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Introduction
In RAN1#86, it was agreed to start NR MIMO calibrations [1]. From subsequent email discussion [86-20] it was agreed to follow a phased approach according to [2]
· Phase 1: Calibration can be used to check the channel model and the basic beamforming behavior, e.g., by looking at the SNR/SINR distribution (aim to finish it in RAN1#86bis) 
· Phase 2:  Start discussion on whether and how to establish the baseline.  Further discuss simulation assumptions for Phase 2 and Phase 3. Calibration can be used to check the link/system level performances, e.g., by looking at the BLER and spectrum efficiency (aim to finish it in RAN1#87)
· Phase 3: Calibration can be used to check the UE movement/rotation/blockage (aim to finish it after RAN1#87) 
In this contribution we present system-level results on Phase 1 NR MIMO calibration for the Urban macro, Dense urban macro layer, and Indoor hotspot scenarios.
[bookmark: _Ref178064866]System level results
We provide CDFs of SINR calculated in the following three different ways: 
· No beamforming. SINR when using a single antenna sub-element at the TRP and the UE.
· Analog beamforming. Signal power is calculated based on RSRP for the analog beam of the serving TRP. The interference power is calculated based on random selection of beams for the non-serving TRPs.
· Analog + digital beamforming. The signal power is calculated assuming analog beamforming within a panel and ideal digital SVD precoding across panels. The interference power is calculated based on random selection of analog beams for the non-serving TRPs.

We have used Beam Selection Method 2 according to [2]. The vertical analog beam at the TRP is according to [3] selected to be the best DFT beam among the following set of beam directions:

, for i=1,…,rN 
where r denotes the oversampling factor and N denotes the number of vertical antennas. These beam candidates should then be down-selected according to the scenario-dependent valid range of beam directions. 
Urban macro, 30 GHz
For the Urban macro scenario, the best analog beam that lies in the zenith interval [90º 160º] is selected.
Figure 1 shows results for two different values of mechanical tilt of the TRP antenna: 90º, i.e. no tilt, and 110º, where the angle has been defined relative the z axis. In the case of 110º tilt, the gain of analog beamforming is small. This is probably due to that the analog beams within the valid range have too much total tilt. Without mechanical tilt the zenith angles of the down-selected analog beams are 112.5º and 157.5º. Applying 20º mechanical tilt on top of that implies zenith angles of 132.5º and 177.5º, which means that the lower beam points down to the ground. With no tilt (90º), the gain of analog beamforming is larger since the analog beams in the valid range point in more favorable directions.
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[bookmark: _Ref466048031]Figure 1 CDF of SINR for the Urban macro scenario, left: 90º mechanical tilt, right: 110º mechanical tilt
Dense urban, macro layer, 4 GHz
Figure 2 shows results for the Dense urban, macro layer, scenario. Also for this scenario we show results for two different values of mechanical tilt: 90º (no tilt), and 110º. Mechanical tilt makes performance worse also in this scenario. The uppermost analog beam in the valid range in this scenario has a grating lobe at 65º zenith angle. Applying 20º mechanical tilt to that beam means that the grating lobe will point close to the horizon, which is known to generate high interference in this scenario. This may explain the degraded performance with mechanical tilt in this scenario.
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[bookmark: _Ref466916017]Figure 2 CDF of SINR for the Dense urban scenario, macro layer, left: 90º mechanical tilt, right: 110º mechanical tilt
 

Indoor hotspot, 30 GHz
Figure 3 shows results for the Indoor hotspot scenario.
[image: ]
[bookmark: _Ref466916394]Figure 3 CDF of SINR for the Indoor hotspot scenario

Discussion
In order to ease the alignment, we propose to also calibrate path gain in Phase 1.
We propose to not use mechanical tilt since this will result in unfavorable analog beam directions.
For calculation of the digital SVD precoder, it needs to be clarified if this should be calculated per subcarrier, subband or wideband and if it should be based on correlation matrix or the instantaneous channel. We suggest to calculate SVD per subcarrier on the instantaneous channel.
The interference power was in [3] proposed to be calculated by randomly selecting analog beams for the non-serving TRPs. For Phase 2, we propose not to randomly select beams for non-serving TRPs but instead use real traffic in adjacent cells. Hence, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.
 
[bookmark: _Toc462757192]Conclusion
In this contribution we have provided our initial system-level results of NR MIMO calibration for Phase 1 together with some observations.
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