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Abstract

This document presents selection criteria for evaluating proposals of IEEE 802.22b amendament.
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1. Introduction
This selection criteria document provides technical criteria for evaluating proposals of IEEE 802.22 Task Group “b”, IEEE 802.22b, which specifies alternate Physical Layer (PHY) and necessary Medium Access Control Layer (MAC) enhancements to support enhanced broadband services and monitoring applications and regulatory requirements in UHF/VHF TV broadcast bands. 
2. Usage Cases
Ten (10) usage cases are considered to enhance broadband services and monitoring applications. These usage cases are used to clarify network configuration of the IEEE 802.22b.
	Category
	Usage Cases
	Properties

	A) Smart Grid & Monitoring 
	A1) Regional Area Smart Grid/Metering 
	-Low capacity/complexity CPEs

-Very large number of monitoring CPEs

-Fixed and Portable CPEs

-Real time monitoring

-Low duty cycle

-High reliability and security

-Large coverage area

-Infrastructure connection

	
	A2) Agriculture/Farm House Monitoring 
	

	
	A3) Critical Infrastructure/Hazard Monitoring 
	

	
	A4) Environment Monitoring
	

	
	A5) Homeland Security/Monitoring
	

	
	A6) Smart Traffic Management and Communication
	

	B) Broadband Service Extension 
	B1) Temporary Broadband Infrastructure

(e.g., emergency broadband infrastructure) 
	-Fixed and Portable CPEs

-Higher capacity CPEs than Category A)

-High QoS, reliability and security

-Higher data rate than Category A)

-Easy network setup

-Infrastructure and Ad hoc connection

	
	B2) Remote Medical Service 
	

	
	B3) Archipelago/Marine Broadband Service 
	

	C) Combined Service 
	C1) Combined Smart Grid, Monitoring and Broadband Service 
	· Category A) and B)


3. Criteria Overview for Performance Study
	Network Model
	Smart Metering & Monitoring Model
	Broadband Service Extension Model
	Proposal Defined Model

	Entities
	BS
H-CPEs
L-CPEs
	BS
H-CPEs
	Each proposal shall define entities

	Topology
	Tree topology (Infrastructure)
	Multi-hop connection
	Each proposal shall define topology

	Applications
	Metering applications
Video monitoring applications
	Internet (Web browsing)
	Each proposal shall define applications

	Channel Model
	Basic channel model (802.22std-2011)
	Basic channel model (802.22std-2011)
	Each proposal shall define channel model

	Performance criteria
	Throughput
Delay
Packet Loss
	Throughput
Delay
Packet Loss
	Throughput

Delay

Packet Loss

	Reference Packet Error Rate (PER)
	10e-2 on 1500 Bytes
	10e-2 on 1500 Bytes
	Each proposal shall define BER


