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MIMO Channel Models for 802.16m in Indoor Hotspot Scenario 

Jianhua Zhang*, Ding Xu*, Lei Guan*, Guangyi Liu+, Zhigang Yan+, Chunju Shao+
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+China Mobile

1. Introduction
For the design and testing of wireless communication systems, channel model is an absolute necessity. IEEE 802.16m is aiming to meet the requirements of IMT-Advanced, so its channel model is more likely to involve wide bandwidth, high data rate, multiple antennas and some other aspects.
The test environments are considered as a basic factor in channel modeling, because different test environments have different channel parameters. For the simulation and evaluation of IEEE 802.16m systems, several test environments have been defined, such as urban macro-cell, suburban macro-cell, urban micro-cell, indoor small office and outdoor to indoor environments [1].
However, another important scenario has not been defined and modeled until now. As a mobile cellular system grows uneven traffic load, it will develop into “hotspot’’ cells, that is, the cells with the traffic load substantially higher than the designed load. The hotspot test environment concentrates on the propagation conditions in the urban cities with densely ranked tall buildings and the wider pedestrian streets, a lot of users, etc. In IMT-Advanced system, hotspot will meet the very higher traffic demands and will be an important part in evaluation.
In this contribution, channel models for indoor hotspot test environment are proposed, referring to the geometry based stochastic models and clustered delay line (CDL) models that defined in [2]. Details about measurement environment and channel models can be found in [3].
2. Channel modeling approach for evaluations of proposed 802.16m air interface technologies
The proposed geometry-based stochastic model can be also called double directional channel model [2]. It does not explicitly specify the locations of the scatters, but rather the directions of the rays, like the well-known SCM model [4]. Modeling principles and parameters are determined stochastically, based on statistical characteristics obtained from channel measurements. Geometry-based modeling of the radio channel enables separation of propagation parameters and antenna geometries.
The concept of CDL models is a spatial extension of tapped delay line (TDL) models [2]. TDL models contain usually power, delay and Doppler spectrum information for the taps. CDL models define power, delay and angular information. Doppler is not explicitly defined, because it is determined by power and angular information combined with array configurations. 
3. Scenario

Indoor Hotspot
The indoor hotspot test scenario concentrates on the propagation conditions in a hotspot in the urban with the very higher traffic, like the conference hall, shopping mall and teaching building. The indoor hotspot scenario is also different from the indoor office scenario due to the construction structure. Scenario A2 represents a typical shopping building, where the area per floor is about 5400 m2, number of floors is 8 and wider hall dimensions are different. The layout of the scenario is shown in Figure 1. 
Figure 1
Layout of the indoor hotspot scenario
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4. Path Loss
Table 4-1 Summary table of the extended path-loss models
	Scenario
	path loss [dB]
	shadow fading standard dev. (dB)
	applicability

range and antenna height default values

	Indoor Hotspot
	LOS
	11.8log10(d[m])+49.3+

20log10(fc[GHz]/5.0)
	( = 1.5
	20 m < d <60 m

hBS = hMS =1-2.5 m

	
	NLOS
	43.3log10(d[m])+25.5+

20log10(fc[GHz]/5.0)
	( = 1.1
	20 m < d <80 m

hBS =hMS =1-2.5 m


5. Channel Model Parameters
Channel model parameters are given in the following sub-sections. The parameters are extracted from extensive radio channel measurements conducted in China-863 project and from existing literature [2], [4].

Geometry Based Stochastic Models
The complete parameterization for the geometry-based stochastic models is given in Table 5-1.
Table 5-1 Channel model parameters

	Scenarios
	Indoor Hotspot

	
	LOS
	NLOS

	Delay spread DS log10([s])
	
	-7.71
	-7.41

	
	
	0.18
	0.14

	AoD spread ASD log10([(]) 
	
	1.60
	1.63

	
	
	0.18
	0.25

	AoA spread ASA log10([(])
	
	1.62
	1.77

	
	
	0.22
	0.16

	Shadow fading SF [dB]
	
	1.5
	1.1

	Cross-Correlations
	ASD vs DS
	0.6
	0.4

	
	ASA vs DS
	0.8
	0.3

	
	ASA vs SF
	-0.5
	-0.4

	
	ASD vs SF
	-0.4
	-0.1

	
	DS  vs SF
	-0.8
	-0.5

	
	ASD vs ASA
	0.4
	-0.1

	Delay distribution
	Exp
	Exp

	Delay scaling parameter  r(
	3.6
	3

	XPRV [dB]
	
	-0.17
	9.32

	
	
	0.97
	3.73

	XPRH [dB]
	
	(
	(

	
	
	(
	(

	AoD and AoA distribution
	Laplacian

	Number of clusters
	15
	19

	Number of rays per cluster 
	20
	20

	Cluster ASD
	5
	5

	Cluster ASA
	8
	11

	Per cluster shadowing std  [dB]
	
	

	K-factor [dB]
	15.3- 0.25d
	(

	Correlation

distance [m]
	DS
	8
	5

	
	ASD
	7
	3

	
	ASA
	5
	3

	
	SF
	10
	6


Table 5-2 Expectation (median) output values for large scale parameters.

