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Finding

Satellite, Frame Relay, and ISDN were comparing for the application of interactive distance learning.

A land based ISDN network has a lower cost per site-hour than a satellite network when fewer that 57 sites are participating in sessions that total 8 hours per site-month. The relationship between sites and hours is such that even at 160 hours per month, ISDN is still less expensive when less than 91 sites need training This finding is based on the cost model developed in this paper and reasonable assumptions regarding the hardware and network costs associated with these two telecommunication options.  The reader is encouraged to use the attached spreadsheet with his own values for hardware and network costs to refine this finding. 

It was originally thought that frame relay would be a potential candidate for this project, but further investigation showed frame relay is not suited to this application at present.  

The paper will explain the finding and will also explain how the conclusion regarding Frame Relay was reached.

Purpose of this paper

Dr. Beddow is evaluating ways to set up a “Learning Network” to provide training and collaborative meeting services to the long term care industry.  His immediate objective is to deliver training to the Evangelical Lutheran Good Samaritan Society, which has over 200 facilities in 25 states.  This paper compares the two best candidates for his purposes, as well as explains why Frame Rely is not, at present, a viable option.  

The paper has the following sections:

Current telecommunications environment

Satellite communications network 

ISDN communications network

Frame Relay

Cost model description

Example of the comparison process

The paper emphasizes the hourly cost per site of the telecommunications network.

Current telecommunications environment

The last few years have seen a rapid expansion in the availability of digital switching and access lines within the USA.  In addition, a new type of video compression (MPEG 1 and MPEG 2) has allowed satellite communication systems to more efficient - which reduces the cost of using satellite transmission.  Driven by a number of factors, local telephone companies are now much more able to provide ISDN and Frame Relay services.  As an example of this, this year both AT&T and USSprint were able to provide a quote for frame relay services to all GSS facilities.  In another project, rural telephone companies in North Dakota were willing and able to install ISDN in remote towns in support of a telemedicine project.  

This is also the first year that the FCC's rural telecommunications reimbursement program is functioning.  This program will subsidize part of the telecommunications costs of healthcare entities in rural America.  Because services like ISDN or SW56 require newer equipment, rural companies usually charge higher rates than their urban counterparts for these services.  The program is designed to reimburse the rural phone companies for the difference between what they charge and what the charge would be if the service was provided in an urban area.  They, in turn, past this saving on to the healthcare entity by reducing the entity's bill.

1998 is also the first year that Iridium, the first of a new generation of Low Earth Orbit System, will begin operations. 

Satellite communications network  Please refer to this figure for this discussion.
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Description

Satellite systems are a proven networking technique for distance learning.  In this picture we see the essential elements of the system.  The content is broadcast from the Studio by encoding and RF equipment to a satellite that then broadcasts it to the ‘learning site’.  The signal is decoded into NTSC format and sent to a regular TV. 

To provide limited interaction, a bridged conference call can be arranged so all parties can call back to the studio with questions and comments. 
Limitations

The most important limitation of a satellite system is the lack of ‘video interaction’: audience members at the learning sites cannot be seen by other.  Material they wish to show must be sent to the production studio where it is broadcast to the entire group of sites.  Another limitation is security: the signal can be recovered and viewed by anymore with the right type of decoder equipment.  Thus sensitive or valuable material can be copied at unauthorized locations.  As an aside, the US broadcast and CATV industry loses billions of dollars each year to unauthorized viewing of CATV and satellite signals.

Strengths

Satellite systems are cost effective means to distribute uniform content to a geographically distributed set of locations.  The down-link site equipment is simple to use and relatively inexpensive.