4. Smart Metering Model (SMM)
4.1. Introduction
This Model is used for studying the performance of smart grid and metering indicated in Usage Case Category A1 [4], which has the properties of a very large number of metering CPEs, low duty cycle, infrastructure connections, etc.
4.2. Network Entities
· Base Station (BS): 802.22b BS is generalized equipment set providing connectivity, management and control of the customer premise equipment (CPE). 
· High-capability CPE (H-CPE): 802.22b H-CPE is enhanced 802.22-2011 CPE that is able to manage a local network consisting of a number of L-CPEs and to provide multi-hop connections between L-CPEs and 802.22b BS. 
· Low-capability CPE (L-CPE): 802.22b L-CPE is a device mainly for metering and monitoring, which will be installed at home, office, or on infrastructure, etc.
4.3. SMM Network Installation
A BS covers a certain regional area, which calls a 802.22b WRAN, where includes H-CPEs and L-CPEs as shown in Figure 1. Moreover, each H-CPE may serve a large number of L-CPEs to gather the metering information from the grouped metering L-CPEs, which typically are installed in a specific location at home, buildings, offices etc.
· Base Station (BS): A BS locates a center of a 802.22b WRAN, where the maximum radius of BS coverage (a) shown in Figure 1 is 10Km. (Case 1 in link margin example shown in Table 1 and Table 2). The maximum radius of BS coverage may have a different value at the different situations/scenarios.
· High-capability CPE (H-CPE): H-CPEs locate randomly within a 802.22b WRAN, where the average distance (b) from BS to H-CPEs shown in Figure 1 is 5Km.
· Low-capability CPE (L-CPE): A group of L-CPEs served by an H-CPE locates randomly within the H-CPE coverage area, where the H-CPE coverage area is determined by the wireless access availability of the L-CPEs to communicate with the H-CPE. The maximum radius of H-CPE coverage (c) is 2Km, which also means the maximum communication range of L-CPE on 6 MHz bandwidth. (Case 3 in link margin example shown in Table 1). Note that H-CPE may have different wireless access availabilities for the communication with BS and L-CPEs.
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Figure 1 An example of network installation for metering services
4.4. Device Capabilities
· Base Station (BS)
· Transmission power: Fixed mode (4W EIRP)
· Antenna gain: 6 dBi (typical), but may have a different value at the different situations/senarios
· Antenna height: 30m
· High-capability CPE (H-CPE)
· Transmission power:Fixed mode (4W EIRP)
· Antenna gain: 6 dBi (typical), but may have a different value for the different situations/senarios 
· Antenna height: 10m
· Low-capability CPE (L-CPE)
· Transmission power: Portable mode (100mW EIRP)
· Antenna gain: 0 dbi
· Antenna height: 2m
4.5. Maximum available hops between BS to end devices (L-CPEs)
2 (All H-CPEs shall communicate with BS directly, and all L-CPEs shall communicate with BS through H-CPE providing intermediate connection for L-CPEs. Note that this assumption is only available for the performance study of the proposals, then there is no limitation for the connection patterns of the proposals.)
4.6. Number of Devices
· Base Station (BS): 1
· High-capability CPE (H-CPE): 25
· Low-capability CPE (L-CPE): 2500  (100 L-CPEs per H-CPE) 
4.7. Traffic
	Traffic Model A

	Traffic Type
	Metering information

	Protocol
	Constant bit rate (CBR) with ARQ

	Data Traffic Direction
	Uplink from CPE to BS (e.g., L-CPE -> H-CPE -> BS)

	Maximum Packet (MSDU) Length
	1500 Bytes

	One Metering Packet Length
	1500 bytes (One metering packet length may be smaller than maximum packet length, but maximum packet length (1500 Bytes) is used for one metering packet length to transmit from L-CPE to H-CPE for simplicity)

	Packet Arrival
	Constant packet arrival shown in Figure 2 (1 packet per second, 1 packet per 2 seconds, 1 packet per 5 seconds): Each L-CPE initiates packet transmission in each second after the first packet being randomly started.

	Packet Traffic
	12Kbit/sec (1 packet per second) 

6Kbit/sec (1 packet per 2 seconds)

2.4Kbit/sec (1 packet per 5 seconds)

	ARQ Algorithm
	Depends on proposals. (Note that each proposal presents the ARQ algorithm used in performance study.) 

	Simultaneous Communications
	· 2500 L-CPEs per BS assuming 1 packet per second from L-CPE (12Kbit/sec)
· 2500 L-CPEs per BS assuming 1 packet per 2 seconds from L-CPE (6Kbit/sec)

· 2500 L-CPEs per BS assuming 1 packet per 5 seconds from L-CPE (2.4Kbit/sec)

	Buffer
	H-CPE (Infinite-Buffer, Finite Buffer) 
(Note that each proposal presents the buffer size if the finite buffer is used)

	Conditions
	For simplicity, ignore the process network management frame exchanges such as registration, ranging, bandwidth request etc. Only consider data transmission/retransmission and ARQ 

	DL Frame Allocation
	For simplicity, we ignore the management frame exchanging process, but 10% DL frame allocation (1ms) is considered for the management frame (frame preamble, header, management frames, etc) overhead except for ARQ.
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Figure 2 An example of metering packet arrival and transmission pattern per user
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Figure 3 An example of metering packet transmissions in a network
4.8. Reference Channel Model
· Basic Channel Model (802.22 Channel Model)
· Link margin calculation shows in Table 1 on the conditions shown in Table 2
Table 1 Link Margin Examples (12-55/r3)

[image: image4.png]Parameter Casel Case2 Case3 Case 4 CaseS
Signal bandwidth 6MHz 6MHz 6MHz 6MHz 6 MHz
Average EIRP power 36 36 20 36 36
(dBm)

Penetration loss (dB) 10 10

Required Rx power at  -77.3 -80.5 -77.3 -71.3 -77.3

d km (dBm)

