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This section describes this document’s purpose, its context within the overall GENI project, the set of related documents, and this document’s revision history.

[bookmark: _Toc231627011]Executive Summary
This technical note presents the results obtained in work package “Milestone 3: Identify external measurement equipment” of Project Nr. 1653, “Data Plane Measurements”. The purpose of this milestone is to identify and document external measurements equipment (if any) and/or recommend where external measurement devices could benefit spiral-1.In Section 2 we document the possible external measurements equipments of GENI’s “Spiral 1 substrate catalog” [geni09_1], as well as on information from equipment vendors and the internet. 
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Anritsu MP1800A series: Signal Quality Analyzer

	
	Measurements
	Description of the measurement
	Equipments for Measurement Setup

	1.
	BER ( 10G BERT)
	Result display: Error/Alarm, Histogram and Logging

	MP 1800A SQA

	2.
	Eye Diagram

	Error analysis function
	MP 1800A SQA

	3.
	Bathtub/ Q Measurement

	Bathtub measurement for
separate TJ / DJ / RJ amount.
Q measurement to evaluate
waveform
	MP 1800A SQA

	4.
	ISI Analysis
	Easy to recognize what
bit sequence causes the error
	MP 1800A SQA

	5.
	40G BERTS
	Result display: Error/Alarm, Histogram and Logging

	MP 1800A 10Gbps PPG, 
MP 1800A 10Gbps ED,
MP 1803A 43.5Gbps MUX,
MP 1804A 43.5Gbps DEMUX,
MG 3695A (50 GHz) Synthesizer

	6.
	Center Wavelength and Spectral Width 
	The maximum spectral width is specified as the maximum full width of the center wavelength peak, measured –20 dB down from the maximum amplitude of the center wavelength.
	MP 1800A SQA(PPG)
MS9710C (Optical spectrum analyzer)

	7.
	Average Output Optical Power 
	Average power of the transmitter
	MP 1800A SQA(PPG)
MT9810B Optical power Meter

	8.
	Transmitter Eye Diagram 
	Transmitter pulse shape characteristics, including rise/fall times, pulse overshoot/undershoot, and ringing
	MP 1800A SQA(PPG)
MP1026A Eye Pattern Analyzer(Sampling Oscilloscope)

	9.
	Extinction Ratio and OMA 
	ER = 10 log10(A/B)
OMA = A – B
Where, A is the average optical power level for logical “1”and B is the average optical power level for logical “0”.

	MP 1800A SQA(PPG),
MP1026A Eye Pattern Analyzer(Sampling Oscilloscope)

	10.
	Minimum sensitivity
	Receiver sensitivity is defined as the minimum acceptable value of average received power at point R to achieve BER 1E–10
	MP 1800A SQA(PPG),
MT9810B Optical power Meter, Optical Attenuator

	11. 
	Jitter Measurement
	Measure Mask of Eye Diagram and time variation of the rising/falling edge of signal using Oscilloscope.

	MP 1800A 10Gbps PPG, 
MP 1800A 10Gbps ED,
MP 1803A 43.5Gbps MUX,
MP 1804A 43.5Gbps DEMUX,
MP 1797A Jitter Analyzer


Table 1: Measurement capabilities of Anritsu MP1800A series according to vendor’s webpages and data sheets

Remote Control: GPIB and Ethernet.

JDSU T-BERD / MTS-8000 with Plugin Modules

T-BERD/MTS-8000 Transport Module provides maintenance test solution addressing all fiber characterization, service verification, and troubleshooting needs from 1.5 M up to 40 G. 
It can be used to:
· Test very high speed networks.
· Test DWDM/CWDM systems.
· Test amplified links.
· Test metro, long haul, and very long haul fiber optic links.

Measurements available on JDSU T-BERD / MTS-8000 with plug-in modules:
· Full 40 G testing (OC768/ STM256)
· 1550 nm optics (per ITU-T and GR-253 standards)
· G.826 and G.828 performance measurements
· Bit error rate testing
· Measures bidirectional Insertion Loss, Optical Return Loss testing and Fiber Length.
· Polarization Mode Dispersion testing – PMD delay, PMD coefficient and second order values.
· Chromatic Dispersion testing – OTDR based method
· Chromatic Dispersion testing – Phase shift method
· Attenuation profile testing 
· DWDM maintenance testing
· Optical SNR
· Measures channel level, power and wavelength in the S, C, L bands.
· Optical power measurement (OPM)
· Frequency offset adjustment and measurement
· Optical spectrum analyzer(OSA) module
· Extensive error/alarm generation and analysis
· SONET/SDH overhead generation and analysis
· Pointer generation and analysis

