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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
According to the previous channel modeling study item [1], calibration is an efficient method to examine companies’ understanding and implementation of the developed channel models. At the RAN1 84b meeting, a WF on calibration of additional features was partly agreed [2], i.e., at least spatial consistency and blockage should be included into the calibration procedure of this SI. Furthermore, in the TPs agreed in the last meeting, other new features including the oxygen absorption loss, large bandwidth and large antenna array are also needed in the TR. However, how to calibrate the new features including metrics and methodologies is still under discussion.

In this contribution we discuss the calibration metrics and methodology for additional features based on the agreed WF, which can be used to guide the calibration work of additional features.

Calibration metrics and methodologies for additional features
Oxygen absorption
Oxygen absorption loss is applied only for carrier frequencies between 53 GHz and 67 GHz, while for other frequency range the oxygen absorption loss should not be added. To be specific, oxygen absorption loss is applied to the cluster responses generated in Step 11 of the channel coefficient generation procedure. The impact of oxygen absorption loss on the cluster responses would eventually impact the channel response with fast fading, and such impact is location and scenario independent, thus it is straightforward to reuse the existing metrics and methodology of full calibration to measure the impact of oxygen absorption. Since the oxygen absorption is scenario independent and only needed for a specific frequency range, we can focus on a specified scenario, e.g., UMi and a specific carrier frequency, e.g., 60GHz. Furthermore, in order to reduce the workload of calibration, we could focus on the metrics that shows the overall channel response. The detailed parameters for calibration of oxygen absorption are shown in the table below.
Table 1 – Calibration parameters for oxygen absorption







	Parameter
	Values

	Scenarios
	3D-UMi-street Canyon

	Sectorization
	3 sectors per cell site – 30, 150 and 270 degrees

	Carrier Frequency
	60 GHz

	Bandwidth
	100 MHz

	BS antenna configurations
	M=4,N=4,P=2, Mg=1, Ng =2, dH = dV = 0.5lambda, dH,g=dV,g=2.5lambda 

	BS port mapping
	all 16 elements for each polarization on each panel maps to one CRS port; panning angles of the two subarrays: (0,0) degs; same downtilt angles as used for the large-scale calibrations

	BS antenna downtilt
	102 degrees

	Antenna virtualization
	DFT precoding according to TR 36.897 with application of panning and tilting angles

	Polarized antenna modelling
	Model-2 in TR36.873

	BS Tx power
	35 dBm

	MS antenna configurations
	Mg=Ng=1, M=N=1, P=2

	Handover margin (for calibration)
	0dB

	UT distribution 
	Following TR36.873, 3D dropping
uniform dropping for indoor with minimum distance of 0 m

	UT attachment 
	Based on RSRP (formula) from CRS port 0

	UT noise figure
	9 dB

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

	UT antenna pattern
	Omnidirectional

	O2I penetration loss
	50% low loss and 50% high loss

	Wrapping method
	geographical distance based wrapping

	[bookmark: _Hlk450770035]Calibration method
	Drop multiple users in the multiple cells randomly, and collect the following metrics for each user after attachment.

	Metrics
	1) CDF of coupling loss (serving cell)
2) Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0 
3) CDF of Delay Spread from the serving cell



Proposal 1: adopt assumptions in Table 1 for calibration of oxygen absorption.
Large bandwidth and large antenna array
When large bandwidth and large antenna array need to be modelled, each ray within a cluster for a given Rx and Tx would have a unique time of arrival. Therefore, Step 11 in channel coefficient generation procedure should be updated to model individual rays. Since the impact of large bandwidth and large antenna array is also location and scenario independent, it is proposed also to reuse some of the existing metrics of full calibration. Since the modelling applies only when bandwidth is greater than the ratio of light speed and  maximum antenna aperture, we should define the related antenna configuration and bandwidth accordingly. The detailed parameters for calibration of large bandwidth and large antenna array are shown in the table below.

Table 2 – Calibration parameters for large bandwidth and large antenna array
	Parameter
	Values

	Scenarios
	3D-UMi-street Canyon

	Sectorization
	3 sectors per cell site – 30, 150 and 270 degrees

	Carrier Frequency
	30 GHz

	Bandwidth
	2 GHz

	BS antenna configurations
	M=8,N=8,P=2, Mg=1, Ng =4, dH = dV = 0.5lambda, dH,g=dV,g=4lambda 

	BS port mapping
	all 64 elements for each polarization on each panel maps to one CRS port; panning angles of the two subarrays: (0,0) degs; same downtilt angles as used for the large-scale calibrations

	BS antenna downtilt
	102 degrees

	Antenna virtualization
	DFT precoding according to TR 36.897 with application of panning and tilting angles