ISDN communications network Please refer to this figure for this discussion
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Number of sites

1- 300

54

  number

Hours of training, per site-month

1- 160

8

  hours

Operating costs

Monthly Cost of 1 BRI ISDN at the sites

40

  dollars

Monthly Cost of 1 384kbps FR access line (local loop plus port charge)

1300

  dollars

Monthly cost of 1 1.532Mbps FR access line (local loop plus port charge)

1500

  dollars

Cost of 1 hour of SatCom transponder time

2000

  dollars

Cost of 1 site-hour of teleconference bridging time ($.57/site-minute pre AT&T)

34.2

  dollars

Cost of 1 port-hour of video-conference bridging time

30

  dollars

Cost of 1 hour of 'long distance connection time' for ISDN BRIs (per B channel)

4.2

  dollars

Cost of 1MB of 'frame relay packet charges' for frame relay

0.05

  dollars

Equipment lifetime (for hourly dep charge for hardware and installation , SL)

5

   years

One Time Charges

Network costs

Qty needed

Unit cost

Total cost

Installation of BRI lines

3

150

450

  dollars

Installaton of Frame relay lines and ports

   At 384kbps

1

1009

1009

  dollars

   At 1.544Mbps

13.5

1009

*Speculative

13621.5

  dollars

Setup fee for multi-point video conferencing service

50

50

  dollars

Hardware costs

Qty needed

Unit cost

Total cost

Frame relay network

   At the video production site

      Frame Relay Switch

13.5

35000

*Speculative

472500

      T1 NTCE

13.5

800

*Speculative

10800

      H323 capable PC

1

6500

6500

  At the learning site

      FRAD

1

1800

1800

      T1 NTCE

1

800

800

      H323 capable PC

1

8000

8000

BRI  Network

   At the video production site

      NT1

3

350

1050

      H320 capable PC

1

8000

8000

  At the learning site

      NT1

3

350

1050

      H320 capable PC

1

8000

8000

SatCom network

   At the video production site

   Uplink equipment

1

25000

25000

   Satellite dish

1

25000

25000

  At the learning site

   Satellite Dish

1

500

500

   Decoder

1

500

500

AVERAGE COST PER SITE-HOUR

   Satellite network

$71.28

   Frame Relay network

*Speculative

$218.49

   BRI ISDN network

$70.76

Work sheet to compare BRI, FR, and Satellite communications options


Description

ISDN systems represent a newer approach to distance learning.  It has only been in the last five years that the cost of the video-conferencing equipment has made this option widely affordable.  Also, ISDN service availability has dramatically spread within this same time.  In this picture we see the essential elements of the system.  Locations participating in the multi-location meeting are connected together by a multi-point conference unit (MCU) inside the public telephone network.  The content is converted into the applicable standard by PC - in this case the ITW H320 compressed video conference standard - and sent into the ISDN network..  The signal is received by all the participating sites, decoded into NTSC format and sent to a regular TV.  Alternatively, the PC’s monitor can be used to view the material.

Limitations

The most important limitation of an ISDN system is ISDN service availability.  While ISDN availability is growing quickly, there are areas where this service is not yet available locally.  In these areas, phone companies can use a technique called ‘back-hauling’ to carry the ISDN signal to a location where ISDN is available.  Only a site-by-site inquiry can determine if ISDN is locally available.  A second limitation is video signal quality.  Current technology places a minimum bandwidth requirement of 384kbps for generally acceptable video-conference quality.  While this may be changing within the next two years as computers become faster and the compression algorithms improve, for now 384kbps should be considered the minimum for this application.  Finally, the novelty of the system means that more training of participants will be needed to take advantage of the system’s capabilities.

Strengths

ISDN systems are cost effective means to conduct secure multi-point meetings or training.  They offer true interaction for all audience members at all locations.  Any site can originate a signal; thus any site can be the broadcast location.  This enables any employee to be a presenter.  The equipment also allows documents and images to be shared across the network.  The system is secure because it is ‘by invitation only’: unauthorized locations are not able to ‘listen in’ on the signal.  Finally, this system would allow any location to place video calls to another H320 equipped unit anywhere in the world on a dial-up basis - the same way you use your phone today.

