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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 #87 in [87-30]. This contribution contains massive MIMO calibration results according to the agreed parameters. Included are phase 1 link level and phase 1 and 2 system level results.

Link level simulation results
Simulation assumptions for link level simulation


In [86-20] email discussion ‎[1] and ‎[3], the CDL-A, B with scaling of angles are adopted as the link level channel, but the scaling of angles is achieved via applying uniform-distribution desired mean angle  in Section 7.7.5.1 in TR 38.900 accordingly.   yields the random value (denoted as random angles) :
uniformly distributed within [-60, 60] degrees for AoD;
uniformly distributed within  [90, 135] degrees for ZoD;
uniformly distributed within [-180, 180] degrees for AoA;
uniformly distributed within [45, 90] degrees for ZoA.
Two methods for beam selection for link level calibration agreed as follows:
-	Beam Selection Method 1: The DFT beam pointing directly to the strongest cluster.
-	Beam Selection Method 2: Select a beam among the limited set of DFT beams with oversampling factor=1.  Select the best beam pair at the same time based on the criteria of maximizing received power after beamforming.

In ‎[5], taking into account the practical angles of BS and UE,  yields the fixed value (denoted as fixed angles, except AoA):
fixed with [0] degree for AoD;
fixed with [90] degree for ZoD;
uniformly distributed with [-180, 180] degrees for AoA;
fixed with [90] degree for ZoA.
Other parameters for link level simulation are captured in Table 1 in Appendix 1.

Simulation results for 30 GHz
In random angles case, the simulation results are illustrated in Figure 1.
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[bookmark: _Ref470856108]Figure 1 Distribution of receiver SNR with beamforming for 30 GHz (random angles)
In fixed angles case, the simulation results are illustrated in Figure 2.
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[bookmark: _Ref470856175]Figure 2 Distribution of receiver SNR with beamforming for 30 GHz (fixed angles)

Simulation results for 4 GHz
In random angles case, the simulation results are illustrated in Figure 3.
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[bookmark: _Ref471301090]Figure 3 Distribution of receiver SNR with beamforming for 4 GHz (random angles)
In fixed angles case, the simulation results are illustrated in Figure 4.
[image: ]
[bookmark: _Ref471301112]Figure 4 Distribution of receiver SNR with beamforming for 4 GHz (fixed angles)


Simulation results for simplified antenna configuration of one panel one polarization
In the case of simplified antenna configuration, the simulation parameters are changed partially. The BS and UE antenna arrays are both one panel one polarization.
[image: ]
Figure 5 Distribution of receiver SNR with beamforming for 30 GHz (one panel one polarization)

System level simulation results
Both phase 1 and phase 2 system level results are collected in the following sections. The system level assumptions are captured in Table 2 in the Appendix 1 being inline with the latest agreed parameters in ‎[7].
Phase 1 Calibration results
The Figure 6 and Figure 7 depict the SNR CDFs in the Urban macro and Indoor hotspot scenarios. These are the additional phase 1 calibration cases where inter cell interference is not taken into account. 
The updated Phase 1 results where the inter cell interference is taken into account are depicted in Figure 9 and Figure 10 for the Urban macro and Indoor hotspot scenarios, respectively. The geometry factor over all UE positions is shown in Figure 8 for reference. 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. 
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[bookmark: _Ref471214254]Figure 6. SNR in Urban Macro Scenario.
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[bookmark: _Ref471214258]Figure 7. SNR in Indoor hotspot Scenario.
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[bookmark: _Ref471219147]Figure 8. The geometry factor distributions.
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[bookmark: _Ref471219081]Figure 9. SINR with and without beamforming in Urban Macro Scenario.
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[bookmark: _Ref471219083]Figure 10. SINR with and without beamforming in Indoor hotspot Scenario.
Phase 2 Calibration results

The spectral efficiencies in Urban macro and Indoor hotspot scenarios are shown in Figure 11 being simulated based on latest assumptions in ‎[8]. The outage percentages are 25 and 0 percent, respectively. 
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[bookmark: _Ref471220186]Figure 11. Spectral efficiency in Urban macro and Indoor hotspot Scenarios.
Conclusions
Massive MIMO link and system level calibration results were presented in this contribution. The link level results are for the phase 1 calibration and system level results contain both phase 1 and 2 results.
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Appendix 1: Link simulation parameters

[bookmark: _Ref470854565]Table 1 Simulation parameters for link level simulation
	Parameter
	Value

	Channel model
	3GPP TR 38.900 CDL-A and CDL-B model (Delay spread = 100 ns)
Mobility: 3km/h

	Carrier frequency, bandwidth & subcarrier spacing
	Use the following parameters for 4GHz and 30GHz:
Carrier frequency = 4GHz, bandwidth = 20MHz, subcarrier spacing = 15kHz.
Carrier frequency = 30GHz, bandwidth = 80MHz, subcarrier spacing = 60kHz

	TXRU virtualization
	For 30GHz, a single TXRU per panel per polarization is used.   2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x 2.   
For 4GHz, TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x N x 2.

	Beam sweeping
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	BS antenna configurations
	30GHz:  (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ
4GHz:  (M,N,P,Mg,Ng) = (4,4,2,1,1). (dV,dH) = (0.5, 0.5)λ

	BS antenna pattern
	Refer to ‎[6]

	UE antenna configurations
	30GHz:
(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ.
Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90
Notes: introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].
Notes: The panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels.

4GHz:  (M,N,P,Mg,Ng) = (1,1,2,1,1)

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 20 0 degree 
Notes: Taking into account the definition of mechanic downtilt that “Considering a BS antenna element the x-axis of the GCS is aligned with the pointing direction of the sector.” in TR 38.900, the mechanic downtilt here is 20  0 degree that means that the downtilt angle of  boresight of antenna array is 110 90 degree with regards to Z-axis.  

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna pattern
	Refer to ‎[6]

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD


	MIMO mode
	SU-MIMO with rank=1

	UE receiver type 
	MMSE-IRC 

	MCS
	LTE MCS = 1



Appendix 2: System simulation parameters
[bookmark: _Ref465680349]Table 2. System simulation parameters.
	parameter
	value

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

	carrier frequency
	30GHz

	Simulated bandwidth
	40 MHz

	Transmission power
	Urban macro:43 dBm
Indoor hotspot: 23 dBm

	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

	Outdoor to indoor loss (Uma)
	High loss: 50 %
Low loss: 50 %

	UE distribution (Uma)
	Outdoor in cars: 20 %
Indoor: 80 %
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