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1    Introduction
We have presented contributions to illustrate the necessity of SLSR and how to define the requirement for 5G NR BS [1] [2], and a WF on NR BS specific new requirements has been agreed on the RAN4 #81 meeting [3].
In this contribution, we suggest introducing new OTA requirements SLSR and FBR for 5G NR BS. 
2    Discussion
2.1 Beam forming related requirements
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The integration design of 5G NR BS will cause it unable to test the performance of antenna independently. Considering the characteristics of beam forming may affect interference suppression, steering tracking capability, etc., 5G NR BS OTA should consider introducing antenna beam forming related requirements, such as SLSR and FBR.
· Side lobe suppression ratio (SLSR)
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK10]The necessity of SLSR: As stated in [1] [2], in order to minimize the interference of side lobe in serving cell or neighbour cell, BS should limit the side lobe radiated power. SLSR is important to guarantee good system performance.
· [bookmark: OLE_LINK18]We propose to define SLSR as follows:
Side lobe suppression ratio (dB) = [EIRP in main lobe] dBm - [EIRP in side lobe] dBm.
The range of the side lobe is FFS.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Front-back-ratio (FBR)
· The necessity of FBR: According to the characteristics of beam forming, antenna also has back-lobe products. The back-lobe of antenna may cause cross-boundary coverage. FBR reflects the performance of antenna which is a very important parameter.
· We propose to define FBR as follows:
Front-back-ratio (dB) = [EIRP in main lobe] dBm - [EIRP in back lobe] dBm.
Generally, the range of the back lobe is 180°±30° in azimuth plane.
SLSR and FBR can reflect the antenna characteristics of beam forming, and guarantee the system performance. We suggest that SLSR and FBR should be included in the scope of RAN4 specifications for 5G NR BS.
Observation 1: SLSR and FBR are necessary for 5G NR BS, and the above formulas could be considered when defining the requirements.
Proposal 1: SLSR and FBR should be included in the scope of RAN4 specifications for 5G NR BS.
2.2 Potential methodology
The proper requirement of SLSR and FBR will be determined via a good compromise of RF characteristics and deployment requirements. We did some initial simulations for further analysis.
· RF characteristics
From the point of the RF characteristics, we did some simulations to see the achievable performance of SLSR and FBR for 5G NR BS based on the following assumptions.
· Simulation assumptions:
3.5GHz
The total number of array element: 128 
RF channel: 32 
The antenna configuration: (M,N,P,Mg,Ng) =  (8,8,2,1,1). (dH,dV) = (0.5, 0.8)λ
[image: 1.PNG]
Figure 1: The corresponding relationship of RF channel and antenna array (3.5GHz)
30GHz 
The total number of array element: 256 
RF channel: 32 
The antenna configuration: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dH,dV) = (0.5, 0.5)λ
[image: ]
Figure 2: The corresponding relationship of RF channel and antenna array (30GHz)
· Simulation results:
SLSR and FBR performance can be evaluated through simulations. Figure 3 and Figure 4 show the simulation results of antenna pattern.
[image: 1.bmp] [image: C:\Users\new_tech\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\2.bmp]
Figure3: 3.5GHz antenna pattern                                       Figure4: 30GHz antenna pattern
Table 2-1: SLSR and FBR simulation results
	Steering Angle is 0°
	SLSR
	FBR

	3.5GHz Antenna model
	19.8 dB
	35.7 dB

	30 GHz Antenna model
	19.9 dB
	33 dB


Note that we don’t intend to specify the numbers in Table 2-1 as requirements of SLSR and FBR We just suggest that the achievable performance of SLSR and FBR can be evaluated by simulation. And such performance can be considered as reference when defining requirements.
Observation 2: The achievable performance of SLSR and FBR for 5G NR BS can be evaluated by simulation.
Defining the requirements of SLSR and FBR also need to consider the effects of beam steering angle, the following simulation may not be accurate but shows a relation of steering angle and antenna pattern. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK17]In figure 5, different colours represent different antenna patterns of steering Angle.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Figure 5: The corresponding relationship of steering angle and antenna pattern
[image: ]
Table 2-2 shows the SLSR and FBR degradation caused by the steering angle.
Table 2-2: SLSR and FBR simulation results
	Steering angle
	10°
	20°
	30°
	40°
	50°
	60°