Frame Relay Please refer to this figure for this discussion
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Description

Frame Relay systems are the newest approach to distance learning.  It was only this year the the required ITU standard to support this - H323 - was ratified .  Frame Relay is a data transport service provided by all the long distance companies and the larger local phone companies like USWest.  In this picture we see the essential elements of the system.  All locations are a permanent part of the Frame Relay network.  The production studio’s signal is converted into the H323 format by the PC.  That signal is received by the frame relay Switch which makes a separate copy of the signal for each receiving site.  Each site’s signal is then sent into the public frame relay network.  At the distance end, the PC receives the H323 signal and decodes it into NTSC format and displays it on the TV.

Limitations

The most important limitation of Frame Relay is that no public Frame Relay Service offers frame broadcast as a service.  This means that the frame broadcast service must be provided by the frame relay switch owned by GSS. Combined with the need for 384kbps bandwidth to each learning site, the equipment and network access costs make frame relay infeasible for this application at this time.  A second limitation is that the network would have to be carefully designed to ensure acceptable quality voice and video are delivered to the learning sites.  Unlike ISDN, Frame Relay service does not reserve bandwidth on and end-to-end basis.  Thus the possibility exists that the voice and video signals will be interfered with by other traffic on the network.  Finally, Frame Relay service is not a ‘dial-up’ service: the learning sites would be constrained to communication only with sites on the network.

Strengths

If Frame Relay were feasible, it would be attractive because this is the technology best suited to provide a wide area network for the data-only applications (like payroll, human resources, etc.) GSS is deploying to their sites.  The system is secure because it is ‘by invitation only’: unauthorized locations are not able to ‘listen in’ on the signal.

Cost model Description

The cost model is built as a Excel 97 workbook.  Values for all variables may be changed and the formula will automatically calculate the per site-hour cost of the satellite and ISDN network.  The Frame Relay part of the spreadsheet was left in but should not be used for the reasons stated above.  

The assumption was made that both network would have similar administrative costs.  Therefore explicit line items for administrative costs (scheduling meeting times, setting up the bridging appointment for the ISDN network, scheduling employee time at the living sites, reserving the transponder time, etc.) are not included.  The model is not 'locked' so you can modify it as necessary to include these items.

The model accounts for the effect of equipment purchase cost and network installation costs on the per site-hour cost using the following formula:

Cost per site-hour =

[(Total hourly network cost)  + (Total hourly depreciation expense)] 

(
[(Total number of sites) x (Hours of training each month for each site)]

Equipment cost is amortized using straight-line depreciation. The description of Total hourly network cost and Total hourly depreciation expense are different for the ISDN, Satellite, and Frame Relay networks is given in detail in the next section.  Please refer to the spreadsheet on the next page in the discussion that follows the spreadsheet.

The model assumes that the fixed month costs for either the ISDN or Frame Relay access lines or ports should be borne completely by the distance learning application.  This assumption is conservative because these network services are both flexible and can also be used for other purposes when not in use for distance learning.  Applications like Internet access and data communication are possible for both services and in addition to those, voice communication to anyone with a telephone is possible with ISDN.

In summary, the model captures the following cost elements:

1.  Depreciation expense of the equipment and network installation costs when these items are used for distance learning.

2.  Direct hourly network usage costs for distance learning.

3.  Fixed monthly costs of the land based network services.

The model does not capture:

1. System administrative costs.

2. Learning site administrative costs.

3. Equipment installation of maintenance costs. 

[image: image4.wmf]Valid range

Number of sites

1- 300

54

  number

Hours of training, per site-month

1- 160

8

  hours

Operating costs

Monthly Cost of 1 BRI ISDN at the sites

40

  dollars

Monthly Cost of 1 384kbps FR access line (local loop plus port charge)

1300

  dollars

Monthly cost of 1 1.532Mbps FR access line (local loop plus port charge)

1500

  dollars

Cost of 1 hour of SatCom transponder time

2000

  dollars

Cost of 1 site-hour of teleconference bridging time ($.57/site-minute pre AT&T)

