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1. Introduction
In [86-20] email discussion, the following agreements on the phased approach for NR MIMO calibration have been made.
Agreements:
Follow the phased approach below for calibration:
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) 
NOTE: Parameters can be different in different phases and can be re-discussed in each phase if needed.
In RAN1 #86-BIS, the following agreements on Phase 1&2 calibration for NR MIMO have been reached:
Agreements:
· Companies are encouraged to provide/update results for Phase 1 NR MIMO calibration in RAN1#87, including link level and system level simulations
· Extend the email discussion for further clarification on simulation assumptions and metrics, if needed 
· Email discussion about the calibration work until 28th October – Ruyue (ZTE)
· Including discussions on simulation assumptions and metrics for  Phase 2 NR MIMO calibration, including link level and system level simulations 
This document summarizes RAN1-87 offline discussion and email discussion about the simulation assumptions and metrics for Phase 1 and Phase 2 NR MIMO calibration.   

2. Discussion on Phase 1 MIMO calibration
2.1 Link-level calibration
The new simplified assumptions for link level calibration have been thoroughly discussed in order to accelerate the corresponding calibration among proponents.  

Taking into account the practical angles of BS and UE, it is recommended that the ZoD of BS is fixed with [90] degree in zenith domain and the ZoA of UE is fixed with [90] degree in Zenith domain to update these agreements in [86b-19] email discussion. 

Proposal:
Calibrate both CDL-A and CDL-B with delay spread =100ns and UE speed=3km/h.  The angles of BS, i.e., AoD, ZoD, are fixed with [0] degree in azimuth domain and [90] degree in zenith domain, and those of UE, i.e., AoA, ZoA, are distributed within [-180, 180] degrees in azimuth domain and fixed with [90] in zenith domain, via applying desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.

2.2 System-level calibration
The new simplified assumptions for link level calibration have been thoroughly discussed in order to accelerate the corresponding calibration among proponents.  

The following agreements have been reached in [86b-19] email discussion:

Agreements:
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. 
These are the angles used for cases 1-b and 1-c.  The angles highlight in red are the fixed angles for fixed analog beamforming for case 1-b': 
InH: Direction of beams covers [0, 180] degrees in azimuth domain and [0, 180] degrees in zenith domain. -Beam directions for TRP: 
      		-- Azimuth angle [pi/16 3*pi/16 5*pi/16 7*pi/16 9*pi/16 11*pi/16 13*pi/16 15*pi/16] 
  	   	-- Zenith angle  [pi/8  3*pi/8  5*pi/8  7*pi/8] 
  
Urban Macro: Direction of beams covers [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain. 
-Beam directions for TRP: 
    		-- Azimuth angle [-5*pi/16 -3*pi/16 -pi/16 pi/16 3*pi/16 5*pi/16] 
     		-- Zenith angle  [5*pi/8 7*pi/8] 

Dense urban(macro layer@4GHz): Direction of beams covers [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain. 
-Beam directions for TRP: 
     		 -- Zenith angle [9*pi/16 11*pi/16 13*pi/16]; 

Dense urban(micro layer@30GHz): Direction of beams covers [-60, 60] degrees in azimuth domain and [35, 135] degrees in zenith domain. 
- Beam directions for TRP: 
    	 	 -- Azimuth angle [-5*pi/16 -3*pi/16 -pi/16 pi/16 3*pi/16 5*pi/16] 
    		 -- Zenith angle  [3*pi/8 5*pi/8] 

Beam directions for UE for all scenarios@30GHz： 
    		 -- Azimuth angle [-3*pi/8 -pi/8 pi/8 3*pi/8]; 
       		-- Zenith angle [pi/4 3*pi/4];

3. Discussion on Phase 2 MIMO calibration
3.1	Link-level calibration
#1 Channel model
	Company
	Channel model

	ZTE
	3GPP TR38.900 CDL-A and CDL-B model (Delay spread = 100ns) 
Mobility: 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.