Remote Control: Ethernet.
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Anritsu MS269xA (MS2690A/MS2691A/MS2692A) Signal Analyzer
Anritsu MS269xA along with Mobile WiMAX Measurement Software (MX269010A) provides additional measurement functions. The MX269010A Mobile WiMAX Measurement Software supports measurement of IEEE802.16e RF signal characteristics when installed in the MS269xA Signal Analyzer.
Measurement Functions
· Occupation Bandwidth
· Channel Power
· Adjacent Channel Leakage Power
· Spectrum Emission Mask
· Modulation Accuracy
· Frequency Difference
· Tx Power
· Spectral Flatness

	Measurement
	DL / UL Measurement
	               Measurement Description

	Modulation Display
	Downlink Measurement
	· The Subcarrier Spectrum Display displays the power distribution of each subcarrier at a specified symbol; the Time Domain Display displays the IQ level change over time per frame.
· The constellation of each symbol can be displayed. This is useful for finding symbol-dependent constellation faults.
· Measurement results such as frequency error, EVM, power, etc., are displayed.

	I/Q Received Display
	Downlink Measurement
	· I and Q data at specified symbols are displayed in three formats: Constellation; Table; and Subcarrier Domain.
· This can be used to check for I and Q data subcarrier dependence at specified symbols

	Map Information Display
	Downlink Measurement
	· The distribution (map) of the DL burst is displayed with logical subchannel on the vertical axis and symbol on the horizontal axis. The burst information and modulation accuracy are displayed for the specified burst.
· Various Preamble information, measurement results (Frequency Error and EVM), FCH information and measurement results (EVM), DL-MAP message information and DL-MAP burst (EVM) measurement results, DL-MAP data burst information and data burst measurement results (EVM) are displayed.

	EVM vs. Subcarrier Display
	Downlink Measurement
	· The EVM distribution of each subcarrier at the specified symbol is displayed. This can be used to find instantaneous subcarrier-dependent EVM degradation.

	EVM vs. Symbol Display
	Downlink Measurement
	· The EVM distribution for each symbol is displayed. This can be used to find instantaneous symbol-dependent EVM degradation.

	Spectral Flatness Display
	Downlink Measurement
	· The Absolute Flatness Display indicates the difference between the average power and power of each subcarrier; the Differential Flatness Display indicates the power difference between adjacent subcarriers.
· The difference in the average power between each of four subcarrier segments, and the maximum power difference, DC offset power, and average power between adjacent subcarriers in all sections are displayed.

	Modulation Display
	Uplink Measurement
	· The Subcarrier Spectrum Display displays the power distribution of each subcarrier at a specified symbol; the Time Domain Display displays the IQ level change over time per frame.
· Measurement results, such as frequency error, EVM, power, etc., are displayed.

	Flatness Display
	Uplink Measurement
	· The Absolute Flatness Display indicates the difference between the average power and power of each subcarrier; the Differential Flatness Display indicates the power difference between adjacent subcarriers.
· The difference in the average power between each of four subcarrier segments, and the maximum power difference, and DC offset power between adjacent subcarrier in all segments are displayed.


Table 2: Measurement capabilities of Anritsu MS269xA series according to vendor’s webpages and data sheets

Remote Control: GPIB and Ethernet.

JDSU G7104A Multimaster Base Station Tester

G7104A-Multimaster is a measurement solution for performing base station and repeater maintenance in any environment covering all CDMA standards. The multimaster has integrated spectrum analyzer, CSTS, power meter, signal generator, antenna tester, optical power meter and E1/T1 analyzer capabilities into one single solution.

Test and measure CDMA, WCDMA/HSPDA systems
· Spectrum Analyzer
· TX Analyzer
· Code domain analyzer
· Code domain power
· Frequency error
· Time error
· Waveform quality
· PN searcher
· EVM, PCDE
· Multi-FA channel power
· ACP(L)R
· Spurious emission
· Occupied BW
· Air Measurements
· Channel Analysis
· Signal Generator
· Power meter
· RF power meter
· Optical power meter
· Antenna/Cable Analyzer
· Cable loss
· Distance to fault
· VSWR
· E1/T1 Analyzer

Remote Control: Ethernet(10 Mbps)

JDSU GC7105A Base Station Analyzer
 
GC7105A is a Base Station Analyzer for installation and maintenance of modern wireless communication systems. It combines the functionality of spectrum analysis, cable and antenna analysis, power meter and modulation analysis.

	
	Measurements
	Measurement Description

	
In-channel Measurements
	Channel power
	Measure the total transmitted power of a radio within a defined frequency channel.

	
	Occupied Bandwidth
	Percentage of the transmitted power that consisted in a specified bandwidth.

	
	Modulation quality (rho)
	Correlated power to total power. Indicates the overall modulation performance level of CDMA transmitter

	
	Code-domain analysis
	Measures the fraction of total power transmitted in each Walsh channel.