34.2

  dollars

Cost of 1 port-hour of video-conference bridging time

30

  dollars

Cost of 1 hour of 'long distance connection time' for ISDN BRIs (per B channel)

4.2

  dollars

Cost of 1MB of 'frame relay packet charges' for frame relay

0.05

  dollars

Equipment lifetime (for hourly dep charge for hardware and installation , SL)

5

   years

One Time Charges

Network costs

Qty needed

Unit cost

Total cost

Installation of BRI lines

3

150

450

  dollars

Installaton of Frame relay lines and ports

   At 384kbps

1

1009

1009

  dollars

   At 1.544Mbps

13.5

1009

*Speculative

13621.5

  dollars

Setup fee for multi-point video conferencing service

50

50

  dollars

Hardware costs

Qty needed

Unit cost

Total cost

Frame relay network

   At the video production site

      Frame Relay Switch

13.5

35000

*Speculative

472500

      T1 NTCE

13.5

800

*Speculative

10800

      H323 capable PC

1

6500

6500

  At the learning site

      FRAD

1

1800

1800

      T1 NTCE

1

800

800

      H323 capable PC

1

8000

8000

BRI  Network

   At the video production site

      NT1

3

350

1050

      H320 capable PC

1

8000

8000

  At the learning site

      NT1

3

350

1050

      H320 capable PC

1

8000

8000

SatCom network

   At the video production site

   Uplink equipment

1

25000

25000

   Satellite dish

1

25000

25000

  At the learning site

   Satellite Dish

1

500

500

   Decoder

1

500

500

AVERAGE COST PER SITE-HOUR

   Satellite network

$71.28

   Frame Relay network

*Speculative

$218.49

   BRI ISDN network

$70.76

Work sheet to compare BRI, FR, and Satellite communications options


Calculation of Total hourly network cost and Total hourly depreciation expense
Satellite system:

Total hourly network cost is just the cost of renting the satellite transponder time. Specifically, this is:

[(Hours of training each month) x (Cost of 1 hour of SatCom transponder time)]

Total hourly depreciation expense is the total cost of the hardware and installation costs of the network divided by the total number of hours the hardware is used for this application.  Specifically, this is:

{(Hours of training each month)

x

[(Number of sites) x ((Hardware cost at each learning site) +(Hardware cost at video production site)]}

(
[(8760 hours in a year) x (Depreciation lifetime)]

ISDN system:

Total hourly network cost is the composed of the monthly cost of the ISDN lines, plus the usage cost of the calls, plus the cost of renting the multi-point video conference service form a company like AT&T, MCI, Sprint, or VyVex.  Specifically, this is:

{[(Number of sites plus the video production site) x (Hours of training each month)] 

x

[(Number of ISDN lines used per site) x (2)]

x

(Cost per hour of the call)}

+

{[(Number of sites plus the video production site) x (Hours of training each month)] 

x

[(Number of ISDN lines used at each site) x (Cost per month for an ISDN line)]}

+

{[(Number of sites plus the video production site) x (Hours of training each month)] 

x 

(Cost per site-hour for the video conference bridge service)}

Total hourly depreciation expense is the total cost of the hardware and installation costs of the network divided by the total number of hours the hardware is used for this application.  Specifically, this is:

{(Hours of training each month)

x

[(Number of sites) 

x

 [(Hardware cost at each learning site) + (Cost to install ISDN lines at each site) 

x 

(Number of ISDN lines at each site)]

 +

(Hardware cost at video production site) +  (Cost to install ISDN lines at Video production site)]}

(
[(8760 hours in a year) x (Depreciation lifetime)]

Frame Relay system:

Note: This is included for completeness only.  As described above frame relay is not a viable candidate for this application.

