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1. Introduction
At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1], Self-Evaluation will provide the performance towards all the ITU-R IMT-2020 requirements as defined in Report ITU-R M.2410 [2]. As described in Report ITU-R M.2412 [3], the evaluation methodologies of mobility, connection density and reliability are based on “SLS + LLS” (system-level simulation followed by link-level simulation). The antenna modelling method for “SLS+LLS” needs to be clarified to facilitate the self-evaluation progress, considering that massive MIMO is an important technology in IMT-2020 and antenna modelling method is important for MIMO evaluation. In this contribution, we mainly discuss the antenna modelling method for “SLS + LLS” evaluation methodology.
2. Discussion on self-evaluation of IMT-2020 for antenna modelling
2.1 Evaluation methodology based on “SLS + LLS”
Take the evaluation method of mobility as an example, which is described in section 7.1.4 of Report ITU-R M.2412 [3].
Mobility shall be evaluated under Indoor Hotspot-eMBB, Dense Urban-eMBB, and Rural-eMBB test environments using the same evaluation parameters and configuration selected for the evaluation of average spectral efficiency and 5th percentile user spectral efficiency. Under Rural‑eMBB test environment, target values for both mobility of 120 km/h and 500 km/h in Table 4 of Report ITU-R M.2410 [2] shall be achieved to fulfill mobility requirements of Rural-eMBB test environment.
The evaluator shall perform the following steps in order to evaluate the mobility requirement.

Step 1: 
Run uplink system-level simulations, identical to those for average spectral efficiency, and 5th percentile user spectral efficiency except for speeds taken from Table 4 of Report ITU-R M.2410, using link-level simulations and a link-to-system interface appropriate for these speed values, for the set of selected test environment(s) associated with the candidate RITs/SRITs and collect overall statistics for uplink SINR values, and construct CDF over these values for each test environment.

Step 2:
Use the CDF for the test environment(s) to save the respective 50th-percentile SINR value.

Step 3: 
Run new uplink link-level simulations for the selected test environment(s) for either NLOS or LOS channel conditions using the associated speeds in Table 4 of Report ITU‑R M.2410, as input parameters, to obtain link data rate and residual packet error ratio as a function of SINR. The link-level simulation shall use air interface configuration(s) supported by the proposal and take into account retransmission, channel estimation and phase noise impact.

Step 4: 
Compare the uplink spectral efficiency values (link data rate normalized by channel bandwidth) obtained from Step 3 using the associated SINR value obtained from Step 2 for selected test environments, with the corresponding threshold values in the Table 4 of Report ITU-R M.2410.

Step 5: 
The proposal fulfils the mobility requirement if the spectral efficiency value is larger than or equal to the corresponding threshold value and if also the residual decoded packet error ratio is less than 1%, for all selected test environments. For the selected test environment it is sufficient if one of the spectral efficiency values (using either NLOS or LOS channel conditions) fulfils the threshold.

The antenna characteristics are also defined in Report ITU-R M.2412 [3]. For example, Table 9 in Report ITU-R M.2412, which is illustrated in the following table, provides the BS side antenna element pattern for Dense urban – eMBB (macro TRxP), Rural – eMBB, Urban macro – mMTC and Urban macro – URLLC test environments.
Table 1
3-Sector BS antenna radiation pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi


Based on the above evaluation method, the system level simulation will provide the 50th-percentile SINR value, and the link level simulation will give the final spectral efficiency based on the SINR value. 
2.2 Antenna modelling methods
The antenna array for MIMO evaluation may be modeled in SLS only, or in LLS only, or in both SLS and LLS. Antenna array not only impacts the useful signal but also impact the inter-cell interference which is usually modelled only in SLS. Rationality and complexity should be carefully balanced when determining the antenna modeling method for the “SLS+LLS” evaluation methodology. 

For example, antenna array with configuration (M,N,P,Mg,Ng) = (4,8,2,2,2) is assumed for the above 6GHz gNB, with the horizontal and vertical antenna element space of dH and dV., respectively. It means that there are 4 panels, each with 64 cross polarized antenna elements and 2TXRUs, and the total number of antenna elements and TXRUs for a gNB are 256 and 8, respectively. In “SLS+LLS” evaluation methodology, a reasonable antenna array modeling method is that only one panel with one polarization, instead all of the 4 panels, is explicitly modelled in SLS to derive the SINR taking into account analog beamforming. And 8 cross polarized effective antenna elements, each corresponding to a TXRU, are explicitly modelled in the following LLS. With this antenna array modelling method, the antenna element space and antenna pattern for the 8 antenna elements in LLS should be carefully configured. Regarding the antenna element space, 8*dH and 4*dV could be used for horizontal and vertical dimensions, respectively. Regarding the antenna pattern, there are two different methods that could be considered.

· Simple antenna pattern in LLS 

The simplest antenna pattern that could be adopted in LLS is the same as defined in Table 9 in Report ITU-R M.2412 [3]. However, this pattern does not take into account the beamforming operation used in SLS when deriving the SINR value. Since the analog beamforming has been assumed to calculate the SINR in SLS, the antenna pattern of the antenna elements used in LLS should have narrower beam width and larger directional gain.
· Realistic antenna pattern in LLS
Considering that 32 antenna elements are used to form analog beam in SLS, the most straightforward way to configure the antenna pattern in LLS is to calculate the beam width and directional antenna gain based on a panel with 32 antenna elements. In the boresight direction under this case, the horizontal beam width is about 12 degree, the vertical beam width is about 25 degree, and the antenna gain is about 23dbi. So the following realistic antenna pattern could be used in LLS.
Table 2
3-Sector BS antenna radiation pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	23 dBi


Proposal 1: In “SLS+LLS” evaluation methodology, apply the antenna array modeling method as: only one panel with one polarization, instead all of the multiple panels, is explicitly modelled in SLS to derive the SINR taking into account analog beamforming. And multiple cross polarized effective antenna elements, each corresponding to a TXRU, are explicitly modelled in the following LLS.
Proposal 2: For the LLS, apply virtual antenna pattern and virtual antenna element distance, which are virtualized by antenna elements beamforming. For example, for antenna array with configuration (M,N,P,Mg,Ng) = (4,8,2,2,2), the 3dB Beamwidth for Antenna element horizontal and vertical radiation pattern of antenna elements are 12 degree and 25 degree, and the horizontal and vertical dimension virtual antenna element space are 8*dH and 4*dV, respectively.
3. Conclusions 
In this contribution, the antenna modelling method for “SLS + LLS” evaluation methodology is discussed, and the following proposals are made:
Proposal 1: In “SLS+LLS” evaluation methodology, apply the antenna array modeling method as: only one panel with one polarization, instead all of the multiple panels, is explicitly modelled in SLS to derive the SINR taking into account analog beamforming. And multiple cross polarized effective antenna elements, each corresponding to a TXRU, are explicitly modelled in the following LLS.
Proposal 2: For the LLS, apply virtual antenna pattern and virtual antenna element distance, which are virtualized by analog beamforming. For example, for antenna array with configuration (M,N,P,Mg,Ng) = (4,8,2,2,2), the 3dB beamwidth for Antenna element horizontal and vertical radiation pattern of antenna elements are 12 degree and 25 degree, and the horizontal and vertical dimension virtual antenna element space are 8*dH and 4*dV, respectively.
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