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1 Introduction
The evaluation methodology defines conditions for functional requirements compliance, PHY performance, and a limited set of simulation scenarios and comparison criteria for evaluating proposals.  It uses the evaluation methodology defined in [1] for TGad as baseline. 
2 Conditions for Functional Requirement Compliance

2.1 Point-to-point link simulation
Synthetic test case to demonstrate compliance with requirements in [5, functional requirements Section 2.1].
1. Two stations

a. STA 1 is source

b. STA 2 is sink

2. traffic from STA1 to STA2
a. protocol: UDP

b. offered load: infinite

c. MSDU size: 8 Kbytes
3. PHY channel impulse response and pathloss model
a. home living room
4. Meet requirements in [5, functional requirements Sections 2.1.1 and 2.1.2]
2.2 Link budget parameters for FR Section 2.1.2 (range requirement – Req2.1.2.1 and Req2.1.2.2)
Link budget parameters for 60GHz frequency band
	Parameters
	Units
	Value
	Notes

	Max Tx Power
	dBm
	10
	

	Noise Figure
	dB
	10
	Req2.1.2.1

	Max Tx antenna gain
	dBi
	14
	

	Max Rx antenna gain
	dBi
	14
	

	Min Pathloss
	dB
	98
	10 meters LOS + 10 dB additional pathloss for NLOS


Link budget parameters for 45GHz freuqney band
	Parameters
	Units
	Value
	Notes

	Max Tx Power
	dBm
	10
	

	Noise Figure
	dB
	10
	Req2.1.2.2

	Max Tx antenna gain
	dBi
	14
	

	Max Rx antenna gain
	dBi
	14
	

	Min Pathloss
	dB
	95.5
	10 meters LOS + 10 dB additional pathloss for NLOS


3 PHY Performance
The criterion for comparison of PHY characteristics are PER vs. SNR curves for different operation modes and different modulation and coding schemes of the system.
3.1 PHY Channel Impulse Response 
In order to calculate PER vs. SNR curves, decoupling of the channel impulse response and path loss characteristics of the general channel model is required as follows:
a. channel impulse response (CIR) is to be normalized on an instantaneous basis (packet-by-packet). Instantaneous normalization of the CIRs is performed after application of beamforming
b. standardized antennas
· Isotropic radiator (as defined in [6] [7])

· Basic steerable antenna model with a directional antenna pattern defined as a Gaussian function with 300 mainlobe beamwidth and -20 dB backlobe, refer to [6][7]
· To steer directional antennas, algorithm adjusting TX and RX antenna patterns towards the most power channel ray is suggested as the standard beamforming algorithm. (The description of the algorithm is provided in [6][7]).
c. Antenna TX/RX combinations

i. Omni TX to omni RX 
ii. Omni TX to directional RX 

iii. Directional TX to directional RX
3.2 Hardware impairments
1. phase noise: 
a. model
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b. parameters

· PSD(0) =  -90 dBc/Hz

· Pole frequency fp = 1 MHz

· Zero frequency fz =  100 MHz

· Corresponding PSD(infinity) = -130 dBc/Hz
c. impairment is modeled at both transmitter and receiver
2. PA non-linearity model: 
a. Rapp AM-AM
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b. Modified Rapp AM-PM
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c. CMOS PA model parameters

· AM-AM
·  g = 4.65

·  Asat = 0.58
·  s = 0.81

· AM-PM
·   = 2560

·   = 0.114

·  q1 = 2.4

·  q2 = 2.3

d. Calculate backoff as the output power backoff from full saturation:  

· PA Backoff = ­10 log10(Average TX Power/Psat)
· Disclose: (a) EIRP and how it was calculated, (b) PA Backoff
· Note: a PA Backoff equal to 8 dB for OFDM and 0.5 dB for single carrier is recommended.
3. carrier frequency offset and symbol clock:
a. fixed carrier frequency offset of  –13.675 ppm at the receiver, relative to the transmitter
b. The symbol clock shall have the same relative offset as the carrier frequency offset
4. Transmitter and receiver I/Q imbalance: 

a. Imbalance model
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b. distortion coefficients
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3.3 Comparison Criteria