Notes: Translation angle is randomly generated per drop and just the cluster-central angles of ZoA, ZoD, AoA and AoD are translated accordingly.  We can view it as different BS-UE link is generated per drop.  So it is not related to angular spread which remains the same as the table for CDL in Section 7.7.1 in TR 38.900.
The predefined angle values in CDL models can be generalized by introducing angular translation and scaling. By translation, mean angle can be changed to Δ𝜙 and angular spread can be changed with scaling. The translated and scaled angles can be obtained according to the following equation:



where  	is the translation angle which is distributed according to the ranges proposed above (e.g. [-60, 60] for azimuth of departure in BS) .   Angular spread remains the same in the table in Section 7.7.1 i.e. AS_desired=AS_model.  

	Ericsson
	OK with ZTE’s proposal

	LGE
	OK with ZTE’s proposal


Observation and comment:  All are OK with ZTE’s proposal
Proposal:
Calibrate both CDL-A and CDL-B with 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.

#2 Carrier frequency, bandwidth & subcarrier spacing 
	Company
	Carrier frequency, bandwidth & subcarrier spacing

	ZTE
	Use the following parameters for 4GHz and 30GHz:
Carrier frequency = 4GHz, bandwidth = 20MHz, subcarrier spacing = 15kHz.
Carrier frequency = 30GHz, bandwidth = 80MHz, subcarrier spacing = 60kHz

	Ericsson
	OK with ZTE’s proposal

	LGE
	OK with ZTE’s proposal


Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
Use the following parameters for 4GHz and 30GHz:
Carrier frequency = 4GHz, bandwidth = 20MHz, subcarrier spacing = 15kHz.
Carrier frequency = 30GHz, bandwidth = 80MHz, subcarrier spacing = 60kHz

#3 TXRU mapping to antenna elements & TXRU mapping weights
	Company
	TXRU mapping to antenna elements & TXRU virtualization weights

	ZTE
	For 30GHz, 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.   
For 4GHz, TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x N x 2.
i.e. the 2D sub-array partition model defined in TR36.897 is used as in the following:
-	q is given by q=x⊗(vi⊗wo)
where
-	q is a Tx signal vector at the M co-polarized antenna elements within a column
-	wo and vi is a wideband TXRU virtualization weight vector 
-	x is a TXRU signal vector at MTXRU TXRUs
-	The length of wo is given by K = M/MTXRU
-	The length of vi is given by L = N/NTXRU

-	wo for  is given by

-	

-	vi for is given by

-	
This virtualization is applied to both TRP and UE.

	Ericsson
	OK with ZTE’s proposal

	LGE
	OK with ZTE’s proposal


Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
For 30GHz, 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, i.e., 2D sub-array partition model defined in TR36.897.  Number of TXRUs= Mg x Ng x 2.   
For 4GHz, TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT, i.e., 1D sub-array partition model defined in TR36.897.  Number of TXRUs= Mg x Ng x N x 2.
Notes: The configuration for DFT (like oversampling factor) has been interpreted in # 4.
#4 Beam sweeping approach 	
	Company
	Beam sweeping approach

	ZTE
	Select the best beam pair among the limited set of DFT beams with oversampling factor=1, based on the criteria of maximizing receive power after beamforming. 
Notes: the DFT beam candidate in this beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN 
where r denotes the oversampling factor, N denotes the number of vertical/horizontal antennas.   
Notes: Since the sinc function instead of cosine might be used, e.g., for generating its horizontal-related weight vectors, the beam direction potentially ranges from –pi/2 to pi/2 and therefore the aforementioned formula should be revised accordingly.  

