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 Evaluation Methodology for 802.16p

1. Introduction
The objective of this evaluation methodology is to define link-level and system-level simulation models and associated parameters that shall be used in the evaluation and comparison of technology proposals for IEEE 802.16p. Proponents of any technology proposal using this methodology shall follow the evaluation methods defined in this document and report the results using the metrics defined in this document. The current text in this documents for downlink and uplink simulation assumptions are templates that may be extended for a complete description.
2. Test Scenarios

The typical testing seneario for 16p is given in Fig2-1 in which only single cell modeling is considered. 
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Figure15-1 The typcial test scenario for 16p

3. Traffic Models

This section describes traffic models in detail. A major objective of system simulations is to provide an operator with a view of the maximum number of active users that can be supported for a given service under a specified configuration at a given coverage level. 
· In-home M2M Devices Deployment

	Case 
	Cell Radius(m) 
	Number of device within a home 
	Number of homes within a cell 

	Urban 

	1500 
	10
	18116 

	Sub-urban 

	3000 
	10
	20912 


· Commercial Usage Devices 

	Case 
	Cell Radius(m) 
	Number of devices within a cell

	Urban 

	1500 
	13583

	Sub-urban 

	3000 
	7092


The detail parameters for these deployment models are give in Appendix Q. 

4. Test Assumptions and Parameters 
The purpose of this section is to outline simulation assumptions that proponents will need to provide in order to facilitate independent assessment of their proposals. 
	Deployment/ parameters
	In-Home and City Commercial M2M
Mixed deployment

	Carrier Frequency
	2.5GHz

	Operating Bandwidth
	10 MHz for TDD 

	BS Site-to-site distance
	1.5km (Urban) 3.0km (Suburban)



	MS mobility
	0-120 km/h

	Number of transmit antennas of BS
	2 (Mandatory)

4 (Optional)

	Number of receive antennas of MS
	1 (Mandatory)

2 (Optional)

	M2M Tx power
	TBD

	BS Tx power per sector
	46dBm

	Base station antenna height
	12.5m

	Number of BS transmit antennas per sector
	2 (Mandatory)

4 (Optional)

	Number of BS receive antennas per sector
	2 (Mandatory)

4 (Optional)

	Number of sectors
	3

	Antenna front-to-back power ratio
	30 dB (Mandatory)

20 dB (Optional)      

	Antenna spacing
	4λ (Mandatory)
 0.5λ (Optional)

	Noise figure
	

	Cable loss
	

	Number of M2M transmit antennas
	1

	Number of M2M receive antennas
	1

	M2M Antenna type
	Omni in horizontal plane

	Antenna gain (boresight)
	20 dBi

	Antenna 3-dB beamwidth
	20

	Antenna front-to-back power ratio
	23 dB

	Antenna spacing
	N/A

	Antenna orientation
	Antenna array broadside pointed to BS direction

	Noise figure
	5 dB

	Cable loss
	2 dB


Table 3-1 Basic Parameters for 16p
5. Channel Models

This section describes the channel models used to model propagation conditions between BS and MS/M2M device.
5.1. Channel Models with High Mobility

5.1.1. Path Loss model

5.1.2. Shadowing Factor 
5.1.3. Shadowing Factor 
5.1.4. Cluster-Delay-Line Models 

5.1.5. Channel Type and Velocity Mix

5.1.6. Doppler Spectrum for Stationary Users 

5.1.7. Generation of Spatial Channels 

5.2. Channel Models with Low Mobility

Current 802.16m EMD considers only mobile devices, we recommend the inclusion of channel models specific to devices with low mobility, such as the SUI-3 and SUI-4 channel models. 
5.2.1. Path Loss model

5.2.2. Shadowing Factor 
5.2.3. Shadowing Factor 
5.2.4. Cluster-Delay-Line Models 

5.2.5. Channel Type and Velocity Mix

5.2.6. Doppler Spectrum for Stationary Users 

5.2.7. Generation of Spatial Channels 
6. Scheduling
The generic proportional fair scheduler specified in [3] is used for allocation of the resources. Furthmore,in order to support large volume of M2M devices with low power transmission, group-based resource scheduling should be considered, e.g. the ABS can allocate the specific channel resource to a group of M2M devices to transmit and receive packets. 

7. Power Management

The implementation of an idle state is proposed to be used in the IEEE 802.16m and 16p broadband wireless system to conserve battery power of mobile devices when a call session is not active. A mobile device returns to active state whenever required, e.g., when there is incoming data for the said device. IDLE to ACTIVE_STATE transition latency is a key metric to evaluate and compare various proposals related to IDLE to ACTIVE_STATE transition schemes as this latency has direct impact on application performance experienced by a user.

8. Performance Metrics

M2M system evaluation need the some specific performance metrics regarding to their special requirments, e.g. extra low power consumption, and large number of devices access.

