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ABSTRACT 
This document describes the functional requirements and the evaluation methodology for TGah. These requirements are derived from the document “11-10-0001-13-0wng-900mhz-par-and-5c”. All proposals submitted in response to the IEEE802.11 TGah call for proposal must address the functional requirements that are shown as mandatory in this document. 
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1. Overview
This document specifies the functional requirements for TGah as stated in the Sub 1GHz license-exempt PAR and 5C’s. The emphasis is on the following aspects of TGah amendment.
1. System performance
2. Maintaining the 802.11 user experience
3. Coexistence with 802.15.4 and 802.15.4g devices
4. Enhanced power saving
5. Compliance to PAR
This document also specifies the evaluation methodology and simulation scenarios for TGah devices.

2. Functional Requirements

2.1 System Performance
2.1.1 Supporting band
TGah R1 – The TGah amendment shall describe operation  in the license-exempt band below 1 GHz excluding the TV White Space bands. 
Example operating bands could include one or more of the following
: 863-868.6 MHz (Europe), 915.9 -928.1 MHz 
(Japan), 755


-787 MHz 
(
China), 917- 923.5 MHz (Korea), 866-869 MHz, 920-925 MHz (Singapore)
 and 902-928 MHz (U.S.).

2.1.2 Coverage and data rate
TGah R2 – The TGah amendment shall support mode of operation
 in which 
PHY data rate at least 100 Kbps
 is provided with coverage of 1km
 under regulatory constraints
.  





TGah R3 – The TGah amendment
 shall provide at least a mode of operation capable of achieving a maximum aggregate Multi-Station data rate of 20Mbps as measured at the PHY data service access point (SAP) in S1G band.
2.1.3 OFDM PHY modulation
TGah R4 – The TGah amendment shall use an Orthogonal Frequency Division Multiplexing (OFDM) PHY modulation.
2.1.4 Number of associations
TGah R5 – The TGah amendment shall support a mode of operation that supports the number of associations beyond 2007 for outdoor applications. 

2.2 Mainintaining the 802.11 User Experience
TGah R6 – The TGah amendment shall maintain the network architecture of the 802.11 system
 for fixed, outdoor, point-to-multi-point applications

 and support compability to 802.11 management plane defined in the existing 802.11 standard and its amendments. 


2.3 Coexistence with 802.15.4 and 802.15.4g devices
TGah R7 – The TGah amendment shall provide a mechanism to enable coexistence with other systems in the bands including 802.15.4 and 802.15.4g. 

2.4 Enhanced Power Saving
TGah R8 – The TGah amendment shall provide an enhanced power saving mechanism 
to support battery-powered operation with long replacement cycle
.
2.5 Compliance to PAR

TGah R9 - The proposal complies with the PAR and 5 Criteria [1].
3. Evaluation Methodology
The evaluation methodology defines PHY performance, conditions for PAR compliance and a limited set of simulation scenarios and comparison criteria for TGah evaluatation. 

It is recommended to exploit the evaluation methodology defined in this document when it is needed to submit a technical proposal which has a meaningful impact on network performance and only checking the PHY link performance may not be enough.
Each TGah proposal may use a PHY abstraction method. If a PHY abstraction method is used, the method must be described and disclosed.
3.1 PHY Performance

3.1.1 PHY channel model

Channel models defined in 802.11n channel model document 
[9] shall be used for indoor simulation scenarios with propoer modifications to large-scale path loss model. 

3GPP-based outdoor channel models shall be used for outdoor simulation scenarios. 
Channel model document will soon get an approval in TGah.
3.1.2 PHY impairments
This table is derived from the one used for TGac impairments modeling. 
Please let Minho know if there is any need to change for TGah.
Table 1. PHY impairments
	Number
	Name
	Definition
	Comments

	IM1
	PA non-linearity
	Simulation should be run at an oversampling rate of at least 2x. 
To perform convolution of the 2x oversampled transmit waveform with the channel, the channel may be resampled by rounding each channel tap time value to the nearest integer multiple of a sample interval of the oversampled transmit waveform.

Use RAPP power amplifier model as specified in document 00/294 with p = 3.  Calculate backoff as the output power backoff from full saturation:  

PA Backoff = ­10 log10(Average TX Power/Psat).

Total TX power shall be limited to no more than TBD dBm.

Disclose: (a) EIRP and how it was calculated, (b) PA Backoff, and (c) Psat per PA.

Note: the intent of this IM is to allow different proposals to choose different output power operating points.

Note: the value Psat = dBm is recommended.

	

	IM2
	Carrier frequency offset
	Single-user simulations for all comparisons except Offset Compensation shall be run using a fixed carrier frequency offset of –13.675 ppm at the receiver, relative to the transmitter.  The symbol clock shall have the same relative offset as the carrier frequency offset. Simulations shall include timing acquisition on a per-packet basis. 

Downlink multi-user simulations 
for all comparisons except offset compensation shall be run using a fixed carrier frequency offset selected from the array [N(1) ,N(2),……,N(16) ], relative to the transmitter, where N(j) corresponds to the frequency offset of the j-th client and is randomly chosen from [-20,20] ppm with a uniform distribution. 
	.

	IM3
	Phase noise


	The phase noise will be specified with a pole-zero model.  
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PSD(0) = -TBD dBc/Hz

pole frequency fp = TBD kHz

zero frequency fz = TBD kHz

Note, this model results in PSD(infinity) = -TBD dBc/Hz

Note, this impairment is modeled at both transmitter and receiver.
	It is inevitable to change pole/zero frequency and PSD level. 


	IM4
	Noise figure
	Input referred total noise figure from antenna to output of the A/D will be 10dB.  