	Ericsson
	OK with ZTE’s proposal

	LGE
	We are not fully agreed with ZTE since beams generated from uniformly divided etilt and escan angles are not oversampled DFT beam.  Thus, we prefer to have DFT based beam selection with oversampling factor of 1 as 



Observation and comment:  Majority are OK with ZTE’s proposal but the classical DFT based beam selection with oversampling factor of 1 is also recommended. 
The beams generated from uniformly divided etilt and escan angles according to the 2D sub-array partition model defined in TR36.897 as mentioned in #3 have a clear direction of transmission and receive, which would be beneficial for down-selecting the valid beam within the weight matrix within the valid ranges of beam directions if required like SLS calibration; however considering that:




the transformation from the factor of  into beam direction would hardly be achieved especially for the vertical virtualization at 4GHz, where . In order to obviously guarantee beam direction and accelerate MIMO calibration, the method of uniformly dividing etilt and escan angles are recommended. 
Proposal: 
Select the best beam pair among the limited set of DFT beams with oversampling factor=1, based on the criteria of maximizing receive power after beamforming. 
Notes: the DFT beam candidate in this beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN 
where r =1 (which is analogous to oversampling factor of 1) , N denotes the number of vertical/horizontal antennas.   

#5 Criteria for beam selection
	Company
	Criteria for beam selection

	ZTE  
	Select the beam pair by maximizing total received signal power per analog beam pair.

	Ericsson
	OK with ZTE’s proposal

	LGE
	Select the beam pair by maximizing total received signal power per analog beam pair.


Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
Select the beam pair by maximizing total received signal power per analog beam pair.

#6 Metrics
	Company
	Metrics

	ZTE
	BLER with beamforming gain as a function of transmission SNR 

	Ericsson 
	OK with ZTE’s proposal

	LGE
	BLER 


Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
Adopt the metric of BLER w/ beamforming  as a function of SNR ranging from -20 dB to 0dB.

#7 Other parameters:
Table 1-7 Other parameters
	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
	Refer to [1]

	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].
Notes: 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; mechanic downtilt: 20 0 degree 
Notes: Taking into account the definition of mechanic downtilt that “Considering a BS antenna element the x-axis of the GCS is aligned with the pointing direction of the sector.” in TR 38.900, the mechanic downtilt here is 20  0 degree that means that the downtilt angle of  boresight of antenna array is 110 90 degree with regards to Z-axis.  

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

	UE antenna pattern
	Refer to [1]

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


	MIMO mode
	SU-MIMO with rank=1

	UE receiver type 
	MMSE-IRC 

	MCS
	LTE MCS = 1




Comments and suggestions on other issues, which are not limited to other parameters in #7:
	Company
	Comments and suggestions for other issues

	Ericsson
	Clarify the BS and UE array orientation according to the email discussion. Clarify UE antenna pattern for 4 GHz and 30 GHz since [1] seems to be about system level evaluations. For 4 GHz, we propose to use an isotropic UE antenna with 0 dBi gain and polarization angles 0 and 90 degrees. 
We propose not to use any mechanical tilt. (90 degree downtilt relative the z axis)

	
	

	
	


 
Observation and comment:  Companies are basically OK with Table 1-7 for other parameter in #7 instead of mechanical tilt. The recommended no mechanical tilt, i.e., 90 degree downtilt relative the z axis, is adopted and the corresponding parameter in Table 1-7 has been revised accordingly.

Proposal: 
Adopt Table 1-7 for other parameters in #7.

3.2 System-level calibration
#1 Scenarios (including carrier frequency, bandwidth & subcarrier spacing)
	Company
	Scenarios

	ZTE
	Indoor hotspot (carrier frequency 30GHz), Urban macro (carrier frequency 30GHz), Dense Urban (macro layer carrier frequency 4GHz, micro layer carrier frequency 30GHz)
Independent calibration for macro layer and micro layer for dense urban scenario.
· Macro layer: macro-only 10 users per TRP, all UEs are connected to macro layer. Users randomly and uniformly dropped throughout the macro geographical area
· Micro layer: micro-only 3 micro BSs per macro BS and 10 users per TRP


	Ericsson
	Note that if joint calibration of macro and micro layer should be done in Phase 3, the existing 3GPP channel models cannot be used since potential correlations of parameters below and above 6 GHz have not been developed yet.

