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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN1#86, the agreements of starting MIMO calibration have been made[1]. The calibration related assumptions for phase 2 [2] and following aspects for [87-30] email discussion have been endorsed in RAN1#87 meeting. 
· Email (till next meeting) to collect additional phase 1 and phase 2 simulation results and clarify simulation assumptions, if any – Ruyue (ZTE)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution summarizes the agreements for simulation assumptions used for Phase 2 calibration and makes further clarifications according to the thorough discussions in RAN1#87 offline discussion and [87-30] email discussion.
Discussion on Phase 3 calibration
UE movement calibration
#1 Scenarios (including carrier frequency)
	Company
	Scenarios

	ZTE
	Urban macro (carrier frequency 30GHz) 

	DOCOMO
	Urban macro (carrier frequency 30GHz) 

	
	


Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
Adopt Urban macro (carrier frequency 30GHz) scenario for UE movement calibration
 
#2 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 per 10 ms, based on the criteria of maximizing receive power after beamforming. 

	DOCOMO
	1. For coupling loss and geometry evaluation, select the best beam pair among the limited set of DFT beams when recording the results, based on the criteria of maximizing receive power after beamforming.
2. For performance evaluation, select the best beam pair among the limited set of DFT beams per X ms, based on the criteria of maximizing receive power after beamforming. (Selection of X shall consider the trade-off between evaluation complexity and modelling accuracy.)

	
	


Observation and comment: For achieving alignment among proponents, coupling loss and geometry as basic metric could show some more details and this configuration from DOCOMO are adopted. Besides, for performance evaluation, i.e., spectral efficiency, X=10 ms, as proposed by ZTE.
 
Proposal: 
For coupling loss and wideband SINR with beamforming, select the best beam pair among the limited set of DFT beams when recording the results, based on the criteria of maximizing receive power after beamforming.
For spectral efficiency, select the best beam pair among the limited set of DFT beams per 10 ms, based on the criteria of maximizing receive power after beamforming. 


#3 Configurations for UE movement
In [86-20] email discussion, we have the following agreement on UE movement for calibration:
Agreements:
UE is moving with random direction per drop based on spatial consistency feature in TR38.900 with fixed speed stated in [4] for each scenario.
Therefore, the simulation configuration that UE is moving with random direction per drop based on spatial consistency feature in TR38.900 with fixed speed stated in [4] for each scenario is used as configuration for Phase 3 UE movement calibration.

#4 Consider optionally spatial consistency between NLOS and LOS or not?
	Company
	Consider optionally spatial consistency between NLOS and LOS or not?

	ZTE
	LOS/NLOS status is kept unchanged per simulation drop, i.e., without considering optional soft LOS state

	DOCOMO
	Agree with ZTE

	
	


Observation and comment:  All are OK with ZTE’s proposal
Proposal: LOS/NLOS status is kept unchanged per simulation drop, i.e., without considering optional soft LOS state

#5 Shadow fading with UE movement
	Company
	Shadow fading with UE movement

	ZTE
	Shadow fading is kept unchanged per simulation drop.

	DOCOMO
	1. [bookmark: _GoBack]For coupling loss and geometry evaluation, shadow fading need to be recalculated when recording the results
2. For performance evaluation, shadow fading need to be recalculated per X ms (Selection of X shall consider the trade-off between evaluation complexity and modelling accuracy.)

	
	


Observation and comment:  If shadow fading should be recalculated, the consistency between before and after recalcuating would be broken, which might not represent the real channel properties. For perspective of MIMO calibration, it is recommended that shadow fading is kept unchanged per simulation drop.  

Proposal: Shadow fading is kept unchanged per simulation drop.


#6 Other parameters including metrics not specified here follow those of Phase 2 calibration:

Comments and suggestions for other issues:
	Company
	Comments and suggestions for other issues

	DOCOMO
	100% UE outdoor

	DOCOMO
	1. Each UE determines a moving direction randomly at the beginning and maintain the direction during the simulation
2. TRP reselection and UE wrap around should be modelled in the mobility scenario.
3. Collect the UE data without TRP reselection

	DOCOMO
	The updating interval for small scale parameters is X ms (Selection of X shall consider the trade-off between evaluation complexity and modelling accuracy.)

	DOCOMO
	Collect the results after [2000] ms

	DOCOMO
	1. CDF of coupling loss at 0 ms and Y ms (serving cell)
2. CDF of wideband SINR with beamforming at 0 ms and Y ms
3. Phase-2 metrics

	Huawei
	For spatial consistency model used for mobility case, I assume procedure A in 38.900 will be used, as it has been calibrated in channel model SI.