	

	IM5
	Antenna Configuration
	The TGn antenna configuration at both ends of the radio link shall be a uniform linear array of isotropic antennas with separation of one-half wavelength, with an antenna coupling coefficient of zero. 
The TGah antennas can be assumed to either be all vertically polarized or a mix of vertical and horizontal polarizations or dual polarization at ±45 degree, as specified in the TGac channel model addendum document [11]
	

	IM6
	Fluoroscent Light Effects
	The fluoroscent light effects specifed in the TGn Channel model shall not be considered for the TGah indoor simulation scenarios.
	

	Other impairments
	
	
	Please let Minho know if there are other PHY impairments to consider specifically for TGah.


3.1.3 Comparison criteria
1. PER vs. SNR curves

a. all MCS’s

b. Simulate all of channel models

c. Simulation must include:

i. updated PHY impairments

ii. timing acquisition on a per-packet basis

iii. preamble detection on a per-packet basis
3.2 Traffic Models
TGah evaluation shall consider traffic models
 for TGah-specific applications such as smart grid, sensor networks and so on define in 802.11ah usage model document [15], as well as some of conventional 802.11 traffic models [4] which are applied to the extended range Wi-Fi in TGah
.
Table 2. Traffic models
	Num.
	Application
	Offered Load per link (bps)
	Protocol
	MSDU Size (Byte)
	Max.

 PLR
	Max. Delay (ms)
	Refreshmen
t cycle (sec.)
	Data amout to be tr. per  refreshment cycle
 (Byte)
	Source

[ref]

	1
	Smart Grid
	TBD

(1.3bps at PHY)

	TBD

(2 way periodic/burst)
	2400

	TBD

(PER <10%)
	TBD
	4 hour
	2400
	[16-18]

	2
	Sensor networks (IoT)
	TBD

(70-420 bps at PHY)
	TBD

(2 way periodic/event-based)
	256

	TBD

(PER <10%)
	TBD
	10-60
	256
	[17,18]

	3
	Healthcare/clinic
	TBD

(65 Kbps at PHY)
	TBD

(2 way periodic/event-based)
	2048
	TBD

(PER < 10%)
	TBD
	0.25
	TBD
	[17,18]

	4
	Fitness/elderly care
	TBD

(70 bps at PHY)
	TBD

(2 way periodic/event-based)
	512
	TBD
	TBD
	60
	512
	[17,18]

	5
	Home/building automation
	TBD

(70 bps at PHY)
	TBD

(2 way periodic/event-based)
	512
	TBD
	TBD
	60
	512
	[17,18]

	6
	Industrial process automation
	TBD

(51.2 bps – 5.12 Kbps at PHY)
	TBD

(2 way periodic/burst)
	64

	TBD

(PER <1%)
	200

	0.1-10
	64
	[18]

	7
	Cellular offloading

(web browsing)
	256K


	TCP
	64
	N/A

(PER < 10%)
	
	N/A
	N/A
	[17,18]

	8
	Cellular offloading

(video/audio streaming)
	100K–4M


	UDP
	512
	10^-4
(PER < 10%)
	200
	N/A
	N/A
	[17,18]

	9
	Cellular offloading

(audio streaming)

	64K-256K


	UDP
	418
	10^-4
(PER < 10%)
	200
	N/A
	N/A
	[17,18]

	10
	SDTV
	4M-5M
	UDP
	1500
	5*10^-7
	200
	N/A
	N/A
	

	11
	VoD control channel
	60K
	UDP
	64
	10^-2
	100
	N/A
	N/A
	Guess

	12
	Video Conf
	128K-2M
	UDP
	512
	10^-4
	100
	N/A
	N/A
	

	13
	Internet Streaming video/audio
	100K–4M
	UDP
	512
	10^-4
	200
	N/A
	N/A
	

	14
	Internet Streaming audio
	64K-256K
	UDP
	418
	10^-4
	200
	N/A
	N/A
	Group guess

	15
	VoIP
	96K
	UDP
	120


	5%
	30
	N/A
	N/A
	ITU-T G.114 300ms round-trip delay

G.711 Codec

	16
	MP3 Audio

Other formats are taking over (AAC/MPEG-4, OggVorbis, etc)
	64K–320K
	UDP
	418
	10^-4
	200
	N/A
	N/A
	

	17
	Video phone
	500K
	UDP
	512
	10^-2
	100
	N/A
	N/A
	Aps guess

	18
	Remote user interface (X11, Terminal Server Client)

(remote display/keyboard/mouse)
	500K-1.5M

(peak)
	UDP
	700
	N/A
	100
	N/A
	N/A
	11-03-0696r0

	19
	Content download (photo camera)
	Max. 20Mbps
(see Note1)
	TCP
	1500
	N/A
	
	N/A
	N/A
	Corresponds to USB and flash speed

	20
	Internet File transfer (email, web, chat)
	Max. 20Mbps

(see Note1)
	TCP
	300
	N/A
	
	N/A
	N/A
	

	21
	Clicking on web link
	256K
	TCP
	64
	N/A
	
	N/A
	N/A
	desribed in 11-03-0802r23 (pp.27)

	22
	Infinite Source Model
	Infinite (transmit buffer always full)
	TCP
	1500 or 1000 or 300
	N/A
	
	N/A
	N/A
	Popular model in network analysis


Note1) Refer to that it is allowed to have 20Mbps as aggregated data rate for extended Wi-Fi or cellular offloading applications. 
4. Simulation Scenarios
The simulation scenarios define a limited set of simulation scenarios for network simulation considering traffic model, location of STAs, interference modelling 
and overlapped BSS effect for TGah evaluation. 

