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This document provides the channel models to be used for the Sub-1GHz Task Group (TGah).
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1. Introduction

This document describes channel models for Sub-1GHz bands that will be used as a basis to evaluate proposals for submissions to a Draft Standard.  The channel models address use cases for 802.11ah as approved by the Task Group; the approved use cases may change over time, and this document will be modified to reflect the current use case document.  
The PAR and 5C for 802.11ah has a broad scope which encompasses an extensive set of potential channel models.  Quoting Section 5.2 of the PAR [1]:
This amendment defines an Orthogonal Frequency Division Multiplexing (OFDM) Physical layer (PHY) operating in the license-exempt bands below 1 GHz, e.g., 868-868.6 MHz (Europe), 950 MHz -958 MHz (Japan),  314-316 MHz, 430-434 MHz, 470-510 MHz, and 779-787 MHz (China), 917 – 923.5 MHz (Korea) and 902-928 MHz (USA), and enhancements to the IEEE 802.11 Medium Access Control (MAC) to support this PHY, and provides mechanisms that enable coexistence with other systems in the bands including IEEE 802.15.4 and IEEE P802.15.4g.  

The data rates defined in this amendment optimize the rate vs range performance of the specific channelization in a given band.
This amendment also adds support for:

· transmission range up to 1 km

· data rates > 100 kbit/s

while maintaining the 802.11 WLAN user experience for fixed, outdoor, point to multi point applications.

2. Use Cases


The following documents refer to submissions that address the approved use cases (See Use Case presentation [2]:
2.1 Sensors and Meters

	Use case
	Submission
	Description
	Channel Model(s)

	1a
	11/17r5
	Smart Grid - Meter to Pole
	

	1c
	11/253
	Environmental/Agricultural Monitoring
	

	1d
	11/260r1
	Industrial process sensors
	

	1e
	11/17r5
	Healthcare
	

	1f
	11/241r0
	Healthcare
	

	1g
	11/241r0
	Home/Building Automation
	

	1h
	11/242r0
	Home sensors
	


2.2 Backhaul Sensor/Meter data
	Use case
	Submission
	Description
	Channel Model(s)

	2a
	11/14r2
	Backhaul aggregation of sensors
	

	2b
	11/260r1
	Backhaul aggregation of industrial sensors
	


2.3 Extended range Wi-Fi

	Use case
	Submission
	Description
	Channel Model(s)

	3a
	11/243r0
	Outdoor extended range hotspot
	

	3b
	11/244r1
	Wi-Fi for cellular traffic offloading
	


3.0 Channel models

[Note: This section will be rewritten as channel model submissions are incorporated and the process evolves toward a final channel modeling document that will be ratified by TGah.]


The use cases for 802.11ah are very broad, and encompass both indoor and outdoor usage.  Outdoor usage can be at a wide variety of antenna heights both for the AP and STA (assuming infrastructure mode, although ad hoc mode is not precluded).  Indoor usage can be both industrial and residential; one of the advantages of operation at frequencies below 1GHz is the potential for good propagation through walls, floors, and ceilings, and the channel models will take this into account.  Mobility is limited in use cases ratified through March 2011; velocities no greater than pedestrian speed are expected, so Doppler shifts should take this into account.  Obviously, both line of sight (LOS) and non-line of sight (NLOS) paths can be expected, and channel models will take both of these into account.  Finally, it is also within scope to consider MIMO systems in the frequency bands, so models that address extensions of the 802.11n channel models [2] to Sub-1GHz frequency bands is entirely appropriate and encouraged.  Similarly, existing 3GPP2 models developed for LTE may be appropriate for some frequency bands within the scope of 802.11ah.  Interference effects 
3.1 Frequency bands


The scope of the PAR for 802.11ah allows for many different frequency bands to be considered for inclusion, spanning from 314-928MHz.  
3.2 Outdoor usage


Channel models for outdoor usage, such as meter to pole (Use Case 1a) should take into account antenna heights, and urban/suburban/rural terrain, such as addressed by Hata-Okumura and Bertoni-Walfisch models.

3.3 Indoor usage


[Channel models for communication between indoor devices, such as industrial process sensors (Use Case 1d) or home sensors (Use Case 1h) are often based on empirical or semi-empirical modeling of attenuation versus distance, often piecewise linear, and may include walls as well as variance bands to indicate expected variations from the mean.  While ray tracing techniques can be very useful in predicting performance in a specific location, it poses difficulty in allowing comparison between competing proposals when used as a tool in downselection, and would only be appropriate if all proposals evaluated the same environment.