Observation and comment: It would be complicated that TRP reselection and UE wrap around is modelled in mobility scenario. Therefore in MIMO calibration, TRP reselection and UE wrap would not be recommended in phase 3 calibration. 
Proposal:
In Phase 3 calibration for UE mobility, the following assumptions are adopted 
1) 100% UE is outdoor;
2) Each UE determines a moving direction randomly at the beginning and maintain the direction during the simulation;
3) Collect the UE data without TRP reselection;
4) The updating interval for small scale parameters is X ms, where X is recommended as 1 ms;
5) Collect the results after 2000 ms
6) CDF of coupling loss at 0 ms and Y ms (serving cell), where Y is 1000 ms, where Y is 300 ms, after the beginning time of collecting the results;
7) CDF of wideband SINR with beamforming at 0 ms and Y ms, where Y is 1000 ms, where Y is 300 ms, after the beginning time of collecting the results;
8) Phase-2 metrics for SLS 
9) Spatial consistency model- procedure A in TR 38.900 

UE rotation calibration
 #1 Scenarios (including carrier frequency)
	Company
	Scenarios

	ZTE
	Urban macro (carrier frequency 30GHz) 

	DOCOMO
	Urban macro (carrier frequency 30GHz) 

	
	


 Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
Adopt Urban macro (carrier frequency 30GHz) scenario for UE movement calibration

#2 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 per 10 ms, based on the criteria of maximizing receive power after beamforming. 

	DOCOMO
	1. For coupling loss and geometry evaluation, select the best beam pair among the limited set of DFT beams when recording the results, based on the criteria of maximizing receive power after beamforming.
2. For performance evaluation, select the best beam pair among the limited set of DFT beams per X ms, based on the criteria of maximizing receive power after beamforming. (Selection of X shall consider the trade-off between evaluation complexity and modelling accuracy.)

	
	


Observation and comment: For achieving alignment among proponents, coupling loss and geometry as basic metric could show some more details and this configuration from DOCOMO are adopted. Besides, for performance evaluation, i.e., spectral efficiency, X=10 ms, as proposed by ZTE.
 
Proposal: 
For coupling loss and wideband SINR with beamforming, select the best beam pair among the limited set of DFT beams when recording the results, based on the criteria of maximizing receive power after beamforming.
For spectral efficiency, select the best beam pair among the limited set of DFT beams per 10 ms, based on the criteria of maximizing receive power after beamforming. 

#3 Configurations for UE rotation
In [86-20] email discussion, we have the following agreement on UE rotation for calibration:
Agreements:
UE is rotating with random direction per drop based on UE rotation feature in TR38.900 with fixed speed of 50 rpm as a working assumption.  For simplicity, we can only rotate the bearing angle.  Companies are encouraged to provide results for other speeds.  
Therefore, the simulation configuration that UE is rotating with random direction only for bearing angle per drop based on UE rotation feature in TR38.900 with fixed speed of 50 rpm is used as configuration for Phase 3 UE rotation calibration. Companies are also encouraged to provide results for other speeds.  

#4 Other parameters including metrics not specified here follow those of Phase 2 calibration:

Comments and suggestions for other issues:
	Company
	Comments and suggestions for other issues

	DOCOMO
	Collect the results after [300] ms

	DOCOMO
	1. CDF of coupling loss at 0 ms and Y ms (serving cell)
2. CDF of wideband SINR with beamforming at 0 ms and Y ms
3. Phase-2 metrics

	
	



Proposal:
In Phase 3 calibration for UE rotation, the following assumptions are adopted 
1) Collect the results after 300 ms
2) CDF of coupling loss at 0 ms and Y ms (serving cell), where Y is 300 ms, after the beginning time of collecting the results;
3) CDF of wideband SINR with beamforming at 0 ms and Y ms, where Y is 300 ms, after the beginning time of collecting the results;
4) Phase-2 metrics

Channel blockage
 #1 Scenarios (including carrier frequency)
	Company
	Scenarios

	ZTE
	Urban macro (carrier frequency 30GHz) 

	DOCOMO
	Urban macro (carrier frequency 30GHz) 

	
	


Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
Adopt Urban macro (carrier frequency 30GHz) scenario for channel blockage
 

#2 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 per drop, based on the criteria of maximizing receive power after beamforming. 

	DOCOMO  
	Agree with ZTE

	
	


Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
Select the best beam pair among the limited set of DFT beams per drop, based on the criteria of maximizing receive power after beamforming.