	LGE
	Indoor hotspot (carrier frequency 30GHz), Urban macro (carrier frequency 30GHz), Dense Urban (macro layer carrier frequency 4GHz and micro layer carrier frequency 30GHz will be independently calibrated)


Observation and comment:  All companies are OK with ZTE’s proposal. Notes that macro layer and micro layer for dense urban scenario are independently calibrated. 
Proposal: 
Indoor hotspot (carrier frequency 30GHz), Urban macro (carrier frequency 30GHz), Dense Urban (macro layer carrier frequency 4GHz, micro layer carrier frequency 30GHz)
Independent calibration for macro layer and micro layer for dense urban scenario.
· Macro layer: macro-only 10 users per TRP, all UEs are connected to macro layer. Users randomly and uniformly dropped throughout the macro geographical area
· Micro layer: micro-only 3 micro BSs per macro BS and 10 users per TRP

#2 TXRU mapping to antenna elements
	Company
	TXRU mapping to antenna elements & TXRU virtualization weights

	ZTE
	For 30GHz, 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.   
For 4GHz, TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x N x 2.
i.e. the 2D sub-array partition model defined in TR36.897 is used as in the following:
-	q is given by q=x⊗(vi⊗wo)
where
-	q is a Tx signal vector at the M co-polarized antenna elements within a column
-	wo and vi is a wideband TXRU virtualization weight vector 
-	x is a TXRU signal vector at MTXRU TXRUs
-	The length of wo is given by K = M/MTXRU
-	The length of vi is given by L = N/NTXRU

-	wo for  is given by

-	

-	vi for is given by

-	
This virtualization is applied to both TRP and UE.

	Ericsson
	 OK with ZTE’s proposal

	LGE
	OK with ZTE’s proposal


Observation and comment:  All are OK with ZTE’s proposal.
Proposal: 
For 30GHz, 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, i.e., 2D sub-array partition model defined in TR36.897.  Number of TXRUs= Mg x Ng x 2.   
For 4GHz, TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT , i.e., 1D sub-array partition model defined in TR36.897.  Number of TXRUs= Mg x Ng x N x 2.
Notes: The configuration for DFT (like oversampling factor) has been interpreted in # 4.

#3 Constraints for the range of selective beams per TRP sector
	Company
	Constraints for the range of selective beams per TRP sector

	ZTE
	Urban macro: three sectors; the directions of beams, e.g., DFT codebook, are within [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain, taking into account the UE’s distribution;
Dense urban(macro layer): three sectors; the directions of beams, e.g., DFT codebook, are within [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain, taking into account the UE’s distribution;
Dense urban(micro layer): the directions of beams, e.g., DFT codebook, are within [-60, 60] degrees in azimuth domain and [35, 135] degrees in zenith domain, taking into account the UE’s distribution;
Indoor hotspot: Indoor hotspot follows Option 1 of 12 sites agreed in email discussion [86-27].  
The directions of beams, e.g., DFT codebook, are within [0, 180] in azimuth and [0, 180] in zenith, taking into account the UE’s distribution. 
Notes: The boresight of antenna placement of these panels is perpendicular to the ceiling, instead of in parallel with the ceiling. In this scenario, the traditional antenna array perpendicular to ground is rotated 90 degrees along clockwise direction and mounted on the ceiling in the calibration layout. That means that the “vertical side” (i.e., “M”) and (“horizontal side” (i.e., “N”) of the array is placed according to the following figure.




	Ericsson
	OK with ZTE’s proposal

	LGE
	OK with ZTE’s proposal


Observation and comment:  All are OK with ZTE’s proposal.
Proposal: 
Urban macro: three sectors; the directions of beams, e.g., DFT codebook, are within [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain, taking into account the UE’s distribution;
Dense urban(macro layer): three sectors; the directions of beams, e.g., DFT codebook, are within [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain, taking into account the UE’s distribution;
Dense urban(micro layer): the directions of beams, e.g., DFT codebook, are within [-60, 60] degrees in azimuth domain and [35, 135] degrees in zenith domain, taking into account the UE’s distribution;
Indoor hotspot: Indoor hotspot follows Option 1 of 12 sites agreed in email discussion [86-27].  
The directions of beams, e.g., DFT codebook, are within [0, 180] in azimuth and [0, 180] in zenith, taking into account the UE’s distribution. 

