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1 Introduction

New channel model is a fundamental component to enable 5G performance evaluation, thus it is quite important to verify the model’s capability and align its implementation. 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 channel model Ad-Hoc meeting, several issues on channel modeling calibration have been discussed especially in terms of scenarios and parameters [2], however, the discussion on calibration procedures has not been raised yet. 
In this contribution we investigate the objectives and procedures of channel modeling calibration, with further discussion on the preferred metrics in each phase.  
2 Objectives of channel modeling calibration 
The design objective of new channel model is to meet the agreed scenarios [3] and requirements [4], thus could be further used to evaluate the performance of potential technical solutions in 5G system, then to check how 5G network performs and whether could meet the performance requirements. Therefore, in the calibration procedure, we should verify the model’s capability and analyze whether it could support all the channel model requirements.
Proposal 1: channel modeling calibration should verify the support for channel model requirements.
In order to fairly compare different technical solutions in 3GPP, we should provide the aligned baseline performance with even different implementations among different companies. Channel model, as we all know, is the fundamental component in simulators due to its significant impact on the signal propagation characteristics. Therefore, calibration among different companies on the developed channel model is quite necessary for further technical performance evaluation. 
Proposal 2: channel modeling calibration should align the implementation of channel model among companies.
3 Procedures of channel modeling calibration
3.1 Overview of calibration procedures
Channel model is a complicated component in system level simulator, which can be divided into multiple sub-components related to different features respectively. In addition, the specific models for each sub-components are still under discussion, and some of them is not stable right now. Therefore, it is reasonable to carry out phased calibration procedures in order to verify the implementation of each sub-component and the overall impact of the complete model.
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Figure 1 Illustration of channel modeling calibration procedures.

To be specific, as shown in Figure 1, the new channel model is composed of mainly three parts, i.e., large scale fading model, small scale fading model, and additional feature model. Ideally, we should calibrate each model separately and then check whether the combination of any models is also aligned, which will definitely lead to heavy simulation workload. An alternative solution is to calibrate the models in an appendix manner, e.g., as shown in the figure, we use 4 steps to finish the whole calibration procedure. Firstly, we calibration the large scale fading models (e.g., including LoS probability, pathloss, shadow fading and penetration loss), then we enable the small scale fading and calibrate the combination of large and scale fading models. After that, we can further enable the models for additional features, and collect the calibration results. Finally, we should consider the impact of the channel model on the overall system performance, e.g., with specific technical solutions and traffic models. In this way, we can simplify the calibration procedures from exhaustive combination of sub-components to only 4 steps, and meanwhile, the capability and implementation of the channel models can also be well verified.
Proposal 3: the 4-step procedures should be considered in channel modeling calibration.
3.2 Detailed phases of calibration 

In this sub-section, we discuss the detailed assumption parameters and metrics in each calibration phase, taking the expected observations into account.
3.2.1 Phase 1

In phase1, the calibration work is focused on the large scale fading model, and other models including small scale fading and additional features are disabled. Since the fast fading and the impact of additional features do not exist, we can use the RSRP based on large scale fading to determine the user association results. As the user distribution and scenario layout are aligned as simulation assumption, the distribution of coupling loss between each user and its serving cell should also be identical among implementation of different companies. Furthermore, we can also consider the distribution of wideband SINR based on the large scale fading, assuming co-channel deployment and full load in each cell.  
Table 1 Simulation assumptions for phase 1 calibration.
	Parameter
	Values

	Scenarios 
	Indoor hospot (InH), Urban micro (UMi), Urban macro (UMa)

	Antenna configurations
	K=1, M=1

	Downtilt
	InH: N/A 
UMi/UMa: 102 degrees electrical tilt

	Handover margin (for calibration)
	0dB

	UE attachment
	Based on pathloss considering LOS angle

	Fast fading channel
	Fast fading channel is not modelled

	Wrapping method
	Geographical distance based (except for InH)

	Metrics
	1) Coupling loss – serving cell (based on LOS pathloss)

	
	2) Geometry (based on LOS pathloss)


3.2.2 Phase 2

In phase2, the impact of small scale fading model is further considered. Therefore, we should calculate RSRP based on the measurements from CRS port 0, which is impacted by both large scale fading and small scale fading. Also, the distribution of some LSPs (e.g., ASD/ASA/ZSD/ZSA) and their related derivation (e.g., singular value) can be taken as the calibration metrics.
Table 2 Simulation assumptions for phase 2 calibration.
	Parameter
	Values

	Scenarios
	Indoor hospot (InH), Urban micro (UMi), Urban macro (UMa)

	BS antenna configurations
	K=M=10, N=2, X-pol (+/-45), 0.5λ H/V,
InH: N/A, UMi/UMa: θetilt = 102 degrees

	BS port mapping
	the 4 antenna ports are mapped such that [0, 2, 1, 3] where 0/1 are -45 degree

	MS antenna configurations
	2Rx X-pol (0/+90)

	System bandwidth
	10MHz (50RBs) 

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

	Carrier Frequency 
	6GHz/30GHz/70GHz 

	Polarized antenna modelling
	Model-1

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

	UE antenna pattern
	Isotropic antenna gain pattern 
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	Wrapping method
	Geographical distance based (except for InH)

	Cluster elimination step 6
	scaling factor not changed after cluster elimination

	Handover margin (for calibration)
	0 dB

	Metrics
	CDF of coupling loss (serving cell)