#3 Configurations for channel blockage
In [86-20] email discussion, we have the following agreement on channel blockage for calibration:
Agreements:
Adopt blockage Model-A K=5 in TR38.900 for calibration  
Therefore, blockage Model-A K=5 in TR38.900 is adopted for calibration.  

#4 Channel blockage is time invariant or variant?
	Company
	Channel blockage is time invariant or variant

	ZTE
	Channel blockage is time invariant, i.e., the speed of the moving blocker = 0, and occurs only at the beginning of simulation drop.

	DOCOMO
	Agree with ZTE

	
	


Observation and comment:  All are OK with ZTE’s proposal
Proposal: 
Channel blockage is time invariant, i.e., the speed of the moving blocker = 0, and occurs only at the beginning of simulation drop.


#5 Other parameters including metrics not specified here follow those of Phase 2 calibration:

 Comments and suggestions for other issues:
	Company
	Comments and suggestions for other issues

	DOCOMO
	Metrics:
1. CDF of coupling loss at 0 ms and Y ms (serving cell)
2. CDF of wideband SINR with beamforming at 0 ms
3. CDF of ASA from the serving cell at 0 ms
4. Phase-2 metrics

	
	

	
	



Proposal:
In Phase 3 calibration for channel blockage, the following metrics are adopted 
1. CDF of coupling loss at 0 ms and Y ms (serving cell), where Y is 100 ms
2. CDF of wideband SINR with beamforming at 0 ms
3. CDF of ASA from the serving cell at 0 ms
4. Phase-2 metrics

Evaluation assumption related to NR-MIMO Phase 2 calibration
Link-level calibration
This sub-section describes the agreements for simulation assumptions used for evaluating Phase 2 link-level calibration [2].
Table 1 Simulation assumptions for Phase 2 link-level calibration
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Subcarrier Spacing
	15kHz
	60kHz

	Data allocation	Comment by Windows 用户: *Notes: The parameters for data allocation have not been agreed but necessary for this link-level calibration taking into account the metrics of BLER. Therefore these recommended values are added here.
	8 RBs
· Note: Error free PDCCH decoding is assumed.
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	Channel Model
	CDL-A and CDL-B 
· delay spread =100ns
· 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.

	TXRU mapping to antenna elements
	One TXRU per vertical dimension per polarization
	One TXRU per panel per polarization

	TXRU mapping weights
	TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT, i.e., 1D sub-array partition model defined in TR36.897
	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 beam selection
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming*.  

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,4,2,1,1). (dV,dH) = (0.5, 0.5)λ
	(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 element radiation pattern
	According to TR36.873
	See Table A.2.1-6 in TR 38.802

	UE antenna configurations
	(M,N,P,Mg,Ng) = (1,1,2,1,1)
	(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 array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

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

	UE antenna element radiation pattern
	Omnidirectional
	See Table A.2.1-8 in TR 38.802

	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

	Metrics
	BLER w/ beamforming as a function of transmission SNR ranging from -20 dB to 0dB


*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.  
**Notes: The polarization angles are 0 and 90 and the panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels for above 6GHz.
System-level calibration
This sub-section describes the agreements for simulation assumptions used for evaluating Phase 2 system-level calibration [2].
Table 2 Simulation assumptions for Phase 2 indoor-hotpot system-level calibration*
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	Indoor in TR 38.900

	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.

	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**.  

	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

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1). 
(dV,dH) = (0.5, 0.5)λ
Notes: Boresight direction is perpendicular to the ceiling. 

	UE 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;
Notes: the polarization angles are 0 and 90

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

	BS antenna pattern
	See Table A.2.1-7 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	3m

	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 3km/h,
10 users per BS 

	Metric
	spectral efficiency


*Using option 1 of 12 sites agreed in email discussion [86-27]
**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.

Table 3 Simulation assumptions for Phase 2 urban-macro system-level calibration
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMa in TR 38.900

	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.

	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*.  

	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

	ISD
	500m

	BS Tx power
	43dBm

	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

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

	UE 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;
Notes: the polarization angles are 0 and 90

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

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP 

	Metric
	1) Outage** 
2) Spectral efficiency


*Notes: 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.
**Notes: Outage is defined as the percentage of users that has zero throughput. 

Table 4 Simulation assumptions for Phase 2 dense-urban (macro-layer) system-level calibration*
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Mode
	DL only

	Bandwidth
	20MHz

	Subcarrier Spacing
	15kHz

	Channel Model
	3D-UMa in TR36.873

	TXRU mapping to antenna elements
	One TXRU per vertical dimension per polarization

	TXRU mapping weights
	TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT, i.e., 1D 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.

