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1    Introduction
The ACLR is one of the most important RF requirements for 5G NR. This paper analyses the ACLR for 5G NR based on potential RF reference architecture above 6GHz. We present some initial consideration in this paper. 
2    Discussion
2.1 The ACLR of 5G NR
·  RF reference architecture of 5G NR
The architecture of 5G NR is a hot topic, especially for high frequency above 6 GHz. Comparing to traditional E-UTRA RF architecture, the RF architecture of NR has two main different characteristics.
· Phase shifting network: phase shifter is needed to compensate the performance gap of mm-wave system. System antenna is an array of radiating elements, the relative amplitude and phase of each of the elements is determined by phase shifter.
· Hybrid beam forming: for mm-wave, it is proposed to use a combination of digital + analog for beam forming. To implement this, system needs increasing analog components and beam forming algorithm accordingly. Although there may be some lose of beam forming flexibility, it can lead to reducing costs and improving product realization. Therefore, hybrid beam forming is more suitable for 5G NR of high frequency applications.

Taking the above two characteristics into account, the following reference architecture for NR in mm-wave is given. Figure 1 and Figure 2 compare two kinds of reference architecture.



Figure 1: The reference architecture of traditional E-UTRA (Example)

 

Figure 2: The reference architecture of 5G NR above 6GHz (Example)

The beam forming impact on ACLR is analyzed in the following section by using the reference architecture shown in Figure 2. The frequency is centered at 30GHz and the channel bandwidth is 200MHz in the following simulation.
· ACLR without beam forming
The simulation results are conduct by using SystemVue. The simulation link includes baseband, digital IF, transceiver, phase shifting network, PA, filter and array antenna.  Figure 3 shows the simulation result of ACLR without beam forming based on EIRP measurements. 
[image: C:\Users\cmcc\Desktop\0811文稿\5G ACLR截图\one Antenna.PNG]
[image: C:\Users\cmcc\Desktop\0811文稿\5G ACLR截图\ACLR.PNG]
[bookmark: _Ref442443332]Figure 3: ACLR without beam forming based on EIRP measurements (30GHz). 
The result shows that the ACLR = -51.3dBc@power = 22dBm. Because some parameters of 5G NR is undefined, this ACLR may not be accurate. However, it can be used as a reference to help to analyze the effect of beam forming.
· ACLR with beam forming
We built phase shifting network in simulation link which is used for conducting the ACLR performance of beam forming. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2] Figure 4 shows the simulation result of ACLR with beam forming based on EIRP measurements. 



Figure 4: ACLR with beam forming based on EIRP measurements (30GHz). 
Above simulation results of ACLR with beam forming shows that the ACLR =51.4dBc@power=40dBm. For this case, the increase of output power is due to the 64 antenna array gain, while the ACLR change little compared to without beam forming case. Hence, simulation shows that the main lobe ACLR is not flat in space for 5G NR.
Observation 1:  the main lobe ACLR is not flat in space for 5G NR.

2.2 The ACLR of side lobe

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Beside the main beam, we also simulate the ACLR performance of side lobe. Figure 5 shows the beam of 3D model as below


Figure 5: The beam of 3D model
In order to simulate the ACLR of side lobe, we fixed the direction of main lobe of the beam, and then change the azimuth angle between ACLR tester and main lobe. The simulation results are as follows.
    
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Figure 6:    The azimuth angle is 5 °(ACLR=51dBc)                    Figure 7:  The azimuth angle is 20°(ACLR=51dBc)
  
Figure 8:   The azimuth angle is 35 ° (ACLR=51dBc)                     Figure 9: The azimuth angle is 40 ° (ACLR=51dBc)   
It is shown that although the signal power reduces compared to the main lobe, the ACLR performance is nearly unchanged. Simulation shows side lobe ACLR is also not flat in space for 5G NR.

Observation 2: side lobe ACLR is also not flat in space for 5G NR.

3   Conclusions
[bookmark: _GoBack]The following initial observation is based on the simulation.
Observation 1:  the main lobe ACLR is not flat in space for 5G NR.
Observation 2: side lobe ACLR is also not flat in space for 5G NR.
4   References
image3.png
1972

7.287

5142

1757

3D (SimulatedBeam)

008

02

Spectrum Power (S1) (dBm)

20.5

Fre

20
GHZ;

0.5




image4.png
Rng 10 dBm
40
dBm

oghag

10
3
v

60 1 Ref 1

Center 30 GHz Spa
Res BW 10 MHz TimeLen




image5.png
3D (SimulatedBearn) S

o 20 =

87

2





image6.png
1 Ref 1

He sp
WMH: TirmeLer




image7.png
4dbm

1 Ref 1

30 GHz Sp
W10 MHz TirmeLer




image8.png
1 Ref 1

Hz Span
WMH: TirmeLen 3¢




image9.png
dBrn

1 Ref 1

0GHz Span 1
10 MHz TirmeLen 38




image1.png
25058013

12226013

12050014

1.4630-013

28060013

3D (SimulatedBeam)

2 s
=000
% 088349000
2643
Qze1a 30
3
300
R “
j<3 A
& >

£
5
A
o
I}
E
5
&
€
2
-
]
2
&

100 -

20.5

T
20
EFron (CH>)

0.5




image2.png
Fng 10 dBm
20
dBm

ogMag

10
3
v

80 1 Ref 1

Center 30 GHz sp
Res BW 10 MHz TirmeLer




