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Introduction
In RAN1#87, it was agreed to calibrate SNR in the NR MIMO Phase 1 system level calibration according to [1]:
[bookmark: _GoBack]1.       For system level calibration,  SNR CDF curves are generated with no interference in this step 
a.       Single TX/RX subelement - without TX/RX beamforming   
        	-  The first sub-element in a single fixed panel is used with single-pol. 
b.       With analog TX/RX beamforming, using a single digital TX/RX port 
       	-  The first TXU/RXU in a single fixed panel is used with single-pol 
b'.       With fixed analog TX/RX beamforming, using a single digital TX/RX port 
        	-  The first TXU/RXU in a single fixed panel is used with single-pol 
c.       With analog TX/RX beamforming, and with SVD-based digital TX/RX beamforming 
        	 - The UE panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels. 

In this contribution, we provide calibration results for the above cases for the Dense urban macro 4 GHz scenario. In order to facilitate better alignment between different companies’ results we also provide details of the simulation assumptions we have used.
[bookmark: _Ref178064866]Discussion
Figure 1 shows SNR CDFs for the different SNR calibration cases for the Dense urban macro 4 GHz scenario. The simulation parameter settings that have been used are listed in Appendix. 
[image: ]
[bookmark: _Ref471723974]Figure 1	SNR CDFs for the Dense urban macro 4GHz scenario, 20º mechanical tilt
By comparing case a and case b, it can be seen that the analog beamforming actually gives a small loss in SNR. A possible explanation for this could be that the available analog beams may not be suitable for this scenario. According to [1] the zenith angles of the analog TRP beams are 101.25º, 123.75º, and 146.25º. Since there is also a 20º mechanical tilt applied to the TRP antenna the resulting zenith angles become 121.25º, 143.75º, and 166.25º, which may be too large zenith angles for beamforming in this scenario. 
Removing the mechanical tilt makes the analog beamforming perform better, see Figure 2. In this case, the analog beamforming gives some SNR gain.

[image: ]
[bookmark: _Ref471730712]Figure 2	SNR CDFs for the Dense urban macro 4GHz scenario, no mechanical tilt

Conclusions
In this contribution we have provided simulation results for NR MIMO Phase 1 SNR calibration together with details of the used simulation assumptions.
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Appendix
	Parameter
	Value

	Layout
	Single layer
Macro layer: Hex Grid, 7 sites 

	ISD
	200 m

	Carrier Frequency
	4 GHz

	System bandwidth 
	20 MHz

	Subcarrier spacing
	15 kHz

	Channel model
	3D UMa

	BS Tx power
	44 dBm

	BS antenna configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ 

	UE antenna configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1)

	BS antenna pattern
	






Max gain = 8 dBi
Polarization: ±45º

	BS antenna mechanical tilt
	20º (110º zenith angle)

	UE antenna pattern
	Isotropic
Max gain = 0 dBi
Polarization: 0º and 90º

	BS antenna height
	25 m

	UE antenna height
	Follow TR36.873

	UE receiver noise figure
	9 dB

	UE distribution
	20% outdoor in cars: 30 km/h,
80% indoor in houses: 3 km/h

	Car penetration loss
	 = 9 dB,  = 5 dB

	  Analog beam set
	Zenith angles: [9/16, 11 /16, 13/16]
For case 1-b', 11 /16 is used

	  Digital precoding
	Per subcarrier SVD precoding based on instantaneous channel
Sum power constraint on precoding weights

	UE receive antenna combining
	Per subcarrier SVD based on instantaneous channel
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Dense urban macro, no tilt
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