	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**.  

	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 antenna element radiation pattern
	According to TR36.873

	UE antenna element radiation pattern
	Omnidirectional

	ISD
	200m

	BS Tx power
	44dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ 

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

	UE Configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1)
Notes: the polarization angles are 0 and 90

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	Noise figure for BS
	5dB

	UE receiver noise figure
	9dB

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP 

	Metric
	spectral efficiency


*Notes: 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
**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.

Table 5 Simulation assumptions for Phase 2 dense urban (micro-layer) system-level calibration*
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	3D-UMi in TR38.900

	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.

	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**.  

	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 [35, 135] in zenith domain

	Scheduling algorithm
	Round robin

	Traffic Model
	Full buffer

	BS Tx power
	33dBm

	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

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

	UE 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;
Notes: the polarization angles are 0 and 90

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

	BS antenna height
	10m

	UE antenna height
	Same as 3D-UMi in TR36.873

	Noise figure for BS
	5dB

	UE receiver noise figure
	9dB

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP 

	Number of the micro TRPs per macro TRP
	3

	TRP placement option
	One-sector deployment ：
Dropping of TRP and TRP antenna orientation according to TR 36.897 (non co-channel hetnet deployment)

	BS antenna element radiation pattern
	Directional in horizontal, directional in vertical (8dBi gain, HPBW = 65 o, vertical tilt 90o , Am=30dB, SLAv=30dB )

	Minimum distance between Micro TRPs
	40m

	Radius of UE dropping within a cluster
	50m

	Minimum distance between Macro TRP and UE
	10m

	Minimum distance between Micro TRP and UE
	10m

	Minimum distance between Micro TRP and Macro TRP	Comment by Windows 用户: Notes: These parameters have not been agreed for evaluation assumption in NR but necessary for dropping TRP according to TR 36.897 (non co-channel hetnet deployment). Therefore some recommended values are added here.

	20m

	Minimum distance between cluster center and Macro TRP
	20m

	Radius for micro TRP dropping in a cluster
	
55m

	Minimum distance between small cell cluster centers
	40m

	Metric
	spectral efficiency


*Notes: Independent calibration for macro layer and micro layer for dense urban scenario.
- Micro layer: micro-only 3 micro BSs per macro BS and 10 users per TRP.
**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.

Table 6 Other simulation assumptions for all above system-level calibration scenarios
	Parameter 
	Values 

	Inter-panel calibration 
	Ideal 

	Control overhead 
	Zero 

	UE receiver type 
	MMSE-IRC 

	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 


*Notes: The polarization angles are 0 and 90 and the panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels for above 6GHz.
Further clarifications on Phase 2 calibration assumption
Generation of link-level channel with scaling of angles 
The CDL-A,B with scaling of angles are adopted as the link level channel. The scaling of angles is achieved via applying uniform-distribution desired mean angle in Section 7.7.5.1 (as follows) in TR 38.900 accordingly. 

	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:

		(7.7-5)*
in which:

 	is the tabulated CDL angle

 	is the rms angular spread of the tabulated CDL

 	is the mean angle of the tabulated CDL

 	is the desired mean angle

 	is the desired rms angular spread

 	is the resulting scaled cluster angle.



* Notes: There exists a sign mistake in the earlier version of TR 38.900, but which has been revised in TP 38.900 V14.1.0.






According to the agreed evaluation assumptions in [86-20], it should be further elaborated that, for the above formula (7.7-5), =, and  is the weighted average value (i.e., , where  denotes power of n-th cluster). To be more specific, in CDL-A yields
	
 for AoD
	
  in AoA
	
 in ZoD, 
	
 in ZoA

	-2.05°
	-164.4°
	97.27°
	87.68°




 in CDL-B yields

	
 for AoD
	
  in AoA
	
 in ZoD, 
	
 in ZoA

	-4.96°
	176.6°
	105.64°
	71.76°




 yields the random value
uniformly distributed within [-60, 60] degrees for AoD;
uniformly distributed within  [90, 135] degrees for ZoD;
uniformly distributed within [-180, 180] degrees for AoA;
uniformly distributed within [45, 90] degrees for ZoA.
Notice that theses above-mentioned ranges are just for the angle scaling of link level simulation but not for restricting beam direction of BS/UE.  
Beam direction for Phase 2 link-level and system level calibrations 
Beam selections among the limited set of DFT beam have been agreed in Phase 2 calibration. 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. For understanding, we here summarize these directions of candidate beams for LLS and SLS calibration scenarios.  
#1 Link level calibration 
The directions of candidate beams for link level calibration are summarized as follows:
TRP: Direction of beams 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];