	SLSR degradation   (dB)
	0.1
	0.39
	0.76
	1.33
	2.23
	3.42

	FBR degradation     (dB)
	1.52
	12.73
	19.6
	9.98
	12.95
	15.8



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Simulation results show that changing the beam steering angle will affect SLSR and FBR. Increasing the steering angle, the requirements of SLSR and FBR are likely to be degraded.
[bookmark: OLE_LINK9][bookmark: OLE_LINK11]Observation 3: The achievable performance of SLSR and FBR may change according to the different steering angle.
[bookmark: OLE_LINK23][bookmark: OLE_LINK26]Proposal 2: The achievable performance of SLSR and FBR for 5G NR BS can be considered as reference to define the requirements.
· Deployment requirements
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Since the interference of side lobe leakage power and back-lobe leakage has a certain probability in real deployment network, we propose to use system level simulation to evaluate the requirements of SLSR and FBR. The simulation scenarios are shown in Figure 6 and 7, and methodology of simulation is proposed in [2]. The simulation results will be captured at the next meeting. 
[image: ]          [image: C:\Users\cmri\Desktop\SLSR天线仿真\2.PNG]
Figure 6: Layout for Dense Urban                           Figure 7: The interference of side lobe and back lobe in neighbor cell
Interference of side lobe and back lobe output power may cause the network performance degradation. From operator’s point view, it is important to guarantee the system throughput in practical network. So we suggest that defining the requirements of SLSR and FBR need to meet the demand of system deployment.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28] Proposal 3: The requirements of SLSR and FBR need to meet the demand of system deployment.
3   Conclusions
According to our analysis, we get the following observations and proposals. 
Observation 1: SLSR and FBR are necessary for 5G NR BS, and the above formulas could be considered when defining the requirements.
Proposal 1: SLSR and FBR should be included in the scope of RAN4 specifications for 5G NR BS.
Observation 2: The achievable performance of SLSR and FBR for 5G NR BS can be evaluated by simulation.
Observation 3: The achievable performance of SLSR and FBR may change according to the different steering angle.
Proposal2: The achievable performance of SLSR and FBR for 5G NR BS can be considered as reference to define the requirements.
Proposal 3: The requirements of SLSR and FBR need to meet the demand of system deployment.
4   References
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]R4-167437, Consideration on metric for 5G NR BS output power, CMCC
R4-1609726, Discussion on side lobe suppression ratio defining for 5G NR, CMCC
R4-1610576,  WF on NR BS specific new requirements, NTT DOCOMO, INC., CMCC
image2.png
1

I

RXXXXX
23,2223
XX XXX
232 2.2

23 2 0 2 2 2 3
ARRRXXXXX
RRXXXXXX
ARRRXKXXXX

RRRRKXXX
RRXXXXXX
HRXXXXXX
RRRRXXKNKX

RRRXRKXXKX
RRRXXKRXKXX
KRXXXXXX
RRXXXXXX




image3.png
Radiation Pattern 1

130

setup1
Fri

64_UNIT
Curvenfo
— dB(RealizedGainTotal)
LastAdapiive
5GHZ Phi=0deg”
%0
Thela | Ang | Wag
00000 | 00000 | 24477

-




image4.png
Radiation Pattern 1 HFSSDesign1  *
Gurve Info
— as(GainTota)

Setup - Lastadaptive.
Freq=30GHz Phi=30deq’

Ang | Wag
0.0000 |26.5085
180.0000 |-7.0380
~11.0000 | 66780
17,0000 | 14427
24,0000 |-06944
31,0000 |-1.6608
39,0000 | 52679
~43.0000 | 56897
60,0000 |-07159
78,0000 | 54112
1060000 | 9.1861

130




image5.png




image6.emf
Macro

R

R:radius of UE dropping within a Micro BS

D

micros

:distance between the micro BSs

D

m

i

c

r

o

Micro


image7.png




image1.png
KXHK K AKX
HXHX KXAKXK
KXHK K KAK
KXHXK K AKX
KXHKK K XXX
KXKK KXKX

HAXKXXK
KXXX
;\A“IATI
HE