	Polarized antenna modelling
	Model-2 in TR36.873

	BS Tx power
	35 dBm

	MS antenna configurations
	Mg=Ng=1, M=N=1, P=2

	Handover margin (for calibration)
	0dB

	UT distribution 
	Following TR36.873, 3D dropping
uniform dropping for indoor with minimum distance of 0 m

	UT attachment 
	Based on RSRP (formula) from CRS port 0

	UT noise figure
	9 dB

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

	UT antenna pattern
	Omnidirectional

	O2I penetration loss
	50% low loss and 50% high loss

	Wrapping method
	geographical distance based wrapping

	Calibration method
	Drop multiple users in the multiple cells randomly, and collect the following metrics for each user after attachment.

	Metrics
	1) CDF of coupling loss (serving cell)
2) Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0 
3) CDF of largest (1st) PRB singular values (serving cell) at t=0 plotted in 10*log10 scale



Proposal 2: adopt assumptions in Table 2 for calibration of large bandwidth and large antenna array.
Spatial consistency
Spatial consistency procedure can be used for both cluster-specific and ray-specific random variables to be generated as spatially consistent. Particularly, spatial consistency should be applied to cluster specific random variables including delay, shadowing, and offset for AoD/AoA/ZoD/ZoA, and ray specific random variables including random coupling of rays, XPR and random phase. Furthermore, the LoS state should also be determined by comparing a realization of a random variable generated according to the spatial consistency procedure. The effect of spatial consistency procedure is that channel evolves smoothly without discontinuities when the Tx and/or Rx moves or turns. It also indicates that the channel characteristics are similar in closely located links, e.g., two close-by UTs seen by the same base station. Note the impact of spatial consistency is highly location dependent, or more accurately, location difference dependent. Therefore, we cannot only reuse the existing metrics for full calibration, as the CDF of RSRP/Geometry/LSP would not fully reflect the spatial distribution of the related variables. For example, assume we have the same channel response results with two different implementations, but the spatial distribution of the response is quite different, then with the existing metrics we cannot find the difference as they focus only on the overall distribution which is location independent. Therefore, in order to calibrate the spatial consistency, we need some new metrics.
As mentioned above, spatial consistency should take at least two scenarios into account, i.e., stationary scenario and mobility scenario. In stationary scenario, two close-by UTs should experienced quite similar channel response, which can be denoted as the relationship between inter-user distance and correlation factor of specific variables. In mobility scenario, a particular UT would change its location as the simulation runs, then the variables of the said UT would also change as the location changes. In this way, we can use the varying rate of a certain UT in terms of specific variables to show the spatial consistency performance. In order to make the calibration easier to aligned, it is proposed to calculate the varying rate of each UT, and then take the CDF of varying rate of all the UTs as the metric for comparison. 
Table 3 – Calibration parameters for spatial consistency
	Parameter
	Values

	Scenarios
	3D-UMi-street Canyon

	Sectorization
	3 sectors per cell site – 30, 150 and 270 degrees

	Carrier Frequency
	30 GHz

	Bandwidth
	100 MHz

	BS antenna configurations
	M=4,N=4,P=2, Mg=1, Ng =2, dH = dV = 0.5lambda, dH,g=dV,g=2.5lambda 

	BS port mapping
	all 16 elements for each polarization on each panel maps to one CRS port; panning angles of the two subarrays: (0,0) degs; same downtilt angles as used for the large-scale calibrations

	BS antenna downtilt
	102 degrees

	Antenna virtualization
	DFT precoding according to TR 36.897 with application of panning and tilting angles

	Polarized antenna modelling
	Model-2 in TR36.873

	BS Tx power
	35 dBm

	MS antenna configurations
	Mg=Ng=1, M=N=1, P=2

	Handover margin (for calibration)
	0dB

	UT distribution 
	Following TR36.873, 3D dropping
uniform dropping for indoor with minimum distance of 0 m
For Config1: 100% UT indoor and in the 1st floor
For Config2: 100% UT outdoor

	UT attachment 
	Based on RSRP (formula) from CRS port 0

	UT noise figure
	9 dB

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

	UT antenna pattern
	Omnidirectional

	O2I penetration loss
	50% low loss and 50% high loss

	Wrapping method
	geographical distance based wrapping

	Mobility
	Config1: UT is stationary
Config2: UT is moving with random direction and fixed speed, e.g., 30 km/h

	Calibration method
	For Config1:
Drop multiple UTs in a single cell, determine all permutations of pairs of UTs, collect the variables for each pair and bin them into certain distance ranges, e.g., 1m/2m/10m, to get enough samples. Collect the following metrics 1) –6).
For Config2:
Drop multiple users in the single cell, and collect metric 1)-2) and 7)-9) for each user after attachment.