Pathloss atd km (dB) 113.3 116.5 873 973 1133
d(km) (50%, 99.9%)  12.64 14.7 2.36 3.9 5.33





Case 1: Broadband service downlink (BS to H-CPE)

Case 2: broadband service uplink (H-CPE to BS)

Case 3: L-CPE to H-CPE

Case 4: H-CPE to L-CPE

Case 5: H-CPE to H-CPE 
Table 2 Conditions for Link Budget Calucation (12-55/r3)
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4.9. Performance Criteria
· Network Throughput
· The network throughput is defined as the number of information bits per second that a network can successfully deliver or receive using the scheduling algorithms.
· Delay (Maximum delay and average delay)
4.9...1. The maximum packet delay is defined as the maximum interval between packets originated at the source station (L-CPE) and received at the destination station (BS). The average packet delay is defined as the average interval between packets originated at the source station (L-CPE) and received at the destination station (BS).
· Packet Loss Ratio
· The packet loss ratio in a network is defined as:
Packet Loss Ratio = Total Number of Successfully Received Packets / Total Number of Successfully Transmitted Packets
· Reference Packet Error Rate (PER) on 1500bytes : 10e-2
5. Real-time/Near real-time Video Monitoring Model (RMM)
5.1. Introduction

This Model is used for studying the performance of monitoring services indicated in Usage Case Category A2-A5 [4], which has the properties of a large number of monitoring CPEs, real-time monitoring, infrastructure connections, etc.
5.2. Network Entities
· Base Station (BS): 802.22b BS is generalized equipment set providing connectivity, management and control of the customer premise equipment (CPE). 
· High-capability CPE (H-CPE): 802.22b H-CPE is enhanced 802.22-2011 CPE that is able to manage a local network consisting of a number of L-CPEs and to provide multi-hop connections between L-CPEs and 802.22b BS. 
· Low-capability CPE (L-CPE): 802.22b L-CPE is a device mainly for metering and monitoring, which will be installed by end users at home, office, or on infrastructure, etc.
5.3. RMM Network Installation
A BS covers a certain regional area, which calls a 802.22b WRAN, where includes H-CPEs and L-CPEs as shown in Figure 4. Morover, one H-CPE may serve a small number of monitoring L-CPEs as shown in Figure 4 since a monitoring L-CPE may covers a certain area to detect events, where the area could be wide.
· Base Station (BS): A BS locates a center of a 802.22b WRAN, where the maximum radius of BS coverage (a) shown in Figure 4 is 10Km. (Case 1 in link margin example shown in Table 1 and Table 2). The maximum radius of BS coverage may have a different value at the different situations/scenarios.
· High-capability CPE (H-CPE): H-CPEs locate randomly within a 802.22b WRAN, where the average distance (b) from BS to H-CPEs shown in Figure 1 is 5Km.
· Low-capability CPE (L-CPE): L-CPEs served by an H-CPE locate randomly within the H-CPE coverage area, where the H-CPE coverage area is determined by the wireless access availability of the L-CPEs to communicate with the H-CPE. The maximum radius of H-CPE coverage (c) is 2Km, which also means the maximum communication range of L-CPE. (Case 3 in link margin example shown in Table 1). Note that H-CPE may have different wireless access availabilities for the communication with BS and L-CPEs.
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Figure 4 An example of network installation for monitoring services
5.4. Device Capabilities
· Base Station (BS)
· Transmission power: Fixed mode (4W EIRP)
· Antenna gain: 6 dBi (typical), but may have a different value at the different situations/senarios
· Antenna height: 30m
· High-capability CPE (H-CPE)
· Transmission power:Fixed mode (4W EIRP)
· Antenna gain: 6 dBi (typical), but may have a different value at the different situations/senarios 
· Antenna height: 10m
· Low-capability CPE (L-CPE)
· Transmission power: Portable mode (100mW EIRP)
· Antenna gain: 0 dbi
· Antenna height: 2m
5.5. Maximum available hops between BS to end devices (L-CPEs)

2 (All H-CPEs shall communicate with BS directly, and all L-CPEs shall communicate with BS through H-CPE providing intermediate connection for L-CPEs. Note that this assumption is only available for the performance study of the proposals, then there is no limitation for the connection patterns of the proposals.)
5.6. Number of Devices