Indoor models for 802.11 systems in other frequency bands are mature [3], and submissions to augment these channel models with Sub-1GHz band models are encouraged.  In particular, the goal of having models similar to A-F as defined in 802.11n, including related MATLAB code, is especially desirable.  Since the frequency bands defined in the PAR may have significantly different propagation characteristics from each other, the channel models may need to include a frequency dependent parameter. ]
3.4 Combined indoor/outdoor usage


Some use cases, such as backhaul (Use Case 2a/2b) or cellular offloading (Use Case 3b) involve communication between indoor devices and outdoor infrastructure (or vice versa).  Channel models for these types of use cases could be covered by extensions to models such as those described above in Sections 3.2 and 3.3.

4.0 Channel models for TGah use cases


[Note: This section will be updated to reflect models for each use case, and modified as use cases are added or removed.  Clearly, some of these use cases will have exactly the same channel model as others, so “Same as Use Case x.x” will be expected.]

4.1 Channel models for Use Case 1 – Sensors and Meters



4.1 a) Smart Grid - Meter to Pole

[image: image1.emf]# Category Comment

1 Location Outdoor, indoor

2 Environment type Urban, sub-urban, rural

3 STA/AP communication 2-way (meter data & control)

4 Data rate 100 kbps

5 BER/PER requirement PER<10%

6 Mobility Stationary

7 Traffic type Continuous/periodic/burst

8 Security requirement High

9 Reliability High

10 STA/AP capacity STA (outdoor): 6000 [4], :AP: 1 

11 STA/AP category STA: fixed (outdoor/indoor), AP: fixed (outdoor)

12 STA/AP elevation STA: 1m,..,10m [8], AP: 2m,..,30m [8]

13 Actors Meter device (power, gas, water), Distributed 

Automation Device, IEEE 802.11ah AP


4.1 b) [undefined use case]

4.1 c) Environmental/Agricultural Monitoring
[image: image2.emf]# Category Comment

1 Location Outdoor

2 Environment type Rural

3 STA/AP communication 2-way (monitoring data and control; 

mostly monitoring)

4 Data rate 100kbps

5 BER/PER requirement PER<10%

6 Mobility Stationary/low

7 Traffic type Periodic, event-based

8 Security requirement Commercial-grade

9 Reliability Commercial-grade

10 STA/AP capacity STA: <300 , AP: 1

11 STA/AP category STA: fixed/mobile, AP: fixed

12 STA/AP elevation STA: 1-2m, AP: 5-10m

13 Actors Sensor


4.1 d) Industrial process sensors
[image: image3.emf]# Category Comment

1 Location Outdoor

2 Environment type rural, rich specular metallic structures

3 STA/AP communication Send/receive (Monitoring, Control)

4 Data rate <1Mbps *1

5 BER/PER requirement PER<1%

6 Mobility Stationary, Low velocity

7 Traffic type Periodic (0.1s~100s), Burst

8 Security requirement High

9 Reliability High

10 STA/AP capacity STA: 500 , AP: 10

11 STA/AP category STA: fixed, low velocity,  AP: fixed

12 STA/AP elevation STA: 1-20m, AP: 1-20m

13 STA-AP Distance <2km


4.1 e) Healthcare

[image: image4.emf]# Category Comment

1 Location Indoor, outdoor

2 Environment type Home, hospital, clinic, elderly care

3 STA/AP communication 2-way (healthcare data & control)

4 Data rate 100Kbps

5 BER/PER requirement PER<10%

6 Mobility Stationary/low

7 Traffic type Periodic/event-based

8 Security requirement High

9 Reliability High

10 STA/AP capacity STA:50, AP: 1

11 STA/AP category STA: fixed/mobile (indoor), AP: fixed (indoor)

12 STA/AP elevation STA: 1,..,2m, AP: 2m,..,5m

13 Actors Heart rate monitor, blood pressure sensor, 

Electrocardiogram


4.1 f) Healthcare

[image: image5.emf]Hospital/clinic Elderly care Personal fitness

Location Indoor Indoor Indoor

Environment type Building Home Building/home

STA/AP communication Send (monitor) Send/receive Send (monitor)

