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Introduction
At the RAN1 86, 87, NR AH meeting, issues about NR MIMO link-level calibration were discussed [1]-[4]. General guideline for calibrations was agreed as follows.
	Agreements:
RAN1 #86
· 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)
NR AH meeting
· For updating phase-1 results: Until Feb. 6
· Companies are encouraged to update results (particularly for the micro layer of dense urban scenario)
· If further clarification of simulation assumptions is needed, it can also be discussed under this email thread
· For phase-2 results: Until Mar. 31
· For phase-3 results: Until Apr. 28


In this contribution, we present the results of link-level NR MIMO Phase 1 calibration according to the agreed parameters.
Simulation Assumptions
The basic simulation assumptions of Phase 1 calibration are summarized as follows for reference.
Channel Model
According to the email discussion, both CDL-A and CDL-B with delay spread=100ns and UE speed=3km/h need to be calibrated. For 30GHz, the subcarrier spacing is 60kHz for 80MHz bandwidth; for 4GHz, the subcarrier spacing is 15kHz for 20MHz bandwidth.
The angles associated with the TRP, i.e., AoD, ZoD, are uniformly distributed within [-60°, 60°] degrees in azimuth and [90°, 135°] degrees in zenith, while the angles associated with the UE, i.e., AoA, ZoA, are uniformly distributed within [-180°, 180°] degrees in azimuth and [45°, 90°] in zenith. These are implemented by making uniform-distribution of desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.
To accelerate the calibration campaign, the simplified antenna configuration and new simplified assumptions about angle parameters are also proposed in [3] with: AoD fixed to 0°, ZoD fixed to 90°, ZoA fixed to 90° and AoA uniformly distributed within [-180°, 180°].
TXRU mapping to antenna elements & TXRU mapping weights
For 30GHz, a single TXRU per panel per polarization is used and 2D TXRU virtualization weights for each panel is obtained by Kronecker product between vertical and horizontal DFT.
For 4GHz, TXRU virtualization is applied only in vertical dimension (i.e. 1D virtualization) using DFT vectors.
Beam sweeping approach
For beam selection Method 1, the DFT beamforming is directly pointing to the strongest cluster for both BS and UE side. 
For beam selection Method 2, select a beam among the limited set of DFT beams with oversampling factor=1, and the best beam pair is selected based on the criteria of maximizing receive power.
The beam direction set for method 2 covers [-90°, 90°] degrees in azimuth domain and [0°, 180°] degrees in zenith domain.
· Beam directions@30GHz:       		
· Azimuth angle [-7*pi/16 -5*pi/16 -3*pi/16 -pi/16 pi/16 3*pi/16 5*pi/16 7*pi/16]
· Zenith angle [pi/8  3*pi/8  5*pi/8  7*pi/8]  
· Beam directions@4GHz: 
· Zenith angle [pi/8  3*pi/8  5*pi/8  7*pi/8]  
· Beam directions for UE @30GHz：     		 
· Azimuth angle [-3*pi/8  -pi/8  pi/8  3*pi/8];
· Zenith angle [pi/4  3*pi/4];
Clarification for power normalization 
In [86-20] email discussion, the CDF of received average SNR with beamforming at SNR=0dB is adopted as the metric of link level calibration [5]. The average SNR here equals to the receive SNR over all subcarriers and OFDM symbols with linear average. In order to follow the assumption “SNR=0dB”, the average channel power on each sub-carrier should be normalized to 0 dB, i.e., in frequency domain, transmitting signal would not be enlarged or reduced.  
Consider the effect of antenna gain, the generated CDL channel may not be power-normalized, so the power normalization should be re-performed to satisfy the SNR assumption. According to our observation, the channel power normalization will introduce an X dB offset and should not change the trend of the CDF curves.  

[image: ]
Figure 1 Comparison between CDF with and without channel power normalization
Simulation Results
According to the agreed simulation assumptions, some comparison results are provided for analysis. 
30 GHz case, one panel, single polarization
The SNR CDF for random and fixed ZoD, AoD, ZoA are derived in Figure 12 and 23, corresponding to CDL-A and CDL-B channels respectively. The beam selection method 1 is adopted.
[bookmark: _GoBack][image: ]
Figure 2 CDF of received SNR for CDL-A, beam selection method 1
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Figure 3 CDF of received SNR for CDL-B, beam selection method 1
4 GHz cases
The results under the following different angle assumptions are simulated under 4GHz.
-  Case 1: Random ZoD, AoD, ZoA, AoA, method 1 for analog beam selection
-  Case 2: Random ZoD, AoD, ZoA, AoA, method 2 for analog beam selection
-  Case 3: Fixed ZoD, AoD, ZoA and random AoA, method 1 for analog beam selection
-  Case 4: Fixed ZoD, AoD, ZoA and random AoA, method 2 for analog beam selection
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Figure 4 CDF of received SNR for CDL-A
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Figure 5 CDF of received SNR for CDL-B

Conclusion
This contribution presents link level simulation results for NR-MIMO Phase 1 calibration.
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Appendix 
Table 1: Other Simulation Assumptions for Link-level MIMO Calibration
	Parameter
	Values

	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
	HPBW=65°, Max Antenna Gain = 8dBi, SLAV=Am=30
polarization angles are -45° and +45°

	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].

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; downtilt: 110 degree 

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

	UE antenna pattern
	30 GHZ:
HPBW=90°, Max Antenna Gain = 5dBi, SLAV=Am=25
4 GHZ:
Isotropic
polarization angles are 0° and +90°

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

	MIMO mode
	SU-MIMO with rank=1
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