	In-band/out-of-channel Measurements
	In-band spurious emissions
	Spurious emissions values relative to the channel output power

	
	Adjacent channel power ratio (ACPR)
	Ratio of adjacent-channel power to the average power level of the channel.

	Over the Air(OTA) Measurements
	PN Scanner
Multi-path Profile
Code Domain
Channel Power
Pilot Power
Waveform Quality
PN Offset
Frequency Offset
Time Offset
	


Table 3: Measurement capabilities of JDSU Base Station Analyzer according to vendor’s webpages and datasheets

Remote Control: Ethernet 

JDSU GC7106A RF Analyzer

Test and measure modern RF communication systems
· Spectrum Analyzer
· Channel Power
· Adjacent channel power
· Spectrum Emission Mask
· Occupied Bandwidth
· Interference  Analyzer
· Antenna/Cable Analyzer
· Power Meter

Remote Control: Ethernet 
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	Optical Measurements
	Wireless Measurements

	
	
	
MP1800A
	JDSU T-BERD 8000

	MS269xA

	JDSU G7104A

	JDSU GC7105A

	JDSU GC7106A


	Cluster A
	TIED
	
	
	
	
	
	

	Cluster B
	Mid Atlantic Network
	X
	X
	
	
	
	

	
	GpENI
	X
	X
	
	
	
	

	
	Enterprise GENI
	
	
	
	
	
	

	
	Planet Lab
	
	
	
	
	
	

	
	SPP Overlay
	
	
	
	
	
	

	Cluster C
	CMU Testbeds
	
	
	X
	X
	X
	X

	
	Proto-GENI
	
	
	
	
	
	

	
	Programmable Edge Node
	
	
	
	
	
	

	
	Measurement System
	
	
	
	
	
	

	Cluster D
	BEN
	X
	X
	
	
	
	

	
	DOME
	
	
	X
	X
	X
	X

	
	ViSE
	
	
	X
	X
	X
	X

	
	Kansei Sensor Networks
	
	
	X
	X
	X
	X

	Cluster E
	WiMAX
	
	
	X
	X
	X
	X

	
	Orbit 
	
	
	  X
	X
	X
	X


Table 4: External Test Equipments recommended for GENI Substrate Technologies

Table 4 shows an overview of external test equipments that are recommended to perform physical layer measurements for different GENI prototypes. 


	Test Equipment
	Remote access
	Interface details

	MP 1800A SQA
	GPIB
	RS 232C

	
	Ethernet
	RJ-45 LAN port to connect to PC with control software.

	JDSU T-BERD 8000
	Ethernet
	RJ-45 LAN port: Communication interface for remote control, ftp and web access.

	MS269xA
	GPIB
	RS 232C

	
	Ethernet
	RJ-45 LAN port to connect to PC with control software.

	JDSU G7104A
	Ethernet
	RJ-45 10Mbps LAN port to connect to PC with application software.

	JDSU GC7105A
	Ethernet
	RJ-45 10Mbps LAN port to connect to PC with application software

	JDSU GC7106A
	Ethernet
	RJ-45 10Mbps LAN port to connect to PC with application SW


Table 5: External Test Equipments recommended for GENI Substrate Technologies and their remote access capabilities.
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Cluster B and D
Mid Atlantic Network, BEN and GpENI
The external equipments Anritsu MP1800A and JDSU T-BERD 8000 can be deployed to provide physical layer 1 measurements. Physical layer measurements BER, optical power, chromatic dispersion and optical spectrum analysis can be done on DWDM optical layer at wavelength level.
Physical layer measurements are important for MAX, BEN and GpENI to provide:
· Better provisioning preemptive selection of the suitable channel based on physical impairments for routing and wavelength assignment (RWA).
· Optical performance monitoring mechanism.
· Cross-layer-enabled routing, novel transmission schemes and hybrid transmissions.

According to the International Telecommunications Union (ITU-T) recommendations, G.680: Physical transfer functions of Optical Network Elements (ONE), G.671: Transmission media characteristics – Characteristics of optical components and subsystems and G.709: Interfaces for the Optical Transport Network (OTN), the following measurement parameters are to be measured.

Network Element Parameters
· Channel frequency range (GHz): frequency range NE device is required to operate
· Channel insertion loss deviation (dB):  reduction in optical power between an input and output port of a NE device
· Ripple (dB):  peak-to-peak difference in insertion loss for a wavelength
· Channel chromatic dispersion (ps/nm):  multiple wavelengths travel at different speeds and arrive at different times affecting received optical signal.