1. PER vs. SNR curves 

a. all MCS’s

b. channel impulse responses
i. AWGN
ii. home living room

iii. office conference room
iv. enterprise cubicle
c. antenna combinations for each channel model:
i. Omni TX to omni RX; LOS
ii. Omni TX to directional RX; NLOS
iii. Directional TX to directional RX; NLOS
d. simulations must include:
i. the following hardware impairments:
· PA non-linearity 
· phase noise
· carrier frequency offset and symbol clock
ii. timing acquisition on a per-packet basis
iii. preamble detection on a per-packet basis
e. simulations may include:
i. the following hardware impairments
· I/Q imbalance
4 System Evaluation

4.1 Traffic Models

1. Uncompressed video 

a. Parameters

i. Constant Bit Rate (CBR)

ii. 3 Gbps (1080p, (RGB): 1920x1080 pixels, 24bits/pixels, 60frames/s)

b. Requirements given in [functional requirements Section 2.1.3]

2. lightly compressed video 

a. Requirements

i. PLR: 1e-8

ii. Delay: 10 ms

b. Parameters

i. Slice inter-arrival time (IAT) = 1/4080 seconds

ii. µ = 15.798 Kbytes

iii. σ = 1.350 Kbytes

iv. b = 515 Mbps

c. Algorithm for each video source – Input: target bit rate in Mbps (p); Output: slice size in Kbytes (L)
i. At each IAT, generate a slice size L with the following distribution: Normal(µ*(p/b), σ*(p/b))

1. If L > 92.160 Kbytes, set L = 92.160 Kbytes
3. Local file transfer

a. protocol: TCP (Reno)
b. offered load: infinite

c. MSDU sizes: 64 bytes for TCP connection establishment (3-way handshake) and 1500 bytes for payload data. 

d. Algorithm: at the start of simulation, generate a TCP connection establishment with the following TCP parameter configuration (as appropriate for the simulation platform): 
	TCP Model Parameters

	MSS
	Ethernet (1500)

	Receive Buffer (bytes)
	65535

	Receive Buffer Adjustment
	None

	Delayed ACK Mechanism
	Segment/Clock based

	Maximum ACK Delay (sec)
	0.05

	Slow-Start Initial Count (MSS)
	1

	Fast Retransmit
	Enabled

	Duplicate ACK Threshold
	3

	Fast Recovery
	Reno

	Window Scaling
	Enabled

	Selective ACK (SACK)
	Disabled

	ECN Capability
	Disabled

	Segment Send Threshold
	Byte Boundary

	Active Connection Threshold
	Unlimited

	Karn's Algorithm
	Enabled

	Nagle Algorithm
	Disabled

	Initial Sequence Number
	Auto Complete

	Initial RTO (sec) 
	3.0 

	Min  RTO (sec)
	1.0 

	Max RTO (sec)
	64.0 

	RTT Gain
	0.125

	Deviation gain
	0.25

	RTT Deviation Coefficient
	4.0 

	Timer Granularity
	0.5 


4. Web browsing 

a. Protocol: HTTP (version 1.0 or above)
b. MSDU sizes: 350 bytes for HTTP requests and 1500 bytes for payload data
c. Algorithm: After each reading time the new requests for pages are generated by the user (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 user quits the session which is indicated by the last packet of the session. This is shown in Figure 1.
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Figure 1: HTTP traffic pattern
	Component
	Distribution
	Parameters
	PDF

	Main 

object 

size (SM)
	Truncated Lognormal
	Mean = 10710 bytes

SD = 25032 bytes

Min = 100 bytes

Max = 2 Mbytes  (before truncation)
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if x>max or x<min, discard and generate a new value for x

	Embedded object size (SE)
	Truncated Lognormal
	Mean = 7758 bytes

SD = 126168 bytes

Min = 50 bytes

Max = 2 Mbytes   (before truncation)
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f x>max or x<min, discard and generate a new value for x

	Number of embedded objects per page (Nd)
	Truncated Pareto
	Mean = 5.64

Max. = 53                 (before truncation)
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Subtract k from the generated random value to obtain Nd

if x>max, discard and regenerate a new value for x

	Reading time (Dpc)
	Exponential
	Mean = 30 sec

	
[image: image13.wmf],0

x

x

f

e

x

l

l

-

=³


( = 0.033

	Parsing time (Tp)
	Exponential
	Mean = 0.13 sec
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5. Hard disk file transfer

a. Transaction Model

i. A transaction consists of a READ request from host to drive for a specific block of data

ii. Followed by the data transfer from drive to host 

[image: image16]
b. Algorithm

i. Compute sequence of inter-arrival times
ii. Compute corresponding sequence of transaction data sizes
c. Parameters

i. READ request is a short (256B) packet sent from host to drive
ii. fixed 1ms delay between receipt of READ request and data offered
iii. Compute sequence of inter-arrival times of transaction requests with following discrete random variable distribution
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iv. Compute corresponding sequence of transaction data sizes with following discrete random variable distribution
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4.2 PHY Model

PHY abstraction and path loss models should be used for system level simulations. 