 #4 Criteria for Selection for serving TRP
	Company
	Criteria for analog beam selection

	ZTE  
	The serving TRP is selected under the objective of maximizing RSRP with best analog beam pair, where the digital beamforming is not considered here. The other TRPs seem as the interfering ones. 

	Ericsson
	OK with ZTE’s proposal

	LGE
	Maximizing RSRP with the best beam pair


Observation and comment:  All are basically OK with ZTE’s proposal.
Proposal: 
The serving TRP is selected under the objective of maximizing RSRP with best analog beam pair, where the digital beamforming is not considered here. The other TRPs seem as the interfering ones.

#5 Criteria for analog beam selection for serving TRP
	Company
	Criteria for analog beam selection for serving TRP

	ZTE  
	Select the best beam pair among the limited set of DFT beams with oversampling factor=1, based on the criteria of maximizing post-beamforming RSRP, where this RSRP denotes that  over all subcarriers with linear average. 
Notes: the DFT beam candidate in this beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN 
where r denotes the oversampling factor, N denotes the number of vertical/horizontal antennas.    
Notes: these beam candidates should be down-selected, according to the valid ranges of beam directions per scenarios for system level calibration.  Additionally, since the sinc function instead of cosine might be used, e.g., for generating its horizontal-related weight vectors, the beam direction potentially ranges from –pi/2 to pi/2 and therefore the aforementioned formula should be revised accordingly.     

	Ericsson
	OK with ZTE’s proposal

	LGE
	We are not fully agreed with ZTE since beams generated from uniformly divided etilt and escan angles are not oversampled DFT beam.  Thus, we prefer to have DFT based beam selection with oversampling factor of 1 as 



Observation and comment:  Similar to link level calibration. Majority are OK with ZTE’s proposal but the classical DFT based beam selection with oversampling factor of 1 is also recommended. 
The beams generated from uniformly divided etilt and escan angles according to the 2D sub-array partition model defined in TR36.897 as mentioned in #2 have a clear direction of transmission and receive, which would be beneficial for down-selecting the valid beam within the weight matrix within the valid ranges of beam directions if required like SLS calibration; however considering that:




the transformation from the factor of  into beam direction would hardly be achieved especially for the vertical virtualization at 4GHz, where . In order to obviously guarantee beam direction and accelerate MIMO calibration, the method of uniformly dividing etilt and escan angles are recommended. 
Proposal: 
Select the best beam pair among the limited set of DFT beams with oversampling factor=1, based on the criteria of maximizing receive power after beamforming. 
Notes: the DFT beam candidate in this beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN 
where r = 1 (which is analogue to oversampling factor of 1), N denotes the number of vertical/horizontal antennas.   

#6 Criteria for Beam Selection for interfering TRP
	Company
	Criteria for Beam Selection for interfering TRP

	ZTE  
	Randomly select beams for non-serving TRPs for calculation of interference power. Meanwhile, the digital beamforming for non-serving TRPs would not be considered for interference calculation, i.e., only using single TXRU with one panel (for 30GHz)/one vertical-dimension virtualization (for 4GHz) and one polarization accordingly.    

	Ericsson
	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.

	LGE
	Agree with ZTE that considering only randomly select analog beams for interference calculation. 


Observation and comment:  Using real traffic in adjacent cells for the interference model would reflect the actual interference.  This method is suggested taking into account randomly beam selection for non-serving TRP has been calibrated.
 Proposal: 
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.


#7 Scheduling algorithm
	Company
	Scheduling algorithm

	ZTE
	PF scheduler

	Ericsson
	Round robin scheduler for simplicity. The PF scheduler is not properly defined without additional parameters, and using PF will lead to divergence among companies. Since full buffer is proposed (which is unrealistic), it makes sense to use RR scheduler as well.

	LGE
	PF scheduler


Observation and comment: In order to reach consensus among companies, round robin scheduler for simplicity is recommended.
Proposal: 
Adopt round robin scheduler as the scheduler algorithm with SU-MIMO wideband scheduling at least for Phase 2 calibration. 