	
	Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0

	
	CDF of ASD from the serving cell (according to circular angle spread definition of TR 25.996 [9] – Annex A and assuming an omni antenna pattern for
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	CDF of ASA from the serving cell (according to circular angle spread definition of TR 25.996 [9] – Annex A and assuming an omni antenna pattern for
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	CDF of ZSD from the serving cell (according to circular angle spread definition of TR 25.996 [9] – Annex A and assuming an omni antenna pattern for
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	CDF of ZSA from the serving cell (according to circular angle spread definition of TR 25.996 [9] – Annex A and assuming an omni antenna pattern for
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	CDF of largest (1st) singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	CDF of smallest (2nd) singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	CDF of the ratio between the largest singular value and the smallest singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale


3.2.3 Phase 3

In phase3, the impact of additional feature model is further considered. For some additional feature, e.g., spatial consistency, the current metrics may not be able to measure its impact, thus new metrics are needed. For example, when spatial consistency model is enabled, it is expected that when a user is moving in a certain short distance, e.g., 1 meter, some LSPs should evolve smoothly other than significantly variation.
Table 3 Simulation assumptions for phase 3 calibration.
	Parameter
	Values

	Scenarios
	Indoor hospot (InH), Urban micro (UMi), Urban macro (UMa)

	BS antenna configurations
	K=M=10, N=2, X-pol (+/-45), 0.5λ H/V,
InH: N/A, UMi/UMa: θetilt = 102 degrees

	BS port mapping
	the 4 antenna ports are mapped such that [0, 2, 1, 3] where 0/1 are -45 degree

	MS antenna configurations
	2Rx X-pol (0/+90)

	System bandwidth
	10MHz (50RBs) 

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

	Carrier Frequency 
	6GHz/30GHz/70GHz 

	Polarized antenna modelling
	Model-1

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

	UE antenna pattern
	Isotropic antenna gain pattern 
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	Wrapping method
	Geographical distance based (except for InH)

	Cluster elimination step 6
	scaling factor not changed after cluster elimination

	Handover margin (for calibration)
	0 dB

	Metrics
	CDF of coupling loss (serving cell)

	
	Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0

	
	CDF of ASD from the serving cell (according to circular angle spread definition of TR 25.996 [9] – Annex A and assuming an omni antenna pattern for
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	CDF of ASA from the serving cell (according to circular angle spread definition of TR 25.996 [9] – Annex A and assuming an omni antenna pattern for
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	CDF of ZSD from the serving cell (according to circular angle spread definition of TR 25.996 [9] – Annex A and assuming an omni antenna pattern for
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	CDF of ZSA from the serving cell (according to circular angle spread definition of TR 25.996 [9] – Annex A and assuming an omni antenna pattern for
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	CDF of largest (1st) singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	CDF of smallest (2nd) singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	CDF of the ratio between the largest singular value and the smallest singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	Autocorrelation of shadow fading 

	
	Autocorrelation of ASA 

	
	Autocorrelation of ZSA 

	
	Autocorrelation of power for cluster

	
	Autocorrelation of delay for cluster

	
	Autocorrelation of AOA for cluster 

	
	Autocorrelation of AOD for cluster 

	
	Autocorrelation of ZOA for cluster 

	
	Autocorrelation of ZOD for cluster

	
	Average varying rate of AOA for cluster 

	
	Average varying rate of AOD for cluster 

	
	Average varying rate of ZOA for cluster 

	
	Average varying rate of ZOD for cluster


3.2.4 Phase 4

In phase4, the impact of complete channel model on the overall system performance is considered. In this case, we should enable all the possible models for a specific technical solution, and then observe the performance of the network. It is expected that under the same simulation assumptions, the simulation results of network performance should also be identical or very close. Therefore, the combined impact of the channel model together with the implementation of simulators can be compared in a quantitative manner.
Table 4 Simulation assumptions for phase 4 calibration.
	Parameter
	Values

	Scenarios
	Indoor hospot (InH), Urban micro (UMi), Urban macro (UMa)

	BS antenna configurations
	K=M=10, N=2, X-pol (+/-45), 0.5λ H/V,
InH: N/A, UMi/UMa: θetilt = 102 degrees

	BS port mapping
	the 4 antenna ports are mapped such that [0, 2, 1, 3] where 0/1 are -45 degree

	MS antenna configurations
	2Rx X-pol (0/+90)

	System bandwidth
	10MHz (50RBs) 

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

	Carrier Frequency 
	6GHz/30GHz/70GHz 

	Duplex
	FDD

	Network sync
	Synchronized

	Number of UEs per cell
	10

	UE distribution 
	According to Table 6-1

	UE speed
	3km/h

	Polarized antenna modelling
	Model-1

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

	UE antenna pattern
	Isotropic antenna gain pattern 
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	Wrapping method
	Geographical distance based (except for InH)

	Cluster elimination step 6
	scaling factor not changed after cluster elimination

	Handover margin (for calibration)
	0 dB

	Traffic model
	Full-buffer

	Scheduler
	PF, 1 UE per TTI allocation

	Receiver
	Ideal channel estimation 

	
	Ideal interference modelling 

	
	MMSE-IRC receiver 

	Interference model
	Ideal interference from PDSCH which can be measured from IMR

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback
	PUSCH 3-1 

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook 

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB

	Transmission scheme
	TM10, single CSI process, SU-MIMO with rank adaptation

	Interference model
	Ideal interference from PDSCH, can be measured from IMR

	Metrics
	Cell average SE

	
	5% cell-edge SE


Proposal 4: the parameters and metrics in table1-4 should be considered in channel modeling calibration. 
4 Conclusions
We propose the objectives and procedures of channel modelling calibration in this paper, and the following conclusions were drawn.
Proposal 1: channel modeling calibration should verify the support for channel model requirements.
Proposal 2: channel modeling calibration should align the implementation of channel model among companies.
Proposal 3: the 4-step procedures should be considered in channel modeling calibration.
Proposal 4: the parameters and metrics in table1-4 should be considered in channel modeling calibration.
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