PER vs. SNR curves obtained for PHY performance evaluation as described in Section ‎3.1 may be used for the PHY abstraction. Alternatively, a different PHY abstraction mechanism could be used, a description for which should be provided.

Path loss models developed in [6, Section 7 or 7, Section x] should be used for system evaluation.

As explained in Section ‎3.1, a PHY model (PER vs SNR curves and path loss models) may be derived if parameters of the antenna and beamforming algorithm are fixed. Section ‎3.1 defines the standard set of antenna and beamforming parameters.  However, TGaj proposals may also include system evaluation results based on their proposed antenna and beamforming algorithm.
4.3 Simulation Scenarios

4.3.1 Home living room
An example of a home living room floor plan is show in Figure 2.


[image: image19.emf]7

 

m

7 m

TV

STB

1.5 m 1.5 m

Rectangular (4mx7m) sector of 

possible STB positions

X

Y

(x=7m,y=3.5m,z=1.5m)

W

a

l

l

 

#

1

Wall #2

W

a

l

l

 

#

3

Wall #4

Wall height is 3m

(x,y,z=1.5m)


Figure 2: Example of home living room floor plan

Set top box transmitting uncompressed video, and TV receiving uncompressed video
1. configuration as show in Figure 2, with 3 meter separation between STB and TV (Note: PHY channel model was developed with STB in the rectangular sector as show in Figure 2)
2. traffic type

a. Uncompressed video

3. PHY channel impulse and pathloss model

a. Home living room

b. NLOS
4.3.2 Office conference room
The office conference room floor plan is shown in Figure 3.
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Figure 3: Office conference room floor plan

Mix of uses:  Laptop transmitting lightly compressed video to projector.  Multiple laptops connected to an AP that in the default scenario has a mmWave radio; and in the optional scenario does not have a mmWave radio.  Laptop connected to device performing sync-and-go file transfer.  Laptops connected to other laptops performing local file transfer.  Links between devices are logical, e.g. STA 3 and STA 5 are performing local file transfer between each other but the physical link could be direct or through the AP.
Note: In the optional scenario where the AP does not have a mmWave radio, then all client-to-AP communication is assumed to occur using other bands such as the 2.4 or 5 GHz band.
1. configuration
a. Room dimensions (length, width, height) in meters is 3.0 x 4.5 x 3
b. Devices (coordinates of devices are calculated using coordinate axes shown in Figure 3)
i. AP (may or may not have a mmWave radio): location (x = 1.50 m, y = 0.50 m, z = 2.90 m – in ceiling)
ii. STA 1:

1. Projector
2. location: ( x = 1.75 m,  y =2.30 m, z fixed at 1 m)
3. Traffic type: receiving lightly compressed video from STA 2 (LOS link)
iii. STA 2:

1. Mobile Device
2. location:  (x = 1.90 m, y = 1.50 m,  z fixed at 1m)
3. Traffic type:  
a. transmitting lightly compressed video to STA 1 (LOS link) with target bit rate (p) equal to 600 Mbps  

b. Local file transfer from AP

4. Antenna capability: >=60 degree HPBW pointed towards STA 1

iv. STA 3:

1. Laptop
2. location:  (x = 1.35 m, y = 3.00 m, z fixed at 1m)

3. Traffic type:
a. Local file transfer to/from STA 5  (NLOS link)
b. web browsing

v. STA 4:

1. Laptop
2. location:  (x = 1.30 m, y = 2.40 m, z fixed at 1m)

3. Traffic type:

a. Local file transfer to AP

b. web browsing

vi. STA 5:

1. Laptop
2. location:  (x = 1.25 m,y = 1.40 m, z fixed at 1m)

3. Traffic type:

a. Local file transfer to/from STA 3 (NLOS link)
b. web browsing (if AP has a mmWave radio) or file transfer to STA 7 (if the AP does not have a mmWave radio)
vii. STA 6:

1. Laptop
2. location:  (x = 1.55 m, y = 1.20 m, z fixed at 1m)

3. Traffic type:  web browsing

viii. STA 7:

1. mobile device
2. location: (x = 1.85 ,y = 3.10, z fixed at 1m)