Port-to-port Parameters
· Insertion loss (dB):  loss of signal power resulting from the insertion of a device in a transmission line or optical fiber.  
· Isolation, adjacent channel (dB): channel isolation from crosstalk with an adjacent channel on the same fiber
· Isolation, non-adjacent channel (dB): channel isolation from crosstalk with all other channels on the same fiber

Per Port Parameters
· Total input power range (dBm)
· Channel input power range (dBmn)
· Channel output power range (dBm)

Frequency-dependent Parameters
· Channel insertion loss deviation (dB)
· Channel chromatic dispersion (ps/nm)
Cluster C
CMU Lab
The standard physical layer measurements can be supported on Homenet testbed. The emulator testbed can also support such measurements. There are a number of measurements that can be collected using the wireless devices that participate in an experiment like signal level for incoming packets, signal quality, noise floor, etc.  Different cards offer different types of information.

Monitoring spectrum in a specific frequency band at a certain location provides most accurate way of capturing the interference and noise in the network. Mitigating the interference to maximize spatial reuse is very crucial.

 JDSU GC7106A RF Analyzer provides spectrum analyzer functionality that provides information regarding channel power, adjacent channel power, spectrum emission mask and occupied bandwidth. This will be helpful in capturing the interference and noise in the network.

Cluster E
ORBIT Testbed
ORBIT testbed has 802.11 radio nodes that are wifi enabled, which are capable of standard physical layer measurements like power level, modulation, frequency and time occupancy and receive power on per-cell basis.

Adaptive transmit power control in 802.11 Wireless LANs [4] (WLANs) on a per-link basis helps increase network capacity and improves battery life of Wifi enabled mobile devices. Adaptive transmit power control for WLANs can (1) introduce link asymmetry that leads to receiver-side interference and asymmetric channel access (2)  incorrectly lead to lowering the data rate of a link, thereby increasing the air-time on the channel (3) mobility-induced channel variations at short timescales

Adaptively adjusting transmit PHY parameters like frequency, power and time occupancy based on local observations of the radio band techniques are used for avoidance of reactive interference. External test equipments are useful in determining the PHY parameters 

In 802.11 wireless LANs, senders can use one of multiple transmission rates for sending packets. The choice of the rate is determined by an estimate of channel condition by Signal to Interference and Noise Ratio (SINR) estimate.

JDSU GC7106A RF Analyzer can be used to provide a more quantitative characterization of receiver side interference, signal quality and noise to study the effect on performance in realistic settings.

Device identity management and access control is important for network security in wireless network. RF finger printing is a process of classifying transmissions based on observed features of RF signal. RF features of signal can be classified as (1) channel specific features that characterize the properties of wireless channel environment. Channel specific features such as channel impulse response are used to identify the channel between transmitter and receiver. (2) Transmitter specific features that characterize the wireless transmitter. Radiometric identification [5] is used for identifying 802.11 wireless devices.  It establishes physical layer identity of a transmitter based on transmitter impairments that are manifested in the emitted RF signal that are NIC specific. PARADIS (Passive Radiometric Device Identification system) is a radiometric identification technique that uses five distinct feature from modulation domain, frequency error, magnitude error, phase error, I/Q offset and SYNC correlation of the wireless frame. 

Anritsu MS269xA can be used to measure the modulation domain parameters of the transmitter RF signal for device identity management through radiometric identification.

WiMax
PHY layer parameters will help in evaluating indoor and outdoor performance of the NEC IEEE 802.16e WiMax base station under different traffic loads and channel conditions. These results will help to determine practical limits on BS virtualization in terms of total network capacity, variations due to signal quality, etc. NEC WiMax base station has access to several PHY parameters – frequency, DL:UL ratio, channel duration and transmit output power.

Uplink and downlink physical layer parameters can be measured in order to evaluate bandwidth streaming performance over the WiMAX channel.

Anritsu MS269xA along with Mobile WiMAX Measurement Software (MX269010A supports measurement of IEEE802.16e RF signal characteristics. 
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The following are the control plane prototypes that are being developed for Spiral 1 prototypes, based on the following systems and software packages. They do not have any PHY layer measurement capabilities.

Cluster A

· TIED, a system that allows researchers to conduct experiments on a federated arrangement of hosts located in various sites.

Cluster B

· PlanetLab, a system that allows researchers to conduct experiments on hosts located at various sites.

Cluster C

· Programmable edge node, PEN provides programmable routers that will be an integral part of a ProtoGENI framework.

· Measurement system.
Measurement system provides layer 3 measurements.


Cluster E
· OMF
OMF (ORBIT Management Framework) is orbit testbed Control, Measurement and Management Framework.

Disclaimer: The summary of substrate technologies available in GENI’s substrate infrastructure given in this section does not raise the claim of completeness. GENI working group members are invited for further discussions. Any information about additionally, current or future, available at the substrate level should be sent to the authors (cf. contact information [1]) to be included in future revisions of this document.
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