8.1. Power Consumption Metric

The power consumption metric can help the designer of the standard to evaluate if a specific design is power-efficient and able to meet the requirement of M2M as a low power device and solution.
The metrics related to averaged power consumption can be defined in the following ways,
· Averaged power consumption per user
· Averaged power consumption at 5% percentile of coverage
· The CDF of averaged power consumption per user
The averaged power consumption can be defined as
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Where k=1…K is the index of user, j=1…[image: image4.png]DLLUL)
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 is the index of packet transmitted for the kth user, [image: image6.png]DL(UL)
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is the transmit power for UL or  the receiving power consumption for DL for the jth packet and kth user, [image: image8.png]DL(UL)



is the time consuming for the jth packet and kth user.
For simplicity, only the UL [image: image10.png]


can be considered, because it is related to the transmit power of M2M device.
8.2. Ranging Access Performance Metrics

The following metrics should be considered the analsis of ranging access performance for M2M[8].

· Collision Probability: defined as the ratio between the number of occurrences when two or more devices send a intial access attempt using exactly the same ranging code and the overall number of opportunities (with or without access attempts) in the period
· Access Success Probability: defined as the probability to successfully complete the random access procedure within the maximum number of ranging code transmissions.
· Control overhead per successful ranging: defined as the ratio between the overhead of the ranging control messages for M2M only,e.g. the dedicate ranging resource allocation, to the total ranging access payload.

Appendix Q.M2M Devices Deployment Model 

Q-1. In-Home M2M Devices Deployment

Table Q-1 below shows In-Home M2M device tranffic parameters[4]. 

Table Q-1 In-Home M2M Devices Traffic Parameters

	Appliances/ Devices 
	Average Message Transaction Rate/s 
	Average Message Size (Bytes) 
	Date Rate (b/s) 
	Number Per Home 
	Distribution 

	Home Security System 
	1/600 
	20 
	0.2667 
	1 
	Poisson, 

	Elderly Sensor Devices 
	1/60 
	128 
	17.0667 
	0.1 
	Possion/Uniform

	Refrigerator 
	1/3600 
	30 
	0.0667 
	1 
	Possion/Uniform

	Clothes Washer 
	1/24*60*60 
	8 
	7.407e-04 
	1 
	Possion/Uniform

	Clothes Dryer 
	1/24*60*60 
	8 
	7.407e-04 
	1 
	Possion/Uniform

	Dishwasher 
	1/24*60*60 
	8 
	7.407e-04 
	1 
	Possion/Uniform

	Freezer 
	1/24*60*60 
	30 
	0.0028 
	1 
	Possion/Uniform

	Stoves/Ovens 
	1/24*60*60 
	8 
	7.407e-04 
	1 
	Possion/Uniform

	Microwaves 
	1/24*60*60 
	8 
	7.407e-04 
	1 
	Possion/Uniform

	Coffee Makers 
	1/24*60*60 
	8 
	7.407e-04 
	1 
	Possion/Uniform

	Toaster Ovens 
	1/24*60*60 
	8 
	7.407e-04 
	1 
	Possion/Uniform

	PHEV to SM 
	2.4e-4 
	97.6 
	0.0234 
	2 
	Possion/Uniform

	Smart Meter 
	1.1e-4 
	2017 
	1.775 
	3 
	Possion/Uniform


Table Q-2 shows the average number of homes within a cell in the different scenarios[6]. 

Table Q-2 Average Home numbers in a cell
	Scenario
	Max Cell Radius(m) 
	Min Cell Radius(m) 
	*Average number of homes within cell (Max) 
	*Average number of home within cell (Min) 

	Urban 
(New York City) 
	1000 
	500 
	12077 
	3021 

	Sub-urban 
(Washington D.C.) 
	1500 
	1000 
	10456 
	4647 


Q-2. City Commercial M2M Devices Deployment

In table Q-3 shows city commerial M2M devices traffic parameters[5][8]. 

Table Q-3 City Commerical M2M Devices Traffic Parameters

	Appliances/ Devices
	Average Message Transaction Rate/s
	Average Message Size (Bytes)
	Date Rate (b/s)
	Distribution and arrival

	Credit Machine in grocery
	0.0083
	24
	0.2667
	Poisson,

	Credit Machine in shop
	5.5556e-4
	24
	0.0178
	Poisson

	Roadway Signs
	0.0333
	1
	0.2664
	uniform

	Traffic Lights
	0.0167
	1
	1.3360
	uniform

	Traffic Sensors
	0.0167
	1
	1.3360
	Poisson

	Movie Rental Machines
	1.1574e-5
	152
	1.4814e-3
	Poisson


In table Q-4 shows the city commerial facities deployment[6]. 

Table Q-4 City Commerial Facities deployment
	Scenario 
	Number of grocery stores/ meter2
	Number of shops and restaurant/ meter2
	Number of roadway signs/ meter2 
	Number of traffic lights/ meter2
	Number of traffic sensors/ meter2
	Number of Movie Rental Machines/ meter2

	Urban 
(New York City) 
	2.0947e-4 
	0.0022 
	3.1647e-4 
	1.503e-5 
	1.503e-5 
	6.9823e-5 

	Sub-urban 
(Washington D.C.) 
	2.3122e-5 
	3.4988e-4 
	9.4325e-4 
	1.1442e-4 
	1.1442e-4 
	1.1561e-5 
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