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1. Introduction
In this contribution, we provide Phase-1 NR-MIMO link-level and system-level channel calibration results for 30GHz carrier frequency based on calibration assumptions discussed in [1]. 
2. Link Level Calibration 
Following assumptions are made in reference to [1]:
#1. Channel Model: 
CDL-A, CDL-B, delay spread = 100ns, and UE speed=3km/h.  The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.
Note: One time sample for each drop is used in evaluation. (The UE speed is specified but the UE moving direction is not, which affects effective Doppler as well.)  
#2. Carrier frequency, bandwidth, subcarrier spacing
Carrier frequency = 30GHz, bandwidth = 80MHz, subcarrier spacing = 60kHz. 
#3. TXRU mapping to antenna elements & TXRU mapping weights
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.   
#4. Beam sweeping approach
Method 1 is used, i.e., the DFT beam directly is pointing to the strongest cluster.
#5. Criteria for beam selection
DFT beam towards strongest cluster is used at both BS and UE.
#6. Metrics
Adopt the metric of CDF of receive SNR w/ beamforming at SNR=0dB for Phase 1 calibration.
Note: CDF of received SNR of occupied tones (1200 tones) is plotted. 
#7. Other parameters:
Table 1. Other parameters
	Parameter
	Values

	BS antenna configurations
	 (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

	BS antenna pattern
	Refer to Table A.2.1-6 of [2]: Max Gain = 8dBi , HPBW=650

	UE antenna configurations
	 (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: same polarization angles of 0 and 90 assumed for BS as well.
The panel with the best receive SNR is chosen for output metric. 

	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
	Refer to Table A.2.1-8 of [2]: Max Gain = 5dBi , HPBW=900

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

Note: Per-tone Digital BF based on ideal SVD


	MIMO mode
	SU-MIMO with rank=1




Calibration results for CDL-A and CDL-B channel are presented below in Fig.1 and Fig.2.  
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Figure 1: CDFs of Received SNR in CDL-A Channel
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Figure 2: CDFs of Received SNR in CDL-B Channel

3. System Level Calibration 
We focus on a single layer NR network with 30GHz carrier frequency. Table 2 shows our system-level simulation assumptions [1], [4]:
Table 2: System Simulation Assumptions
	Parameters
	Value

	Layout
	Single Layer (Macro)

	Inter-BS Distance
	500m for UMa

	Carrier Frequency
	30 GHz

	Simulation BW
	80 MHz

	Channel Model
	3D-UMA and 3D-INH (as in 38.900)

	Tx Power (BS)
	43 dBm for UMa and 24 dBm for InH over 80 MHz

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,1,1,1)
(dV, dH) = (0.5, 0.5)λ

	BS Antenna Height
	25 m for UMa

	BS Antenna Element gain
	8 dBi

	UE Receiver Noise Figure
	13 dB

	UE Antenna Configuration
	(M, N, P, Mg, Ng) = (2, 4, 1, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ.
Θmg,ng=90; Ω0,1=Ω0,0+180;

	UE Antenna Height
	As in 3D-UMA and 3D-INH modelling in 38.900

	UE Antenna Gain
	5 dBi

	UE Distribution
	80% indoor and 20% outdoor for Uma
100% indoor for InH
Uniform UE dropping: 10 UEs/TRP with buildings as in TR 38.900

	Rank of Transmission
	1

	BS beamforming weights
	Total of 40 beams, scanning [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain

	UE beamforming weights
	Total of 6 beams, scanning [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain



We performed Phase 1 calibration for Indoor Hotspot and Urban Macro scenarios with 30GHz carrier frequency. Figure 3 shows the CDFs of the wideband DL SINR with and without beamforming for the Indoor Hotspot scenario.
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Figure 3: CDFs of DL SINR with and without beamforming for InH
In Figure 4, we show CDFs of the wideband DL SINR with and without beamforming for the Urban Macro scenario.
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Figure 4: CDFs of DL SINR with and without beamforming for UMa
4. Conclusion
In this contribution, we presented our Phase 1 NR MIMO link-level and system-level calibration results with 30GHz carrier frequency.
5. Reference
[1] Summary of [86-20] email discussion on MIMO calibration for NR
[2] R1-168547, Offline discussion further updated summary of evaluation assumptions for NR, NTT DOCOMO
[3] 3GPP TR 36.873, Study on 3D channel model for LTE
[4] 3GPP TR 38.900, Channel Model for frequency spectrum above 6 GHz


image1.png
cdf

CDF of Received SNR, CDL-A

09

08

[ik4

06

05

04

03

02

01

5

0 15
received SNR(dB)

20

2

EY

35




image2.png
cdf

CDF of Received SNR, CDL-B

09

08

[ik4

06

05

04

03

02

01

o 5 10 15
received SNR(dB)

20

2

EY

35




image3.png
09

08

07

06

05

04

03

02

01

Ermpirical COF

wio bearnforming
wi beamforrming

10 il
SINR (d8)

0 a0

50




image4.png
Ermpirical COF

09

08

07

06

05

04

03

wio bearnforming
wi beamforrming

-0 [ 10 Eil Ell
SINR (d8)

a0

Eil