· Base Station (BS): 1
· High-capability CPE (H-CPE): 250
· Low-capability CPE (L-CPE): 2500  (10 L-CPEs per H-CPE)
5.7. Traffic
	Traffic Model B

	Traffic Type
	Real-time/Near real-time Video Monitoring

	Protocol
	Constant bit rate (CBR) with No-ARQ

	Data Traffic Direction
	Uplink from CPE to BS (L-CPE -> H-CPE -> BS)

	Maximum Packet (MSDU) Length
	1500 Bytes

	One Monitoring Packet Length
	1500 Bytes (One monitoring packet length may be smaller than maximum packet length, but maximum packet length (1500 Bytes) is used for one monitoring packet length to transmit from L-CPE to H-CPE for simplicity)

	Packet Traffic
	400Kbit per sec (Low resolution), 800Kbit per sec (High resolution)

	Monitoring Duration
	Average 10s on Uniform Distribution

	Packet Arrival from L-CPE to H-CPE
	Each H-CPE is randomly selected to monitoring an area served by the H-CPE, and the selected H-CPE selects one L-CPE randomly or round-robin way, which initiates packet transmission and continues packet transmissions on monitoring duration.

	ARQ Algorithm
	No ARQ

	Simultaneous Communications
	25 ~ 100 H-CPEs

	Buffer
	H-CPE (Infinite-Buffer, Finite Buffer) 
(Note that each proposal presents the buffer size if the finite buffer is used)

	Conditions
	For simplicity, ignore the process network management frame exchanges such as registration, ranging, bandwidth request etc. Only consider data transmission. 

	DL Frame Allocation
	For simplicity, we ignore the management frame exchanging process, but 10% DL frame allocation (1ms) is considered for the management frame (frame preamble, header, management frames, etc) overhead.
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Figure 5 An example of monitoring packet arrival and transmission pattern per user
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Figure 6 An example of monitoring packet transmissions in a network
5.8. Reference Channel Model
· Basic Channel Model (802.22 Channel Model)
· See Table 1 and Table 2
5.9. Performance Criteria
· Network Throughput
· The network throughput is defined as the number of information bits per second that a network can successfully deliver or receive using the scheduling algorithms.
· Delay (Maximum delay and average delay)
· The maximum packet delay is defined as the maximum interval between packets originated at the source station (L-CPE) and received at the destination station (BS). The average packet delay is defined as the average interval between packets originated at the source station (L-CPE) and received at the destination station (BS).Packet Loss Radio
· Packet Loss Ratio
· The packet loss ratio in a network is defined as:
Packet Loss Ratio = Total Number of Successfully Received Packets / Total Number of Successfully Transmitted Packets
· Reference Packet Error Rate (PER) on 1500bytes : 10e-2
6. Broadband Service Extension Model (BSEM) on Multihop
6.1. Introduction
This Model is used for studying the performance of broadband service extension indicated in Usage Case Category B1 [4], which has the properties of higher data transmission for internet access,  ad hoc connections, etc.
6.2. Network Entities

· Base Station (BS): 802.22b BS is generalized equipment set providing connectivity, management and control of the customer premise equipment (CPE). 
· High-capability CPE (H-CPE): 802.22b H-CPE is enhanced 802.22-2011 CPE that is able to communicate with other H-CPE. 
6.3. BSEM Network Installation
A BS covers a certain regional area, which calls a 802.22b WRAN, where includes H-CPEs as shown in Figure 7. Each H-CPE can communicate with BS directly or indirectly through other H-CPEs.
· Base Station (BS): A BS locates a center of a 802.22b WRAN, where the maximum radius of BS coverage (a) shown in Figure 1 is 10Km. (Case 1 in link margin example shown in Table 1 and Table 2). The maximum radius of BS coverage may have a different value at the different situations/scenarios.
· High-capability CPE (H-CPE): H-CPEs locate randomly within a 802.22b WRAN, where the average coverage is 5Km (Case 5 in link margin example shown in Table 1).
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Figure 7 An example of network installation for extended broadband services
6.4. Device Capabilities
· Base Station (BS)
· Transmission power: Fixed mode (4W EIRP)
· Antenna gain: 6 dBi (typical), but may have a different value at the different situations/senarios
· Antenna height: 30ms
· High-capability CPE (H-CPE)
· Transmission power:Fixed mode (1W EIRP)
· Antenna gain: 6 dBi (typical), but may have a different value at the different situations/senarios
· Antenna height: 10m 
6.5. Maximum available hops between BS to end devices (H-CPEs)