Simulation scenarios for TGah evaluation are summarized as: 

Table 3. Simulation scenarios

	Scenario 
Number
	Purpose 
	Note 

	1 
	Test compliance to PAR. 
	Aggregated PHY data rate at least 100 Kbps is provided with coverage of 1 km under regulatory transmission power limits.  


	2
	Outdoor application with an extremely large number of stations for smart grid
	Includes smart grid specific data flows.


	3
	Outdoor application with a moderately large number of stations for sensor network
	Includes sensor network specific data flows.


	4
	Indoor application with dozens of nodes for healthcare and building automation
	Stress test for TGah operation.
Scenario with various kinds of flows.


	5
	Outdoor application with dozens of nodes for extended range Wi-Fi
	Stress test for TGah operation.
Scenario with various kinds of flows.
 


4.1 Test for Compliance to PAR
4.1.1 Point-to-multi-point link test (scenario #1)
Synthetic test case to demonstrate multi-STA aggregated PHY data rate at least 100 Kbps with coverage of 1 km during some time interval. 

This scenario is motivated by the scenario #19 defind in 802.11n usage model document [4] and scenario #1,2 defined 802.11ac functional requirements and evaluation methodology document [9]. 
Number of stations (AP + STAs): at least 11
One TGah AP is source

Number of TGah STAs which are sinks : at least 10

Traffic from AP to STA and  STA to AP as well
Protocol: UDP
Offered load : infinite
MSDU size: 512
PHY channel model
TBD (outdoor channel model for TGah)
Locations of stations
Fixed locations are represented as 3-dimensional coordinates.
Meet requirements in [functional requirements Sections 2.1.2]

Table 4. Flows in scenario #1
	Flow No.
	Source
	Source Location 
(meters)
	Sink
	Channel Model
	Sink Location

(meters)
	Application
	Application Load  (Mbps)
	Rate Distribution
	MSDU Size (B)
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Note) Different bit rate can be offered to each flow.

4.2 Outdoor Application with an Extremely Large Number of Stations for Smart Grid (scenario #2)
Test case to demonstrate smart grid application with smart grid specific data flows
.

6001 stations
One TGah AP is source and sink.
6000 TGah non-AP STAs 
are souces and sinks. 
Traffic from STAs to AP
Metering data 
Traffic from AP to STAs
Control data
Traffic STAs to STAs
 

None
PHY channel for each link
Channel model type applied : TBD (outdoor channel model for TGah)

Locations of stations

AP’s
 location : (0,0,10)

STAs’ locations : randomly distributed 
with uniformdistribution within a coverage 1km. 
 STA elevation is also a random value with uniform distribution of 1-10m.
Meet requirements specified in PLR and Max. Delay per each flow

If needed, some fidelity criterion may be introduced based on CDF statistics or mean/std. of the results as a figure of merit to guarantee reliability of simulations [21].
Total throughput condition

It is available to offer infinite load for this scenario with TCP flows if there is any TCP flows defined in this scenario.
Table 5. Flows in scenario #2 
	Flow No.
	STAs

(Source/Sink)
	Source Location
(meters)
	Sink Location
(meters)
	Channel Model
	Application

(Forward Traffice / Backward Traffic)
	 Application Load  (Mbps)
(Forward / Backward)
	Rate Distribution
(Forward / Backward)
	MSDU Size (B)

(Forward / Backward)
	Max. Delay (ms)
(Forward / Backward)
	Max. 

PLR
(Forward / Backward)

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Total Throughput
	
	
	
	
	


Further consideration for OBSS environment: TBD
Informative note)
If there is actual need to check OBSS effect with this scenario
, it is desirable to set M multiple neighboring BSSs (more than the number of frequency channels), whose center is distant to AP’s location which belongs to the original BSS by R meters (R is less than 1km). Every neighboring BSS can be arranged circulary with a distance apart. Operating frequench channels are mapped to BSSs not to overlap with that of subsequent BSS as possible. Notably, in this smart grid application, it is not probable in multiple BSS environment that each BSS has still 6000 nodes. So, when we try to simulate this scenario in the OBSS environment, the number of stations per each BSS may be reduced into 6000/M, which means all stations (6000) are assigned equally to M multiple BSSs.
But, currently, it is not certain whether OBSS environments for smart grid simulation scenario is needed or not, because it’s active transmission time is too short to be overlapped with those of other BSS while having many nodes in it. So, it is needs to have more investigation.
. 

4.3 Outdoor Application with a Moderately Large Number of Stations for Sensor Network (scenario #3)
Test case to demonstrate sensor network application for environmental and agricultural monitoring with their specific data flows
.

201 stations
One TGah AP is source and sink.
200 TGah non-AP STAs are souces and sinks. 
Traffic from STAs to AP
Moniroting data

Traffic from AP to STAs
Control data (very few)
Traffic STAs to STAs
 

None
PHY channel for each link
Channel model type applied : TBD (outdoor rural channel model for TGah)


Locations of stations

AP’s
 location : (0,0,10)

STAs’ locations : randomly distributed 
with uniform distribution within a coverage 1km. 
 STA elevation is also a random value with uniform distribution of 1-2m.
Meet requirements specified in PLR and Max. Delay per each flow

If needed, some fidelity criterion may be introduced based on CDF statistics or mean/std. of the results as a figure of merit to guarantee reliability of simulations [21].
Total throughput condition

It is available to offer infinite load for this scenario with TCP flows if there is any TCP flows defined in this scenario.
Table 6. Flows in scenario #3 
	Flow No.
	STAs

(Source/Sink)
	Source Location
(meters)
	Sink Location
(meters)
	Channel Model
	Application

(Forward Traffice / Backward Traffic)
	 Application Load  (Mbps)
(Forward / Backward)
	Rate Distribution
(Forward / Backward)
	MSDU Size (B)

(Forward / Backward)
	Max. Delay (ms)
(Forward / Backward)
	Max. 