#8 Traffic Model
	Company
	Traffic Model

	ZTE
	Full buffer

	Ericsson
	OK with full buffer for calibration purpose

	LGE
	Full buffer


Observation and comment:  All are basically OK with ZTE’s proposal.
Proposal: 
Adopt full buffer as a traffic model in Phase 2 calibration.

#9 Metrics
In [86-20] email discussion, we have the following agreement on Phase 1 and Phase 2 metrics for system level calibration:
Agreements:
Adopt the following metrics:
Phase 1:  CDF of wideband SINR with and without beamforming  
Phase 2:  CDF of spectral efficiency
Therefore, CDF of spectral efficiency is used as metrics for Phase 2 calibration.

#10 Calibration on DL only or both UL and DL?
	Company
	Metrics

	ZTE
	DL only

	Ericsson
	DL only

	LGE
	DL only


Observation and comment:  All are basically OK with ZTE’s proposal.
Proposal: 
Calibrate DL only in Phase 2 calibration.

#11 Other parameters:
Table 2-11 Other parameters
	Parameter 
	Values 

	BS Tx power 
	Refer to [1] 

	Carrier frequency, bandwidth, and subcarrier spacing
	Use the following parameters for 4GHz and 30GHz:
Carrier frequency = 4GHz, bandwidth = 20MHz, subcarrier spacing = 15kHz.
Carrier frequency = 30GHz, bandwidth = 40MHz, subcarrier spacing = 60kHz

	Noise figure for BS 
	Below 6GHz: 5 dB; Above 6GHz: 7 dB

	Noise figure for UE 
	Below 6GHz: 9 dB; Above 6GHz: 10dB

	BS antenna configurations 
	Refer to the baselines in [1] and Option 1 of Indoor Hotspot agreed in [86-27].

	BS antenna pattern 
	Refer to [1] 

	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: 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)

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

	UE antenna pattern 
	Refer to [1] 

	Inter-panel calibration 
	Ideal 

	Control overhead 
	Zero 

	UE receiver type 
	MMSE-IRC 

	Number of UEs
	Refer to [1]

	UE distribution 
	Refer to [1]  

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

	MIMO mode 
	SU-MIMO with rank=1

	MCS
	Use LTE MCS 


NOTE: Any other parameters not specified follow [1].

Comments and suggestions for other issues, which are not limited to other parameters in #9:
	Company
	Comments and suggestions for other issues

	Ericsson
	We need to discuss and clarify how the BS TX power should be allocated in the node association. We propose to divide the total TX power by the number TXRUs.
Clarify BS and UE array orientation according to email discussion.
In addition to spectral efficiency, we propose to also consider outage in the Urban Macro 30 GHz scenario since many UEs will not have coverage. 
Clarify UE antenna pattern for 4 GHz. We propose to use an isotropic UE antenna with 0 dBi gain and polarization angles 0 and 90 degrees
We propose not to use any mechanical tilt.
[Ericsson]: Outage is defined as the percentage of users that has zero throughput

	
	

	
	


Observation and comment:  Taking into account BF scheme of Analog BF based on beam selection + Digital BF based on ideal SVD, the total BS TX power should be allocated according the eigenvector of ideal SVD.

Taking into account that in UMa scenario UE might not have coverage, it is suggest that the outage, defined as the percentage of users that has zero throughput, as a new metric for UMa scenario in Phase 2 calibration.
Regarding the UE antenna pattern for 4GHz, please refer to [1], i.e., an isotropic UE antenna with 0 dBi gain and polarization angles 0 and 90 degrees.
The recommended no mechanical tilt, i.e., 90 degree downtilt relative the z axis, is adopted.
Other issues like BS and UE array orientation can follow the email discussion.  
Proposal: 
Adopt Table 1-7 for other parameters in #7. 
Adopt outage, defined as the percentage of users that has zero throughput, as a new metric for UMa scenario (30GHz) in Phase 2 calibration
Notes that the recommended no mechanical tilt, i.e., 90 degree downtilt relative the z axis, is adopted.

[bookmark: _GoBack]
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