	Scenario
	DS (ns)
	AS at BS (º)
	AS at MS (º)

	Indoor hotspot
	LOS
	21
	40
	42

	
	NLOS
	34
	43
	59


Reduced Variability Models

In the CDL model each cluster is composed of 20 rays with fixed offset angles and identical power. In the case of cluster where a ray of dominant power exists, the cluster has 20+1 rays. This dominant ray has a zero angle offset. The departure and arrival rays are coupled randomly. The CDL tables of interest are given in Table 5-3 and Table 5-4, where the cluster power and the power of each ray are tabulated. The CDL models offer well-defined radio channels with fixed parameters to obtain comparable simulation results with relatively simple channel models for calibration purpose.
The CDL parameters of LOS and NLOS condition are given below. In the LOS model Ricean K factor are 15.3 dB and 10.4 dB, respectively for the first and second clusters.
Table 5-3 LOS Clustered delay line model, indoor hotspot.
	Cluster #
	Delay [ns]
	Power [dB]
	AoD [º]
	AoA [º]
	Ray power [dB]
	Cluster ASD = 5º  
	Cluster ASA = 8º  

	1
	0
	0
	0
	0
	-0.1*
	-28.4**
	
	

	2
	5
	-3.4
	64
	-73
	-3.7*
	-27.1**
	
	

	3
	10
	-9.2
	115
	80
	-22.2
	
	

	4
	20
	-18.9
	7
	13
	-31.9
	
	

	5
	30
	-17.1
	11
	16
	-30.1
	
	

	6
	40
	-16.3
	-7
	-34
	-29.3
	
	

	7
	50
	-13.7
	-60
	-12
	-26.7
	
	

	8
	60
	-16.3
	-43
	-17
	-29.3
	
	

	9
	70
	-16.8
	11
	-59
	-29.8
	
	

	10
	80
	-17.9
	8
	-78
	-30.9
	
	

	11
	90
	-15.9
	14
	-65
	-28.9
	
	

	12
	100
	-17.4
	-1
	-56
	-30.4
	
	

	13
	110
	-25.8
	-11
	-57
	-38.8
	
	

	14
	120
	-31.0
	-129
	-22
	-44.0
	
	

	15
	130
	-33.4
	-123
	-12
	-46.4
	
	


*  Power of dominant ray,  

** Power of each other ray
Table 5-4 NLOS Clustered delay line model, indoor hotspot.
	Cluster #
	Delay [ns]
	Power [dB]
	AoD [º]
	AoA [º]
	Ray power [dB]
	Cluster ASD = 5º  
	Cluster ASA = 11º  

	1
	0
	-6.9
	2
	2
	-19.9
	
	

	2
	5
	0
	-2
	9
	-13.0
	
	

	3
	10
	-0.7
	-7
	14
	-13.7
	
	

	4
	15
	-1.0
	87
	-111
	-14.0
	
	

	5
	20
	-1.4
	-88
	126
	-14.4
	
	

	6
	25
	-3.8
	-15
	-18
	-16.8
	
	

	7
	30
	-2.6
	0
	-3
	-15.6
	
	

	8
	35
	-0.2
	-26
	-3
	-13.2
	
	

	9
	45
	-3.6
	-29
	14
	-16.6
	
	

	10
	55
	-5.7
	1
	44
	-18.7
	
	

	11
	65
	-11.6
	4
	13
	-24.6
	
	

	12
	75
	-8.9
	-5
	65
	-21.9
	
	

	13
	95
	-7.3
	-11
	46
	-20.3
	
	

	14
	115
	-11.2
	-4
	35
	-24.2
	
	

	15
	135
	-13.5
	-3
	48
	-26.5
	
	

	16
	155
	-13.4
	-7
	41
	-26.4
	
	

	17
	175
	-12.2
	8
	7
	-25.2
	
	

	18
	195
	-14.7
	4
	69
	-27.7
	
	

	19
	215
	-15.8
	-11
	133
	-28.8
	
	


6. Proposal

It is proposed that IEEE 802.16 task group m discusses this contribution and that Sections 3, 4 and 5 are included – entirely or partially – in the family of 802.16m channel models as appropriate.
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