PLR
(Forward / Backward)

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Total Throughput
	
	
	
	
	


Further consideration for OBSS environment: TBD
Informative note) 

If there is actual need to check OBSS effect with this scenario
, it is desirable to set M multiple neighboring BSSs following the above conditions (more than the number of frequency channels), whose center is distant to AP’s location which belongs to the original BSS by R meters (R is less than 1km). Every neighboring BSS can be arranged circulary with a distance apart. Operating frequench channels are mapped to BSSs not to overlap with that of subsequent BSS as possible.  

But, currently, it is not certain whether OBSS environments for smart grid simulation scenario is needed or not because it’s active transmission time is too short to be overlapped with those of other BSS while having many nodes in it. So, it is needs to have more investigation.

4.4 Indoor Application with Dozens of Stations for Healthcare and Building Automation (scenario #4)
Test case to demonstrate indoor application with over 25 uplink/downlink flows per BSS for healthcare and building automation. Locations of stations can be derived from well-defined indoor scenario #4 (enterprise network) defind in 802.11n usage model document [4] or indoor scenario #5 defined in 802.11ac functional requirements and evaluation methodology document [20]. 

26 stations
1 TGah AP are source and sink inside a room 
25 TGah non-AP 
STAs are souces and sinks inside a room. Those stations are associated with the corresponding AP in the same room. 
Room size is 20m x 20m x 5m. 

Traffic from STAs to AP

Monitoring data for healthcare, fitness, elderly care and building automation

Traffic from AP to STAs
Control data for healthcare, fitness, elderly care and building automation
Traffic STAs to STAs
 

None
PHY channel for each link
Channel model type to be applied : Model D
 (indoor channel model for TGah)
Channel model break point between LOS and NLOS : as defined in Table 2 of [24]


Shadowing term is TBD
 dB

In 802.11n channel model document [8], shadow fading std. dev. is specified for each channel model between 3dB and 6dB at page 7. But in 802.11n usage model document [3], shadowing term applied to all the 802.11n simulation scenarios is set to 0dB for generating a channel realization at page 22.

Locations of stations
25
AP’s
 location : (0,0,3
)

STAs’ location : randomly distributed 
with uniform distribution inside a room 
 

STA elevation is also a random value with uniform distribution of 1-2m.

Meet requirements specified in PLR and Max. Delay per each flow

If needed, some fidelity criterion may be introduced based on CDF statistics or mean/std. of the results as a figure of merit to guarantee reliability of simulations [21].

Total throughput condition

It is available to offer infinite load for this scenario with TCP flows if there is any TCP flows defined in this scenario.
Table 7. Flows in scenario #4.
	Flow No.
	Source
	Source Location

(meters)
	Sink
	Sink Location

(meters)
	Channel
	Application
	Application Load  (Mbps)
	Rate Distribution
	MSDU Size (B)
	Max. Delay (ms)
	Max. PLR

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Downlink Flows
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Flow No.
	Source
	Source Location
(meters)
	Sink
	Sink Location
(meters)
	
	
	
	
	
	
	

	 
	Uplink Flows
	 
	 
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	Total Measured Throughput
	
	
	
	
	


Furtherextensions  for OBSS environment 

It is highly expected that most of households/office will have more Wi-Fi in the near future [25]. So, 802.11ah may work in denser deployment with AP active in many apartments rather than 11n or 11ac.
1) OBSS extension for one floor:
If needed to check OBSS effect on a floor, 3 BSSs, each of which follows the above conditions for scenario #4 can be modeled as neighboring rooms on a floor. In this scenario, the number of all the APs is 3 and the number of all the non-AP STAs is 75 in total. Operating frequench channels are mapped to multiple BSSs not to overlap with those of neighboring BSSs as possible.

In this extension scenario, wall penetration loss is newly introduced as follows:
· Penetration loss for outside wall : TBD dB

· Penetration loss for inside wall : TBD dB
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Figure 1. OBSS extension of scenario #4 to multiple BSSs on a floor.
(Note: 25 STAs will be distributed randomly in each room and associated with the corresponding AP)
2) OBSS extension for multiple floors:
If there is additional need to check OBSS effect on multiple floors as well, we can 
also take into considerationa multi-story building,in which 3 neighboring rooms on a floor defined in Figure 3 are easily replicated 3 times horizontally, which makes a 4-story building. In this scenario, the number of all the APs is 12 and the number of all the non-AP STAs is 300 in total. In this extended scenario, it is additionally required to introduce path loss for floor in 900MHz bandNote that path loss for floor is not exactly proportional to the number of floors as described in the TGah channel model document [24]. 
In addition, because the fixed AP location at the center of each room may raise a worst-case OBSS interference among BSSs horizontally, it is also recommded that each AP can be located randomly as well with uniform distribution within the corresponding room. 
Operating frequench channels are mapped to multiple BSSs not to overlap with those of neighboring BSSs as possible.


4.5 Outdoor Application with Dozens of Stations for Extended Range Wi-Fi (scenario #5)
Test case to demonstrate outdoor application for extended range Wi-Fi.

51 stations
One TGah AP is source and sink.
50 TGah non-AP STAs are souces and sinks.
Traffic from AP to STAs
Downlink data flows for cellular offloading (for 25 stations)

Conventional downlink data flows (within limited rate condition) for extended range hot spot (for 25 stations)

Traffic from STAs to AP
Clicking on web link, file upload, video conferencing, VoIP et al. 
PHY channel for each link
Channel model type applied : outdoor urban or sub-urban channel model for Tgah


Locations of stations

AP’s
 location : (0,0,10)

STAs’ locations : randomly distributed 
with uniform distribution within a coverage 1km. 

