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1 Introduction

In [1], Map-based hybrid channel model is introduced as an alternative to the conventional statistic methodology. Map-based hybrid channel model is composed of a deterministic component and stochastic component. The radio channels in map-based hybrid channel model are created using the deterministic ray-tracing upon a digitized map and emulating certain stochastic components according to the stochastic parameters on table 7.5-6 to 7.5-10[1]. The channel realizations are obtained by a step-wise procedure illustrated in figure 1. 
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Figure 1: Channel coefficient generation procedure

Simplified step-wise procedure from figure 1 is as follows:(more detailed procedure refers to 8.4 in [1])
Step 1: Set environment and import digitized map accordingly
Step 2: Set network layout, and antenna array parameters
Step 3: Apply ray-tracing to each pair of link ends 
Step 4: Generate large scale parameters e.g. delay spread, angular spreads and K factor for random clusters.
Step 5: Generate delays for random clusters
Step 6: Generate powers for random clusters.
Step 7: Generate arrival angles and departure angles for both azimuth and elevation, for each random cluster.
Step 8: Merge deterministic clusters and random clusters.
Step 9: Generate ray delays and ray angle offsets inside each cluster, where the cluster can be either random or deterministic.
Step 10: Generate power of rays in each cluster, where coupling of rays within a cluster for both azimuth and elevation could be needed.
Step 11: Generate XPRs
Step 12: Draw initial random phases
Step 13: Generate channel coefficients for each cluster and each receiver and transmitter element pair
How many random clusters are generated in SLS based on map-based hybrid channel model can be adjustable according to evaluation environment/situation while the large scale parameters and deterministic clusters are derived from ray-tracing results of the specific area. In this contribution, we share the effect of random clusters according to the random cluster generation parameters.
2 Evaluation Setting and Results
According to the procedure in [1], system level evaluation was performed. Input information to generate the channel based on map-based hybrid channel model is as follows. The size of digital map area is about 500m x 420m. Antenna direction and tilting is adjusted per BS site appropriately. 
[image: image2.png]



Figure 2: Digital map example
After loading and setting the information for ray-tracing, radio channels were generated base on map-based hybrid channel generation procedure in [1]. During channel generation, there is a configurable parameter P0 that controls how many random clusters will be generated in step 4. In step 4, some random clusters with the cluster inter-arrival interval less than threshold(τth) can be removed after generating proper random clusters. The threshold can be adjusted by a configurable parameter P0. If threshold gets larger, the number of random clusters that remain after the cluster removal decreases. 
In this contribution, we share the effect of random cluster according to configurable parameter P0.

1 Average number of cluster according to P0
Table 1 shows an average number of generated clusters according to P0. The total number of cluster per link increases if P0 value gets smaller. Consequentially it makes the ratio of random cluster in clusters larger. The maximum number of cluster per link is limited to 24 due to implementation issue in our simulation.
	
	Deterministic Cluster only
	Deterministic + Random Cluster

	
	
	P0 = 0.2
	P0 = 0.00002

	Average Number of Cluster
	7.06
	8.12
	18.40


Table 1: The number of cluster according to P0
2 Channel Statistics of map-based hybrid channel model

Figure 3 shows the changes of the channel characteristics due to additional random clusters. In case of being composed of deterministic clusters from ray-tracing, the angle spreads, such as azimuth angles of departure and arrival (AOD and AOA) and zenith angles of departure and arrival (ZOD and ZOA), seems small. However, if ratio of random cluster in clusters increases, the angle spreads and delay spread get larger as seen in figure 4. Because it is difficult for ray-tracing results to reflect the small objects like vehicles, small obstacles, etc., the channel characteristics can be modified by adding the random clusters.
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 (a) CDF of azimuth angles of arrival        
          (b) CDF of azimuth angles of departure
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(c) CDF of zenith angles of arrival        
                    (d) CDF of zenith angles of departure
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(e) CDF of Delay spread

Figure 3: Channel Statistics according to P0

Observation 1. The number of random cluster can be controlled through P0 value. If P0 is small, the number of random cluster increases and the ratio of random cluster in clusters increases. It can reflect the more stochastic channel characteristics when evaluating the Map-based SLS.
3 System Performance Results
Table 2 compares the different UE throughputs according to the ratio of random clusters in beamforming system. From Table2, it is observed that SLS with larger number of random cluster can result in degraded system performance. Especially, the throughput degradation of 5% UE is due to larger angular spread and sharp beam-width in beamforming system. As a result, the ratio of random cluster can influence on the system level evaluation based on map-based hybrid channel model. When analyzing the specific area, it is necessary to set the P0 parameters according to the surrounding environment/situation beside information from digital map.
	
	Avg. UE Tput
	5% UE Tput
	50% UE Tput
	95%UE Tput

	Deterministic Cluster only
	100.0%
	100.0%
	100.0%
	100.0%

	Deterministic + Random Cluster with P0 = 0.2
	99.8%
	93.5%
	100.0%
	100.0%

	Deterministic + Random Cluster with P0 = 0.00002
	93.4%
	68.1%
	99.9%
	100.0%


Table 2. UE Throughput in beamforming system according to P0
Observation 2. When analyzing system level performance of the specific area with map-based hybrid channel model, performance of the different channel environments can be observed by changing the P0
3 Conclusion

This contribution provides different channel statistics and performance results according to additional random clusters in map-based system level simulation. Following observation is made by the evaluation results.
Observation 1. The number of random cluster can be controlled through P0 value. If P0 is small, the number of random cluster increases and the ratio of random cluster in clusters increases. It can reflect the more stochastic channel characteristics when evaluating the Map-based SLS.
Observation 2. When analyzing system level performance of the specific area with map-based hybrid channel model, performance of the different channel environments can be observed by changing the P0
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5  Annex – A: Evaluation assumptions
5.1 Dense urban scenario

	Attributes
	Values or assumptions

	Carrier Frequency
	28 GHz

	Duplex
	TDD

	Mode
	DL only

	Bandwidth
	400MHz

	Subcarrier Spacing
	60kHz

	Deployment scenario
	Channel model: Map-based Hybrid Channel Model

	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 beamformed RSRP 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 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 [90, 160] in zenith domain 

	Scheduling algorithm
	Proportional fair

	Downlink overhead consumption
	30% for control channel

	Traffic Model
	Full buffer

	Transmission scheme
	MU-MIMO 
Maximum number of transmit layers per TRP: min(number of TXRUs, number of UEs per TRP)
Maximum number of receive layers per UE: 1

	BS Tx power
	Macro layer: 30dBm

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 2)

	BS TXRU mapping to antenna elements
	A single TXRU is mapped per panel per polarization

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

	UE antenna Configuration
	 (M, N, P, Mg, Ng) = (4, 2, 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,α uniformly distributed on [0,360] degree, ΩUT,β = 0 degree, ΩUT,γ = 0 degree

	BS antenna height
	Between 10m and 50m 

	UE antenna height
	Between 5m and 40m in building

	UE receiver noise figure
	10dB

	UE distribution
	90.1% Indoor in houses: 3km/h
9.9% Outdoor in street: 30km/h
50 users are activated within whole area
Penetration loss = 10 dB

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

	UE antenna element radiation pattern
	Directional in horizontal, directional in vertical (5dBi gain, HPBW = 90°, vertical tilt 90°, Am=25dB, SLAv=25dB )

	Channel estimation
	Ideal

	HARQ
	Maximum 4 transmissions
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