3. Traffic type:  local file transfer to STA 8 (LOS link)
4. Antenna capability: >= 60 degree HPBW pointed towards STA 8

ix. STA 8:

1. mobile device

2. location: (x = 1.60, y = 3.25, , z fixed at 1m)
3. Traffic type: Local file transfer from STA 7 (LOS link)
4. Antenna capability: >= 60 degree HPBW pointed towards STA 7
2. PHY channel impulse and pathloss model

a. office conference room

b.  All links to the AP are LOS links that may be blocked by people. Model of the human blockage is in [6]. Type of links (LOS or NLOS) between two STAs is specified above.
i. The following non-communicating pairs have NLOS channels: STA2 ( STA7, STA2 ( STA8, STA6 ( STA7, STA1( STA8. All other pairs have LOS channels, except due to human blockage.

c. Interference modeling

i. Generate a set of channel realizations with inter-cluster parameters for all the links defined in the scenario with ray-tracing.  Store the generated channel realizations as a channel realization table in the simulator.

ii. Total number of the channel realizations to be generated before simulations: 
2 STAs out of 9 STAs =
[image: image21.wmf]36

2

9

=

÷

÷

ø

ö

ç

ç

è

æ

channel realizations

iii. Signal power calculation procedure over the n-th link for a MAC simulator:

1. A packet received over the n-th link (link-n)

2. Read the link-n’s channel realization from the channel realization table

3. Block part of clusters and apply human blockage if necessary

4. Generate intra-cluster

5. Apply antenna model and beamforming

6. Calculate received signal power
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Figure 4: Signal power calculation procedure over the n-th link 

4.3.3 Enterprise cubicle
The enterprise cubicle floor plan is shown in Figure 5.


[image: image23.emf]1.0 m

1

.

0

 

m

1

.

0

 

m

25 meter

2

5

 

m

e

t

e

r

2

.

5

 

m

1.8 m

x

y

0

0

AP in 

ceiling

STA1

STA2

STA3

Cubicle 1

Cubicle 2

Cubicle 3

Cubicle 4

Cubicle 5

Cubicle 6

Cubicle 7

Cubicle 8

Reference 

point


Figure 5: Enterprise cubicle floor plan
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Figure 6: Locations of the STAs within a cube
Mix of uses:  Laptop transmitting lightly compressed video to monitor.  Laptop connected to AP.  Laptop connected to hard drive.

1. configuration
a. cubicle layout
i. single cubicle (length, width) in meters: 2.5m x 1.8 m
ii. 8 cubicles in 4 rows, 2 columns
iii. ceiling height 3m
iv. Populate three cubes at Cubicle 1, Cubicle 2, and Cubicle 5 in the fixed locations as shown in Figure 5 using same frequency channel
b. Floor dimension: 25m x 25m
c. AP: AP located in the ceiling in the middle of the group of cubicles as indicated in Figure 5, at a height of 2.9m)
d. Devices in each of the populated cubes
i. STA 1:
1. monitor
2. location: (x=0.5 m,y=0.5 m) from the reference point of each cube shown in Figure 6, z fixed at 1m
3. Traffic type: receiving lightly compressed video from STA 2
ii. STA 2:
1. Laptop
2. location: (x=1 m,y=0.25 m) from the reference point of each cube shown in Figure 6, z fixed at 1m
3. Traffic type: 
a. transmitting lightly compressed video to STA 1 with target bit rate (p) equal to 600 Mbps
b. Local file transfer to/from AP
c. Local file transfer to/from STA 3
d. web browsing to/from AP
iii. STA 3:
1. hard drive
2. location: (x=0.25m,y=1m)from the reference point of each cube shown in Figure 6, z fixed at 1m
3. Traffic type: Hard disk file transfer to/from STA 2
2. PHY channel and pathloss model

a. Enterprise cubicle

b. TBD mix of LOS and NLOS in cubicle, NLOS between cubicles, TBD mix of LOS/NLOS to AP
c. Interference modeling

i. Use the same procedure as described in Figure 4.

ii. Total number of the channel realizations to be generated before simulations: 
2 STAs out of 9 STAs + 3 links between the laptops to the AP =
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4.4 Comparison Criteria

1. goodput (aggregate and per flow)
a. average

2. delay (per flow)
a. average

3. # of packets that exceed delay requirement

4. packet loss rate (per flow)
5. Provide description of PHY abstraction & antenna model
6. Provide description of scheduling algorithm
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