Meet requirements specified in PLR and Max. Delay per each flow

If needed, some fidelity criterion may be introduced based on CDF statistics or mean/std. of the results as a figure of merit to guarantee reliability of simulations [21].
Total throughput condition

It is available to offer infinite load for this scenario with TCP flows if there is any TCP flows defined in this scenario.
Table 8. Flows in scenario #5.

	Flow No.
	Source
	Source Location
(meters)
	Sink
	Sink Location
(meters)
	Channel
	Application
	Application Load  (Mbps)
	Rate Distribution
	MSDU Size (B)
	Max. Delay (ms)
	Max. PLR

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Downlink Flows
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	Total Measured Throughput
	
	
	
	
	


Further consideration for OBSS environment: TBD
Informative note)

Extended Wi-Fi or cellular offloading application may have severer OBSS effect than any of other applications defined in TGah use case document, because it does not have very low duty cycle while having quietly extended Wi-Fi coverage compared to 11n or 11ac. 

So, if there is actual need to check the OBSS effect in this scenario, it is desiable to set M multiple neighboring BSSs following the above conditions (more than the number of frequency channels), whose center is distant to AP’s location which belongs to the original BSS by R meters (R is less than 1km). Every neighboring BSS can be arranged circulary with a distance apart. Operating frequench channels are mapped to BSSs not to overlap with that of subsequent BSS as possible. It needs to have more investigation. 
4.6 Comparison Criteria
PHY data rate 

Aggregated PHY data rate (downlink + uplink + STA-to-STA)

PHY Data rate of each flow in the simulation scenario

MAC SAP throughput (goodput)
Aggregated throughput (downlink + uplink + STA-to-STA)

Throughput of each flow in the simulation scenario

Packet Loss Rate for each flow in the simulation scenario

Lost packets include

Packets that exceed maximum latency requirement

Packets that are dropped after exceeding maximum number of re-tries
Specify number of antennas for each STA used in the simulation scenario

Specify number and frequency width of frequency channels used in the simulation scenario
Specify regulatory power limits considered in the simulation scenario.

4.5 Results Presentation Format
This format will be introduced here.
5. Summary of Functional Requirements
Table 9. Summary of functional requirements
	Requirement

Number
	Description
	Requirement Statement
	Status of Requirement
	Notes (informative)

	R1
	
	
	
	

	R2
	
	
	
	

	R3
	
	
	
	

	R4
	
	
	
	

	R5
	
	
	
	

	R6
	
	
	
	

	R7
	
	
	
	

	R8
	
	
	
	

	R9
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�As defined in Selection Procedure document (11-11/0238r2), TGah functional requirements document also include evaluation methodology (network simulation scenarios)


�They are a small set of very essential and key requirements without which we cannot call the amendment TGah. 


Each requirement in the FR-EM document had better be described as a normative text without any specific number as possible.


�“e.g.” is used expression in PAR document. This meaning is that there may be additional qualifying bands below 1GHz, and the regulations may be changing in some regions. 


�In order to resolve some ambiguity on whether enumerated examples belong to TGah bands or TVWS bands, this sentence is reworded by Dalton’s suggestion.


�Based on “15-10-0180-01-004g-current-status-of-japanese-regulatory-changes-regarding-950mhz-band.pdf”, the current Japan band is 950.8-957.6MHz (1mW max power or 10mW from 954MHz). But, following up the recent spectrum reform of entire UHF frequency usage in Japan due to termination of analog TV broadcasting service, current 950MHz band shared by WSN (wireless sensor network) and RFID is going to move to so called 920MHz band. As new 920MHz 


band is substantially expanded in bandwidth and still partially shared by RFID, the rules and conditions to be fulfilled by WSN devices are changed. The corresponding consultation has been issued by telecommunication council of MIC in June 2011, and the actual law ordinances are expected to be in effect by July 2012. You can refer to these two following documents. 


- 11-11-1318-00-00ah-japanese-channelization-for-802-11ah [26]


- 11-11-0974-02-00ah-consultation-summary-of-japanese-920mhz-band-rules-and-conditions [27]








�Splitting 430-434 MHz into two bands seems more appropriate as defined in [22] in order to resolve ambiguity on whether 432-433MHz band can be utilized or not. 


�By discussions at the conference call at 27th June, 2011, all the possible China bands are remained for TGah applications for the time being. Sun Bo (ZTE) may have a plan to inform TGah later if there is any meaningful change in China regulations.


�Based on “15-10-0180-01-004g-current-status-of-japanese-regulatory-changes-regarding-950mhz-band.pdf”, the current band is 950.8-957.6MHz (1mW max power or 10mW from 954MHz). But, based on discussions with author of the above reference, by the end of year 2011 the spectrum will move to roughly 916-930 MHz while still maintaining 1MHz limit. 


�470-510 MHz band and 779-787 MHz band are deleted in these representative example bands in R1 because there’ve been lots of debate whether these bands are appropriate for these representative example bands because these bands seems in kind a situation 802.11af defined for TVWS. You can refer to 11-11-0957-02-00ah-s1g-spectrum-regulations-in-china for more detailed information. 


But, even though some band is not listed in these representative example bands, it does not mean that that band is excluded for TGah applications. 


�Supporting band in China is suggested by Daning from CATR (11/1320r1) [28] and officially adopted in 802.11ah in September 2011. For your information, supporting band in China can be classified into these two groups


Band 1:  779-787MHz


8MHz, 1/2/4/8MHz Channel bandwith


high data rate applications have priority


Band 2:  755-779MHz 


24MHz, chosen from 614-787MHz, 1MHz channel bandwith


low data rate applications have priority


Reason to use 755-779MHz


This band can be used for 11ah under Chinese regulation constrains


More channels for 11ah, improve performance


This band is consecutive with band 1, which lead to altogether 32 consecutive channels of 1MHz, easy to design





�These bands are suggested by Zander at I2R [29] (11-12-0111-01-00ah-singapore-sub-1ghz-frequency-bands-and-channelization-for-11ah) and officially adopted in 802.11ah in January 2012.