At least 1 (H-CPEs may communicate with BS directly, as well as through other H-CPEs.)
6.6. Number of Devices

· Base Station (BS): 1
· High-capability CPE (H-CPE): 250
6.7. Traffic
	Traffic Model C

	Protocol
	Internet Web-browsing (HTTP)

	Data Traffic Direction
	Downlink from BS to H-CPE (BS -> H-CPE … -> H-CPE)

	Packet Length
	350 bytes for HTTP requests and 1500 bytes for payload data

	Packet Traffic
	See the traffic pattern in Figure 8

	Packet Arrival from L-CPE to H-CPE
	Each H-CPE randomly initiates HTTP request ….

	Simultaneous Communications
	50 H-CPEs ~ 250 H-CPEs

	Buffer
	H-CPE (Infinite-Buffer, Finite Buffer) 
(Note that each proposal presents the buffer size if the finite buffer is used)

	Conditions
	For simplicity, ignore the process network management frame exchanges such as registration, ranging, bandwidth request etc. Only consider data transmission/retransmission and ARQ 

	DL and UL Frame Allocation for management
	For simplicity, we ignore the management frame exchanging process, but overall 10% DL and UL frame allocation (1ms) is considered for the management frame (frame preamble, header, management frames, etc) overhead and HTTP management except for data.


Algorithm: After each reading time the new requests for pages are generated by the H-CPE (mean of 31 seconds), generate a HTTP request with the following parameters enlisted below. The parsing time is the time taken by the HTTP page to fill in all subpage requests which appear from the master page. After going through few of the subpages the H-CPE quits the session which is indicated by the last packet of the session. This is shown in 8.
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Figure 8: HTTP traffic pattern and parameters
6.8. Reference Channel Model
· Basic Channel Model (802.22 Channel Model)
· See Table 1 and Table 2
6.9. Performance Criteria

· Network Throughput
· The network throughput is defined as the number of information bits per second that a network can successfully deliver or receive using the scheduling algorithms.
· Delay (Maximum delay and average delay)
· The maximum packet delay is defined as the maximum interval between packets originated at the source station (L-CPE) and received at the destination station (BS). The average packet delay is defined as the average interval between packets originated at the source station (L-CPE) and received at the destination station (BS).Packet Loss Radio
· Packet Loss Ratio
· The packet loss ratio in a network is defined as:
Packet Loss Ratio = Total Number of Successfully Received Packets / Total Number of Successfully Transmitted Packets
· 
· 
· Reference Packet Error Rate (PER) on 1500bytes : 10e-2
7. Proposal Defined Model (PDM)
7.1. Introduction
This Model is used for studying the performance of smart metering/monitoring and broadband service extension upon the user-defined configurations. This model enables to provide a flexible study for the perfomance.
7.2. Network Entities

· Proposal shall define network entities of BS, H-CPEs and/or L-CPEs used in the PDM. 
7.3. BSEM Network Installation
· Proposal shall define network installation used in the PDM.
7.4. Device Capabilities
· Proposal shall define device capabilities used in the PDM.
7.5. Maximum available hops between BS to end devices (H-CPEs)
· Proposal shall define maximum available hops between BS to end devices used in the PDM.
7.6. Number of Devices

· Proposal shall define number of devices used in the PDM.
7.7. Traffic
· Proposal shall define traffic model used in the PDM.
7.8. Reference Channel Model
· Proposal shall define channel model used in the PDM.
7.9. Performance Criteria

· Network Throughput
· The network throughput is defined as the number of information bits per second that a network can successfully deliver or receive using the scheduling algorithms.
· Delay (Maximum delay and average delay)
· The maximum packet delay is defined as the maximum interval between packets originated at the source station (L-CPE) and received at the destination station (BS). The average packet delay is defined as the average interval between packets originated at the source station (L-CPE) and received at the destination station (BS).Packet Loss Radio
· Packet Loss Ratio
· The packet loss ratio in a network is defined as:
· Packet Loss Ratio = Total Number of Successfully Received Packets / Total Number of Successfully Transmitted Packets
· Reference Packet Error Rate (PER) : Proposal shall define BER used in the PDM.
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