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1    Introduction
In last RAN4 meeting, it’s proposed to define a new requirement of side lobe suppression ratio (SLSR) for 5G NR BS to reduce the co-channel interference both in the serving cell and neighbour cell [1]. In this contribution, we further discuss the potential factors affecting SLSR as well as the methodology to define it.
2    Discussion
2.1 Definition
As stated in [1], SLSR is important for guarantee good system performance. In EUTRA, we could address the SLSR requirement in antenna performance specification outside 3GPP. However, since the antenna will be integrated in 5G NR BS at least for BS operating in mm-wave frequencies, we need to define the SLSR for 5G NR BS in 3GPP. 
According to [1], we propose to define SLSR as follows:
Side lobe suppression ratio (dB) = [EIRP in main lobe] dBm - [EIRP in side lobe] dBm. 
Observation 1: SLSR is proposed to be defined by the above formula for 5G NR BS.
2.2 Affecting factors
· Antenna array
According to the manufacturing experience and design principle of the antenna array, following factors will affect SLSR.
· The total number of array element
· Panel size
· Minimum beam width
· The Antenna Gain
· The antenna configuration: M, N, P, Mg, Ng and dg.V, dg.H
(Antenna configuration parameters as shown below)
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Figure1: Antenna configuration parameters
We have simulated and compared the value of SLSR with different number of antenna array elements.  The antenna modelling are selected from the agreed way forward of BS antenna simulation model [2]. The initial simulation results show that the difference of SLSR is about 3 dB due to the different number of antenna elements.
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]Antenna modeling A:  30GHz Dense urban and Urban macro
Baseline: Only one panel is assumed, (NV,NH) = (8,16). 
        (dV,dH) = (0.5, 0.5)λ.
       An additional 3dB gain is added to the total beam forming gain to account for the two polarization directions. 
· Antenna modeling B:   30GHz Indoor hotspot
  Baseline: Only one panel is assumed, (NV,NH) = (4, 8). 
(dV,dH) = (0.5, 0.5)λ.
An additional 3dB gain is added to the total beam forming gain to account for the two polarization directions. 
Generally speaking, the more array elements we use the better SLSR performance we could achieve. Further studies are needed to evaluate the typical SLSR performance of 5G NR BS under different deployment scenarios.
· Phase error
Phase error is an important factor affecting the SLSR, which is determined by the following factors. 
· Phase shifter: comparing to traditional E-UTRA RF architecture, 5G NR BS will use both analogue beamforming and digital beamforming at least in mm-wave antenna design. As shown in figure 2, the phase shifter will be used in the phase shifting network. The phase shifter determines the phase difference of the radiating elements. 

Figure 2: Phase shifting network of 5G NR above 6GHz (Example)
· RF components and feeding network will also affect the phase error. 
· Manufacturing process will also affect the phase accuracy of components and array elements.
Observation 2: Antenna array parameters and phase error should be considered to define the requirement of SLSR.
2.3 Potential methodology
The proper requirement of SLSR will be determined via a good compromise of RF characteristics and deployment requirements. 
· RF characteristics 
The RF characteristics like antenna array and phase error should be carefully considered when we evaluate the performance of SLSR performance of 5G NR BS. More simulation and test results are needed. 
· Deployment requirements
As shown in figure 3 and figure 4, the SLSR will cause co-channel interference not only in the serving cell but also in the neighbouring cell. We need to define a proper SLSR requirement to control a reasonable throughput loss. 
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Figure 3: The interference of side lobe in serving cell                     Figure 4:  The interference of side lobe in neighbor cell
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Since the interference of side lobe leakage power has a certain probability in real deployment network, we propose to use system level simulation to evaluate the relationship between SLSR and throughput loss.
· Deployment scenarios and antenna modeling: a way forward on dense urban layout and BS beamforming model was approved in last meeting [2]. The deployment scenarios and antenna modeling could be used as a baseline.
· Evaluation criterion: the throughput loss of serving cell and the throughput loss of neighboring cell
We have already defined some mandatory requirements for TD-LTE dual-polarized smart antenna to control the unwanted interference in the network, e.g. SLSR and front-to-rear ratio. Considering the manufacturing process and deployment requirement, we finally define a SLSR value of 16dB in our enterprise antenna specification. All antennas should pass this requirement. 
Observation 3: The proper requirement of SLSR will be determined via a good compromise of RF characteristics and deployment requirements. 
3   Conclusions
According to our analysis, we get the following observations, which are proposed to be captured in the ongoing studies. 
Observation 1: SLSR is proposed to be defined by the given formula for 5G NR BS.
[bookmark: _GoBack]Observation 2: Antenna array parameters and phase error should be considered to define the requirement of SLSR.
Observation 3: The proper requirement of SLSR will be determined via a good compromise of RF characteristics and deployment requirements. 
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