Mobility Stationary ~ low (walking ) Stationary ~ low (walking) Low (running)

Traffic type

•

Periodic: few KBytes every 

sub-seconds (e.g. blood 

pressure, ECG, …)

•

Event-based: few 100 bytes 

per event

•

Periodic: few 100 bytes 

every few ~ 10s minutes

•

Event-based: few 100 

bytes per event

•

Periodic: few 100 bytes 

every minute

•

Event-based: few 100 

bytes per event

Security requirement Higher than Commercial-grade  Commercial-grade Commercial-grade

STA/AP capacity STA:<50, AP:1 (multi-story 

medical center can have higher 

density)

STA:<50, AP:1 

(independent living model 

can have higher density)

STA: <50, AP:1 (multi-story  

fitness center can have 

higher density)

STA/AP category STA: fixed/mobile,

AP: fixed

STA: fixed/mobile, 

AP: fixed

STA: fixed/mobile, 

AP: fixed


4.1 g) Home/Building Automation

[image: image6.emf]Category Comment

Location Indoor

Environmenttype Home/building

STA/AP communication Send/receive (monitor/control)

Mobility Stationary

Traffic type Periodic: few 100 bytes every few ~ 10s minutes

Event-based: few 100 bytes per event

Security requirement Commercial-grade

STA/AP capacity STA:50~100,AP:1 (multi-story building can have higher density)

STA/AP category STA: fixed,

AP: fixed


4.1 h) Home Sensors
[image: image7.emf]Traffic Conditions:

Potential interference from overlapping 

networks using the same frequency bands.

Potential range extension through the use of 

one repeater between far away sensors and  

the access points

Use Case:

1.Sensors are deployed in the home in 

appropriate locations. A number of sensors 

likely to be battery operated  

2.Home automation application periodically 

probes sensors to report temperatures; or 

sensors pro-actively report changes in 

temperature beyond a certain threshold; or 

sensors proactively report temperature 

readings a scheduled intervals

Pre-Conditions:

User has installed a series of 5 –20 temperature 

sensors throughout the home. Most of the sensors are 

battery operated.

Application:

A home automation system operates its heating / 

cooling / ventilation system based on temperature 

readings received from  the sensors. The temperature 

sensors  provide updated readings either on a periodic 

basis,  triggered by changes in temperature, or upon 

request by the home automation system or the end 

user.  Temperature sensor readings are accessible by 

an authorized user, while being away from  home.

The  payload data being transmitted is around 50 byte 

or less  no stringent  latency  or jitter requirements.

Environment:

Typical coverage of a sensor network is an entire 

home, the maximum  number of sensors typically in the 

10 –50 range. 


4.2 Channel models for Use Case 2 – Backhaul Sensor/Meter Data

4.2 a) Backhaul aggregation of sensors (15.4g)
4.2 b) Backhaul aggregation of industrial sensors
4.3 Channel models for Use Case 3 – Extended Range Wi-Fi

4.3 a) Outdoor extended range hotspot
[image: image8.emf]# Category Comment

1 Location Outdoor

2 Environment type Urban, Sub-urban

3 STA/AP communication Send/receive (monitor & feedback)

4 Data rate (Aggregate BSS PHY rate) Up to 10 Mbps

5 BER/PER requirement PER<10%

6 Mobility Pedestrian

7 Traffic type Burst/permanent

8 Security requirement High

9 Reliability High

10 STA/AP capacity STA: 50, AP: 1

11 STA/AP category STA: fixed, AP: fixed

12 STA/AP elevation STA: 1-2m, AP: 5-10m


4.3 b) Wi-Fi for cellular traffic offloading
[image: image9.emf]# Category Comment

1 Location Outdoor

2 Environment type Urban, sub-urban

3 STA/AP communication Send/receive (Web browsing, multimedia)

4 Data rate (Aggregate BSS PHY rate) 20 Mbps

5 BER/PER requirement PER<10%

6 Mobility Pedestrian

7 Traffic type Burst

8 Security requirement High

9 Reliability High

10 STA/AP capacity STA: 50 , AP: 1

11 STA/AP category STA: nomadic, AP: fixed

12 STA/AP elevation STA: 1-2m, AP: 5-10m

13 Actors Cellular device, portable smart device
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