�For the supporting bands, some of the bands introduced as examples in PAR document may not be appropriate for 11ah operation due to limited max bandwidth based on doc.11-11/0685r0. For example, China 470-510MHz has less than 200 KHz limit.  


�I think combining coverage and data rate into one requirement is suitable because it may be confusing otherwise. 


�Of course, it must be checked later based on an adopted path loss model in order to see this value can be achieved. In addition, there will be some specific simulation scenario with channel models applied in evalution methodoloy section in this document to check compliance to PAR. I think kind of normative text without many explanatory notes may be more suitable for functional requirements section from experiences in other task groups.


�I’m reminded that this 100kbps which is described in PAR document was the result of compromise with 15.4g on the PHY rate aspect to get the PAR approved. So, I would suggest using “PHY data rate at least 100 Kbps” instead of MAC throughput at SAP. Since TGah is not trying to have higher MAC throughput, defining it as PHY rate should be sufficient for PHY/MAC design.


In addition, I would not chage the minimum data rate requirement as greater value than 100Kbps because 100Kbps is applied to most of use cases in the use case document. Only use cases (1d), (3a), (3b) specifies data rate over 100Kbps.


�While extending coverage up to 2km was proposed by Yokogawa Electric specifically for use case (1d) with many metallic walls, most of TGah people attending the conferecall on 11th April don’t want to change coverage requirement which is already described as 1km in the PAR document.


In addition, the original proposer withdrew his proposal. In his subsequent submission (11-11/0547r0), required coverage for used case (1d) in typical cases is less than 500m. 


Ron justified that 1km coverage is reasonable checking link budget in his document (11-11/0552r1).


�This change in expression reflects Daining (CATR)’s comments during IEEE SF meeing in July 2011 becaise there are other constraints other than transmit power limists in regulations. 


Because regulatory conditions are highly depending on regions, considering regulatory transmission power limits is inevitable to describe the requirement for coverage and data rate. It needs to optimize the rate vs. range in a given band. �PAR also says that the data rates defined in this amendment optimize the rate vs. range performance of the specific channelization in a given band.


�This sentence (R2) does not mean that all the TGah devices shall support mode of operation defined as above. This decription is about the TGah amendment, that is, TGah draft. So, even though some devices cannot support this performance, we can still call those devices as TGah devices only if they comply with the TGah amendment, in which there shall be some mode to support this performance. 


�When we also consider LOS in channel model, it might have some possibility that any mode defined in TGah amendment cannot support this performance. If this general kind of problem is officially raised and proved in TGah, then I will update this requirement according to what TGah may get concensus in the future. 


�This addition of requirement on peak PHY rate is straw poll passed by (15/4/49) on July 19 2011 during SF plenary meeting. 


�While most of use cases only need 50~100 STAs, some use case (smart grid use case (1a) ) needs 6000 STA/AP capacity. Currently from WG11 standards, number of associations available is limited to 2007. With 2007 associations, the max size of the TIM is 251 octets. Since number of associations will have an impact on the system design it should be reflected in the functional requirements document. There is also a comment that extending the number of associations is inevitable if we support 11i. So, it needs to support a mode of operation in which the number of associations can extend beyond 2007 to cover smart grid use case, which is one of the original TGah applications. This value may be set as a concrete number later if TGah can agree later.


�Because there were some comments that this sentence needs to be described in more detail, some phases are added. These are captured from "802.11 user experience" section in TGad functional requirements. 


�This phrase enumerates all the possible application types in TGah. 


�PAR says “maintaining the 802.11 WLAN user experience for fixed, outdoor, point-to-multi point applications.”


5C says “Compatibility with IEEE 802 requirements will result from keeping the MAC SAP interface the same as for the existing 802.11 standard. The proposed amendment shall introduce no 802.1 architectural changes. The MAC SAP definition shall not be altered, ensuring that all LLC and MAC interfaces are compatible to and in conformance with the IEEE 802.1 Architecture, Management and Internetworking standards. New managed objects shall be defined as necessary in a format and structure consistent with existing 802.11 managed objects.”


�Compatibility with the existing 802.11 standard and its amendments (802.11i/w/s/k/v/u or other TGs) can be also included as one of maintaining 802.11 user experience. Does this mean that 802.11i/w/s/k/v/u shall be used in all the applications? No, it is just about compatibility. 


�This requirement for user experience is about maintaining the network architecture of the 802.11 system and compatibility to 802.11 management plane, not to PHY features of other task groups operating in other bands such as 11n, 11ac, 11ad, 11af and so on. 


So, it does not mean that fast session transfer shall be supported which provides a seamless transfer of an active session from the Sub1GHz band to the 2.4/5GHz band, and vice versa, as similar as TGad. 


FYI, while TVWS bands are used for 11af, there is no description about fast session tranfer or connectivity to 2.4/5GHz WLAN devices even in TGaf draft. Instead, it may be kind of vendor's options.


�There is already a specific use case (2a) which needs coexistence with 15.4g. PAR document describes “provides mechanisms that enable coexistence with other systems in the bands including IEEE 802.15.4 and IEEE P802.15.4g”. 5C document describes need to make a coexistence assurance document which is meant for 15.4g as follows: The working group will create a CA document and specifically reference IEEE P802.15.4g as part of the WG balloting process. So, coexistence with IEEE802.15, IEEE802.15.4g and other systems in the bands is inevitable. 