	Metrics
	1) CDF of coupling loss (serving cell)
2) Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0 
3) Cross-correlation coefficient of delay for the third cluster between paired UTs**
4) Cross-correlation coefficient of AoA for the third cluster between paired UTs
5) Cross-correlation coefficient of LoS/NLoS status between paired UTs
6) Cross correlation coefficient of the channel response in Step 11 on the first single subcarrier in a first PRB in an OFDM symbol on antenna port 0 received on the first UT antenna over multiple realizations between paired UTs
7) CDF of average varying rate of power for the third cluster**
8) [bookmark: _GoBack]CDF of average varying rate of delay for the third cluster
9) CDF of average varying rate of AoA for the third cluster


*For the UT pair at a certain distance range, the variables collected by two UTs can be denoted as X and Y, respectively, then the cross-correlation coefficient can be written as [E(XY)-E(X)E(Y)]/sqrt([E(X^2)-E(X)^2]/ sqrt([E(Y^2)-E(Y)^2]).
**For the average varying rate, we assume the collecting interval, e.g., 100ms, and then get the samples for a certain UT, the varying rate can be written as the standard variance of the samples / 100ms. 
Proposal 3: adopt assumptions in Table 3 for calibration of spatial consistency.
UT Blockage 
When blockage model is applied, additional steps should be added in the channel coefficient generation procedure. To be specific, K number of 2D angular blocking regions are generated around a particular UT, and optionally one of the K angular blocking regions represents self-blocking. Then the size, location and attenuation of each blocker would be generated, which eventually determines the blocking regions and the channel response. Since the parameters of blockers are randomly specified in a certain scenario, the parameters would impose overall impact on the final channel response. It is with high probability that turn on/off the blockage model would significantly change the distribution of the variables. Therefore, we can also reuse the metrics of full calibration for the blockage. In addition, in order to show the impact of blockage in a more clear manner, some new metric, e.g., the power-UT function can also be used. The detailed parameters and method to calibrate blockage are shown in the table below.
Table 4 – Calibration parameters for blockage
	Parameter
	Values

	Scenarios
	3D-UMi-street Canyon

	Sectorization
	3 sectors per cell site – 30, 150 and 270 degrees

	Carrier Frequency
	30 GHz

	Bandwidth
	100 MHz

	BS antenna configurations
	M=4,N=4,P=2, Mg=1, Ng =2, dH = dV = 0.5lambda, dH,g=dV,g=2.5lambda 

	BS port mapping
	all 16 elements for each polarization on each panel maps to one CRS port; panning angles of the two subarrays: (0,0) degs; same downtilt angles as used for the large-scale calibrations

	BS antenna downtilt
	102 degrees

	Antenna virtualization
	DFT precoding according to TR 36.897 with application of panning and tilting angles

	Polarized antenna modelling
	Model-2 in TR36.873

	BS Tx power
	35 dBm

	MS antenna configurations
	Mg=Ng=1, M=N=1, P=2

	Handover margin (for calibration)
	0dB

	UT distribution 
	Following TR36.873, 3D dropping
uniform dropping for indoor with minimum distance of 0 m

	UT attachment 
	Based on RSRP (formula) from CRS port 0

	UT noise figure
	9 dB

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

	UT antenna pattern
	Omnidirectional

	O2I penetration loss
	50% low loss and 50% high loss

	Wrapping method
	geographical distance based wrapping

	Calibration method
	For Option A:
Drop multiple users in the multiple cells, and collect the following metrics 1) – 3) for each user after attachment. Optional self-blocking feature is made mandatory in the Landscape mode only for calibration purposes.
For Option B: 
Drop a BS in (0,0,30) and a UT in (100,0,1.5), 
Jump directly to step 11 and replace the channel with CDL-A.
Drop a blocking screen of size 10x2 m in (80,10,1.5)
Move the UT from (100,0,1.5) to (100,20,1.5) in small increments.
Collect metric 4)

	Metrics
	1) CDF of coupling loss (serving cell)
2) Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0 
3) CDF of ASA from the serving cell
4) RSRP as a function of UT position



Proposal 4: adopt assumptions in Table 4 for calibration of blockage.
[bookmark: _Ref129681832]Conclusions
In this paper, we discussed the calibration of additional features for new channel model, according to which the following proposal was drawn.
Proposal 1: adopt assumptions in Table 1 for calibration of oxygen absorption.
Proposal 2: adopt assumptions in Table 2 for calibration of large bandwidth and large antenna array.
Proposal 3: adopt assumptions in Table 3 for calibration of spatial consistency.
Proposal 4: adopt assumptions in Table 4 for calibration of blockage.
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