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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Phased approach on the calibration of the massive MIMO simulations was discussed in ‎[1] and further e-mail discussion has been conducted after the RAN1 #86bis in [86b-19]. This contribution contains massive MIMO calibration results according to the agreed phase 1 parameters. The included results are system level results in Urban macro and Indoor hotspot scenarios.

System level simulation results
The system level assumptions are captured in Table 1 being inline with the agreed parameters. During the simulation the UE selects the analog transmit and receive beam pair which maximizes the received power. This involves also the UE receiver panel selection since the panel boresights are pointing to the opposite directions.

[bookmark: _GoBack]The geometry factor is shown in Figure 1 for reference and the downlink SINR with and without beamforming is depicted in Figure 2. The beamforming effect from the interfering cells has been taken into account in the SINR calculation. Further, the SINR from all UEs is collected in the statistics even though significant amount of UEs would be in outage in Urban macro case and not necessarily being scheduled in practice. 
[bookmark: _Ref465680349]Table 1. Simulation parameters.
	parameter
	value

	scenario
	Urban macro and Indoor hotspot (12 TRPs), (‎[1], ‎[2] and ‎[3])

	carrier frequency
	30GHz

	TRP antenna configuration, (M,N,P,Mg,Ng)
	Urban macro : (4,8,2,2,2)
Indoor hotspot : (4,8,2,1,1)

	TRP antenna radiation pattern 
	
Urban macro : H and V ‎[2]

Indoor hotspot : H and V(boresight direction perpendicular to the ceiling) ‎[4]

	UE antenna configuration, (M,N,P,Mg,Ng)
	(2,4,2,1,2) Θmg,ng=90; Ω0,1=Ω0,0+180

	UE antenna radiation pattern 
	
As in ‎[2], H and V

	Number of TXRUs
	1 TXRU per panel per polarization

	Analog precoding
	Horizontal and vertical DFT precoding assuming oversampling factor of 1

	Digital precoding
	SVD, unquantized

	Number of UEs per cell
	10

	MIMO scheme
	SU-MIMO, 1-layer

	UE receiver
	MMSE-IRC

	scheduling
	Round robin, full band allocation

	Traffic model
	Full buffer
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[bookmark: _Ref466016876]Figure 1. The geometry factor distributions.
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[bookmark: _Ref465777528]Figure 2. SINR with and without beamforming in Urban Macro Scenario.
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Figure 3. SINR with and without beamforming in Indoor hotspot Scenario.
Conclusions
Massive MIMO phase 1 calibration results were presented in this contribution. The attached results are for the Urban macro and Indoor hotspot system level scenarios.
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