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Introduction
[bookmark: _Ref178064866]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) 
Further clarifications of simulation assumptions have been made in [3] and [4]. Even after these clarifications there have been some uncertainties in certain parameter settings, mainly related to mechanical tilt and car penetration loss. These uncertainties have recently been clarified in [5] and in the [NRAH1-02-Ph1] email discussion. Our previously submitted contributions on Phase 1 results [6]-[7] have not been fully aligned with these recent clarifications. Furthermore, mechanical tilt and car penetration loss can have a strong impact on the results in some cases. Therefore, in this contribution, we provide our updated simulation results based on these recent clarifications for the Urban macro and Indoor hotspot 30 GHz scenarios. In a companion contribution [8] we provide updated results for the Dense urban 4 GHz scenario.
Simulation results
The main differences between the results presented in this contribution and our previous contributions [6]-[7]  are that the results presented herein are based on the assumptions of no mechanical tilt and no car penetration loss. Details of all parameter settings used for the results presented here are given in Appendix.

Urban macro
SINR CDFs for the Urban macro scenario with and without beamforming are shown in Figure 1
[image: ]
[bookmark: _Ref477807608]Figure 1	SINR CDFs for the Urban macro scenario
In RAN1#87, it was agreed to also calibrate SNR in the NR MIMO Phase 1 system level calibration according to [9]:
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. 

Results for these different cases are shown in Figure 2.
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[bookmark: _Ref477807784]Figure 2	SNR CDFs for the Urban macro scenario

Indoor hotspot
SINR CDFs for the Indoor hotspot scenario with and without beamforming are shown in Figure 3 and results for the different SNR cases are shown in Figure 4.
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[bookmark: _Ref477807836]Figure 3	SINR CDFs for the Indoor hotspot scenario
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[bookmark: _Ref477854699]Figure 4	SNR CDFs for the Indoor hotspot scenario




Conclusions
In this contribution we have provided updated NR MIMO Phase 1 SLS calibration results for the Urban macro and Indoor hotspot 30 GHz scenarios based on recent clarifications on simulation assumptions.
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Appendix
Simulation assumptions
Urban macro
Table 1 lists the assumptions we have used in the simulations of the Urban macro 30 GHz scenario.
	Parameter
	Value

	Layout
	Single layer
Macro layer: Hex Grid, 7 sites 

	ISD
	500 m

	Carrier Frequency
	30 GHz

	System bandwidth 
	40 MHz

	Subcarrier spacing
	60 kHz

	Channel model
	5GCM UMa

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.

	Constraints for the range of selective beams per TRP sector
	[-60, 60] in azimuth domain and [100, 160] in zenith domain

	Scheduling algorithm
	Round robin

	Traffic Model
	Full buffer

	BS Tx power
	43 dBm

	BS antenna configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2)
(dH,dV) = (0.5, 0.5)λ 
(dg,H,dg,V) = (4.0, 2.0)λ 

	UE antenna configuration
	(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;

	BS antenna pattern
	






Max gain = 8 dBi
Polarization: ±45º

	BS array orientation
	azimuth 0 degree; mechanical downtilt: 0 degree

	UE antenna pattern
	





Max gain = 5 dBi
Polarization: 0º and 90º

	BS antenna height
	25 m

	UE antenna height
	Follow TR36.873

	UE receiver noise figure
	10 dB

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

	Car penetration loss
	None

	BS analog beam set
	Azimuth angles: [-5/16, -3/16, -/16, /16, 3/16, 5/16]
Zenith angles: [5/8, 7/8]

	 UE analog beam set
	Azimuth angles: [-3/8, -/8, /8, 3/8]
Zenith angles: [/4, 3/4]

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD
Per subcarrier SVD precoding based on instantaneous channel
Sum power constraint on precoding weights

	MIMO mode
	SU-MIMO with rank=1

	UE receiver
	MMSE-IRC 



[bookmark: _Ref473654085]Table 1	Simulation assumptions for the Urban macro scenario

Indoor hotspot
Table 2 lists the assumptions we have used in the simulations of the Indoor hotspot 30 GHz scenario

	Parameter
	Value

	Layout
	Single layer
Indoor floor:(12 BSs per 120m * 50m)
Number of TRPs: 12

	ISD
	20 m

	Carrier Frequency
	30 GHz

	System bandwidth 
	40 MHz

	Subcarrier spacing
	60 kHz

	Channel model
	5GCM office

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.

	Constraints for the range of selective beams per TRP sector
	[0, 180] in azimuth domain and [0, 180] in zenith domain

	Scheduling algorithm
	Round robin

	Traffic Model
	Full buffer

	BS Tx power
	23 dBm

	BS antenna configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1)
(dH,dV) = (0.5, 0.5)λ 

	UE antenna configuration
	(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; 

	BS antenna pattern
	






Max gain = 5 dBi
Polarization: ±45º

	UE antenna pattern
	





Max gain = 5 dBi
Polarization: 0º and 90º

	BS antenna height
	3 m

	UE antenna height
	1.5 m

	UE receiver noise figure
	10 dB

	UE distribution
	100% indoor: 3 km/h

	BS analog beam set
	Azimuth angles: [/16, 3/16, 5/16, 7/16, 9/16, 11/16, 13/16, 15/16]
Zenith angles: [/8, 3/8, 5/8, 7/8]

	 UE analog beam set
	Azimuth angles: [-3/8, -/8, /8, 3/8]
Zenith angles: [/4, 3/4]

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD
Per subcarrier SVD precoding based on instantaneous channel
Sum power constraint on precoding weights

	MIMO mode
	SU-MIMO with rank=1

	UE receiver
	MMSE-IRC 



[bookmark: _Ref478129972][bookmark: _Ref478129979]Table 2	Simulation assumptions for the Indoor hotspot scenario
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