainly be dominated by the power amplifier non-linearity and the frequency location can be calculated by,
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which aligns with baseband CIM3.

The relative frequency location of main tone and CIM3 tone is shown in Figure 2.2-1.
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Figure 2.2-1 Frequency location of CIM3 relative to main tone
For beamforming consideration, if the phase shift or time delay occurs after the CIM3 is produced, the CIM3 would be beamformed in the same direction as with main tone. 
If phase shift occurs in digital domain, that is,
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Both baseband and RF CIM3 would have (-3) times the phase shift against main tone. As a result, the CIM3 would not be beamformed in the same direction as with the main tone.
If the phase shift or time delay occurs after frequency up-conversion but before PA, based on the above analysis, it can be found that the RF CIM3 would also be beamformed in the same direction as with the main tone (similar to IM3).

Observation 2: CIM3 may or may not be beamformed in the same direction as with the main tone which depends on the phase-shifting architecture.

Table 2.2-1 summarizes our analysis results based on the simple mathematical model as described above.  

	Beamformed in the same direction as with main tone?

	 
	Phase shifting location

	
	Digital
	Before PA
	After PA
	LO

	IM3, IM5, …
	Yes
	Yes
	Yes
	Yes

	BB CIM3
	No
	Yes
	Yes
	Yes

	RF CIM3
	No
	Yes
	Yes
	Yes


Table 2.2-1 Summary of beamforming analysis for ACLR components  
3
Conclusion
In this contribution, we used a simple mathematical model to show that ACLR if contributed by CIM3 may not always be beamformed in the same direction as with wanted signal, depending on the phase-shifting architecture.
4
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