#2 System level calibration 
The directions of candidate beams for system level calibration are summarized as follows:
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];
Beam selection 
Beam Selection for TRP in LLS and serving TRP in SLS
TXRU virtualization weights, i.e. available analog beams, for each panel at 30GHz are the Kronecker product between vertical and horizontal weight vectors taken from DFT.  One fixed TRP panel with one polarization (i.e. only one TXRU) is used at TRP side for analog beam selection. With respect to this fixed TRP panel, the best beam pair and its associated panel per each UE panel is then identified based on the criteria of maximizing receive power with one polarization for UE (i.e. only one TXRU) after analog beamforming.  SVD is done to calculate the digital beam based on the selected analog Tx-Rx beams, which should be used for all panel all polarization for BS and the selected panel all polarization for UE. Notes that the UE panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels. Note that for 4GHz scenario, the TXRU virtualization is simplified into 1D in elevation domain, and the above-mentioned Method 2 for 30GHz would be reused but the granularity generating analog beams is modified into 1D vertically linear array instead of panel.    
Selection for serving TRP in SLS
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. 
Beam Selection for interfering TRP in SLS
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.
Metrics
#1 BLER of link-level 
In [2], BLER w/ beamforming  as a function of SNR ranging from -20 dB to 0dB is adopted the metric of link level calibration. This BLER here equals the BLER over all drops. Numerous drops should be done to cover different translation angle settings.  
#2 Spectral efficiency of system-level
In [2], the CDF of spectral efficiency is adopted as the metric of system level calibration. This spectral efficiency here equals that, taking into the overhead of RS, data throughput with beamforming is divided by its associated system bandwidth.
Besides, taking into account BF scheme of “analog BF based on beam selection + digital BF based on ideal SVD” in both LLS and SLS calibration, the channel estimation for “CSI feedback”, i.e., SVD decomposition, is ideal without delay but the channel estimation for demodulation should be based on LTE DMRS pattern. Also SVD is calculated the at the beginning of the slot and keeps that constant for the duration of the slot per PRB.
Antenna placement in link level and system level (besides Indoor hotpot)
The angles of CDL channel with angle scaling are still defined in GCS but not UT LCS, which means that the BS and UE array orientation should be considered for the transformation between GCS and UT LCS. Taking into account that UE/BS antenna array lies in the YZ-plane in the LCS according to TR 38.900, the transformation from LCS into GCS for BS/UE array orientation has been summarized as follows: 
	BS array orientation transformation from LCS into GCS
	azimuth 0 degree; mechanic downtilt: 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 degree that means that the downtilt angle of  boresight of antenna array is 110 degree with respect to Z-axis.  

	UE array orientation transformation from LCS into GCS
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree


*Notes: In Phase 2, the simulation assumption of no mechanical tilt (90 degree with respect to z-axis) has been agreed instead of that of 20 degrees in Phase 1 (110 degree with respect to z-axis).
The following details for boresight of UE/BS antenna placement in GCS have been summarized:
	BS array orientation in GCS 
	Azimuth: 0 degree with respect to x-axis; 
Downtilt: 90 degree with respect to z-axis 

	UE array orientation in GCS 
	Azimuth:  uniformly distributed on [0,360] degree with respect to x-axis; 
Downtilt: 90 degree with respect to z-axis


RS pattern for link level calibration in Phase 2
According to these agreements in Phase 2 calibration, LTE frame structure with 12 REs x 14 symbols is used. To be more specific, the first two symbols (24 REs) are assumed for control channel but (i.e., CFI=2) not for data transmission. One-port DMRS (12 REs), i.e., antenna port 7 for Rank=1 transmission (agreed in Phase 2 evaluation assumption [2]) is considered for data demodulation. Meanwhile 8 PRBs, i.e., transmission block size (TBS) of 256, are allocated for data transmission (Notes: for LTE MCS=1, QPSK is used for modulation). For the purpose of calibration, the RS pattern for link level calibration is shown in the following figure.
Note that CRS and CSI-RS are not considered here since SVD for digital beamforming is based on ideal channel estimation at the beginning of the slot per PRB. The same SVD beamforming is then used for the rest of the PRB. Some details can be found in Section 4.4.



Figure 1 RS pattern for link level calibration in Phase 2
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