There was a debate on whether just a CA document is enough without any description about this in the FR-EM document. After checking the FR document in other task groups in WG11, there are some other instances describing the coexistence with other, such as those of TGac and TGad. In addition, it seems better for the FR document to inherit the PAR document.


�Low throughput devices may desire larger sleep time, generally 15 minutes and in some extreme cases less a day. Most of TGah devices may be expected to have very long battery duration time. 


I would include the enhanced power saving feature in functional requirements because it is kind of newly-introduced feature in TGah and may have a big impact on system design. About defining some specific number for duty cycle or battery life and so on, it may be better to describe in spec. framework document or TGah draft rather than in functional requirements. 


�This phrase “for sensor devices” is deleted because it may induce some unintended ambiguity.


�Doppler value defined in 802.11 channel model document [9] may need to be moderated, which have already had agreement in TGac channel modeling discussions. Refer to [12]. 


It may �be up to further discussions in TGah on whether downlink multi-user MIMO feature can be allowed in TGah or not. 


�It is also needed to check on whether second order modeling for phase noise is applicable for 900MHz bands.


�Among rows in the following table, TGah-specific traffic models are described from #1 to #9. From #10, conventional traffic models which can be applied to TGah extended Wi-Fi usage are described. 


�Traffic models for backhaul link are not included in this table because most of backhaul network using TGah needs an interface to 802.15.4g devices which is very hard to model. In addition to that, it has been rarely coverd in WG11 simulation scenarios handling backhaul link because it does not have prioritized usage compared to other usage models. If we try to simulate backhaul network only consisting of 11ah devices, it may be possible to re-use the traffic models originally defined for sensor networks, in my personal thinking.


�This term “refreshment cycle” is adopted from discussions at conference call on July 11 2011 to resolve some potential ambiguity.


�This value means that accumulated data amount during one refreshment cycle, which is to be transmitted every refreshment cycle. The active transmission time (or transmitter on time) may be depending on this value and applied PHY data rate as well. FYI, applied PHY data rate can be varying on every instance in simulation. So, it is recommended that anyone who simulates some network scenario also announces that an active transmission time (transmitter on-time) and an active reception time (receiver on time) for each application to check the power saving efficiency. These parameters will be added in the results presentation format which will be defined in section 4.5 of this document. 


�This value (1.56 bps at PHY) is obtained in [17] that all the needed information size for a STA at one shot (16808 byte) is divided by one of replacement cycle candidate (typically one day for smart grid application). Because this value is quitely low compared to other possible applications in TGah, it is needed to check on whether this value is enoughly meaningful.


�In NIST PAP2 document [16], it is described that in 90% of a day 2400 bytes is transmitted per every 4 hour.


�It reflects discussion results on July 11 2011 that a little smaller size of MSDU may be more appropriate for sensor network transmission than 512 byte which is used size for fitness and elderly care.


�While this value is decribed as 32000 in 11/299r0, I set this value to be 64 as it is described in the TGah use case document (11/0457r0).


�This value is derived from the TGah use case document that industrial process automation requires latency of hundres of miliseconds.


�Refer the traffic model “Clicking on web link”.


�Refer the traffic model “Internet streaming video/audio”.


�In cellular offloading traffics, it may be also important to consider switching time from cellular network to Wi-Fi network and vice-versa in the entire system design. But, it is beyond the scope of 11ah standard and it is almost difficult to take it into consideration to define this parameter for TGah evaluation methodology. So, in this document, I do not specity any restriction on swichting time parameter for cellular offloading. 


�Refer the model “Internet streaming audio”.


�Reflecting some comments during IEEE SF meeting in July 2011, I changed this value into 20Mbps, which may seem more matched to the aggregated data rate define for extended Wi-Fi or cellular off-loading applications. 


�Klaus may have a plan to propose an interference modelling for TGah network simulation (maybe in July 2011). 


�With larger number of clients, especially in an outdoor environments, it is more probable to have hidden nodes and overlapped BSS effect. 


To take into consideration these, it may be desirable just to include it as an additional simulation scenario considering OBSS deployment, which is also an adopted approach in TGac discussions.


�As already introduced in [19], it is desirable to set 4 or so simulation scenarios:


 From use case category 1 (sensors and meters), outdoor with an extremely large number of nodes and indoor/outdoor with a moderately large number of nodes


From use case category 2 (backhaul sensor and meter data), backhaul network is not easy to simulate because it also needs 15.4g devise needs to be taken into consideration


From use case category 3 (extended range Wi-Fi), outdoor with moderately high data rate.


In addition, OBSS scenarios for outdoor environments may be considered for a later step.


It is also needed to consider some simple scenario to check the PAR compliance.


Because regulatory conditions are highly depending on regions, considering regulatory transmission power limits is inevitable to describe the requirement for coverage and data rate. It needs to optimize the rate vs. range in a given band. �PAR also says that the data rates defined in this amendment optimize the rate vs. range performance of the specific channelization in a given band.


�Category 1 : video type application,


Category 2 : audio-type application, Category 3 : data type application.


�It is needed to set a specific time duration to check this average data rate. 


�This value is derived from fact that the minimum required number of stations over all the use cases is 10. 


�All the stations are arranged circularly with a distance of 1km from the AP.


�For most of TGah use cases, uplink traffics are dominant. The defined aggregated PHY rate includes UL flows and DL flows as well. 


�Because there is no document to refer to in other standars such 802.16n, 802.16m, 3GPP MTC, 802.15.4g, it is inevitable to define a new scanrios for smart grid network simulation.


�It is needed to discuss in TGah on whether we allow varied replacement cycles in an smart grid network or not. 


�This number of 6000 is captured from that of Smart Grid use case in TGah use case document [15].


�Fixed locations with AP elevation of 2-30 m and STA elevation of 1-10 m [15]. 


�Random distributing requires some guidelines to make the resultant system performance reliable. As used in 802.16m EVM document [21], it is allowable to announce its mean and standard deviation as well from lots of simulation trials. And it is also alloable to announce the performance at the 5% point of CDF statistics as a fiture of merit as used in 3GPP network simulation. From the viewpoint of conventional WG11 approach, any specific method is allowable only if it can guarantee the reliability of its resultant performance value.


�To guarantee simulation reliability, fidelity criterion will be introduced based on the methodology used in 802.16m EMD document [21].


�Currently, it is not certain whether OBSS environments for smart grid simulation scenario is needed or not because it’s active transmission time is too short to be overlapped with those of other BSS while having many nodes in it.


�Because there is no document to refer to in other standars such 802.16n, 802.16m, 3GPP MTC, 802.15.4g, it is inevitable to define a new scanrios for smart grid network simulation.


�It is needed to discuss in TGah on whether we allow varied replacement cycles and multiple use cases in one sensor network or not.  


�Fixed locations with AP elevation of 5-10 m and STA elevation of 1-2 m [15].


�Random distributing requires some guidelines to make the resultant system performance reliable. As used in 802.16m EVM document [21], it is allowable to announce its mean and standard deviation as well from lots of simulation trials. And it is also alloable to announce the performance at the 5% point of CDF statistics as a fiture of merit as used in 3GPP network simulation. From the viewpoint of conventional WG11 approach, any specific method is allowable only if it can guarantee the reliability of its resultant performance value. 


�To guarantee simulation reliability, fidelity criterion will be introduced based on the methodology used in 802.16m EMD document [21].


�Currently, it is not certain whether OBSS environments for sensor network simulation scenario is needed or not because it’s active transmission time is too short to be overlapped with those of other BSS while having hundreds of nodes in it.


�The number of stations in a room for indoor health care application is typically dozens of. 25 is still a practical number for health care and building automation application.


�While 20ft x 35ft size is used for TGaa modeling for a room in an apartment building [23], it is more probable for TGah APs to be deployed for larger indoor space due to its quite a larger coverage.


�Channel model D has been conventionally regarded as the most appropriate one for a large indoor enterprise. In addition, differently from channel model B and C, model D is known quite better for MIMO transmission as well due to its relatively rich amount of scattering.


�We need more time to investigate. 0 dB may be good for reducti on of simulation burden. But, in reality, there is some shadowing effect even in indoor if its size is not so small. 


�Fixed locations with AP elevation of 5-10 m and STA elevation of 1-2 m [15]. 


�Because this scenario is used for indoor use, AP elevation cannot exceed the height of a floor. 


�Random distributing requires some guidelines to make the resultant system performance reliable. As used in 802.16m EVM document [21], it is allowable to announce its mean and standard deviation as well from lots of simulation trials. And it is also alloable to announce the performance at the 5% point of CDF statistics as a figure of merit as used in 3GPP network simulation. From the viewpoint of conventional WG11 approach, any specific method is allowable only if it can guarantee the reliability of its resultant performance value. 


�To guarantee simulation reliability, fidelity criterion will be introduced based on the methodology used in 802.16m EMD document [21].


�Typically, in indoor health care and elderly care, elevation of most STAs is similar to human height. 


�Random distributing requires some guidelines to make the resultant system performance reliable. As used in 802.16m EVM document [21], it is allowable to announce its mean and standard deviation as well from lots of simulation trials. And it is also alloable to announce the performance at the 5% point of CDF statistics as a fiture of merit as used in 3GPP network simulation. From the viewpoint of conventional WG11 approach, any specific method is allowable only if it can guarantee the reliability of its resultant performance value. 





�Source location needs to be changed into 3-dimensional coordinate.


�Sink locations need to be changed into 3-dimensional coordinates.


�Because channel mapping is highly depending on applying BW and regulations as well, we need to investigate with more time. 


�In 11ac which operates in 5GHz band, penetration loss for ouside wall and inside wall is 10 dB and 3 dB, respectively. Penetration loss in 900MHz band needs to be adjusted accordingly. 


�In my personal thinking, having just a floor in an extended scenario may be enough to put more emphasis on just checking OBSS effect in a fair condition with the use of simpler simulation. That is, we don’t have to insist on making the scenario almost realistic to the real world in the viewpoing of evaluation methodology. 


�Because channel mapping is highly depending on applying BW and regulations as well, we need to investigate with more time. 


��Because conventional hot spot scenario defined in 11n document (using channel model E) can not be applied to this scenario due to coverage different, it is inevitable to define a new scanrios for smart grid network simulation.





�Fixed locations with AP elevation of 5-10 m and STA elevation of 1-2 m [15].


�Random distributing requires some guidelines to make the resultant system performance reliable. As used in 802.16m EVM document [21], it is allowable to announce its mean and standard deviation as well from lots of simulation trials. And it is also alloable to announce the performance at the 5% point of CDF statistics as a figure of merit as used in 3GPP network simulation. From the viewpoint of conventional WG11 approach, any specific method is allowable only if it can guarantee the reliability of its resultant performance value. 





� To guarantee simulation reliability, fidelity criterion will be introduced based on the methodology used in 802.16m EMD document [21].


�In cellular offloading traffics, it may be also important to consider switching time from cellular network to Wi-Fi network and vice-versa in viewpoint of the entire system design at higher-layer. But, it is beyond the scope of 11ah standard and it is almost difficult to take it into consideration to define this parameter for TGah evaluation methodology. So, in this document, I do not specity any restriction on swichting time parameter for cellular offloading. 
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