Total hourly network cost is the composed of the monthly cost of the Frame relay access lines and ports, plus the packet charges associated with carrying the data across the network.  Specifically, this is:

[(Number of sites) x (Hours of training each month) 

x

(172.8MB Data per hour of training) x (Cost per MB of data transport)]

+

[(Number of sites) x (Cost per month for 384kbps Frame Relay access line/port) 

+

[(Number of Frame Relay lines/ports needed at the video production site)

 x

(Cost per month for the T1 Frame Relay access line/port)]

Total hourly depreciation expense is the total cost of the hardware and installation costs of the network divided by the total number of hours the hardware is used for this application.  Specifically, this is:

{(Hours of training each month)

x

[(Number of sites) 

x

 [(Hardware cost at each learning site) + (Cost to install Frame relay access lines and ports each site) 

x 

(Number of Frame Relay access lines at each site)]

 +

(Hardware cost at video production site) + (Cost to install Frame relay access lines and ports at the video production site)]}

(
[(8760 hours in a year) x (Depreciation lifetime in years)]
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COMPARISON SPREADSHEET

				Work sheet to compare BRI, FR, and Satellite communications options

														Valid range

				Number of sites										1- 300		54		number

				Hours of training, per site-month										1- 160		8		hours

				Operating costs

				Monthly Cost of 1 BRI ISDN at the sites												40		dollars

				Monthly Cost of 1 384kbps FR access line (local loop plus port charge)												1300		dollars

				Monthly cost of 1 1.532Mbps FR access line (local loop plus port charge)												1500		dollars

				Cost of 1 hour of SatCom transponder time												2000		dollars

				Cost of 1 site-hour of teleconference bridging time ($.57/site-minute pre AT&T)												34.2		dollars

				Cost of 1 port-hour of video-conference bridging time												30		dollars

				Cost of 1 hour of 'long distance connection time' for ISDN BRIs (per B channel)												4.2		dollars

				Cost of 1MB of 'frame relay packet charges' for frame relay												0.05		dollars

				Equipment lifetime (for hourly dep charge for hardware and installation , SL)												5		years

				One Time Charges

				Network costs						Qty needed		Unit cost				Total cost

				Installation of BRI lines						3		150				450		dollars

				Installaton of Frame relay lines and ports

				At 384kbps						1		1009				1009		dollars

				At 1.544Mbps						13.5		1009		*Speculative		13621.5		dollars

				Setup fee for multi-point video conferencing service								50				50		dollars

				Hardware costs						Qty needed		Unit cost				Total cost

				Frame relay network

				At the video production site

				Frame Relay Switch						13.5		35000		*Speculative		472500

				T1 NTCE						13.5		800		*Speculative		10800

				H323 capable PC						1		6500				6500

				At the learning site

				FRAD						1		1800				1800

				T1 NTCE						1		800				800

				H323 capable PC						1		8000				8000

				BRI  Network

				At the video production site

				NT1						3		350				1050

				H320 capable PC						1		8000				8000

				At the learning site

				NT1						3		350				1050

				H320 capable PC						1		8000				8000

				SatCom network

				At the video production site

				Uplink equipment						1		25000				25000

				Satellite dish						1		25000				25000

				At the learning site

				Satellite Dish						1		500				500

				Decoder						1		500				500

				AVERAGE COST PER SITE-HOUR

				Satellite network												$71.28

				Frame Relay network										*Speculative		$218.49

				BRI ISDN network												$70.76



Bill Halverson:
Discounts will apply if volume commitments are given

Bill Halverson:
The figure of $0.07/min was used

Bill Halverson:
AT&T  should discount this for volume commitment

Bill Halverson:
The IXC providers have a range of pricing options for this.  It is important to get written quotes from them to do detailed comparisons

Bill Halverson:
Based on Pacific Bell published rates

Bill Halverson:
Based on Pacific Bell published rates

Bill Halverson:
Based on Pacific Bell published rates

Bill Halverson:
ADTRAN LT-T1 or equivalent retail price

Bill Halverson:
Stratacom/Cisco are leading vendors of this equipment, as is Bay Networks.  Each device configured with 4 T1 WAN ports, 2 10bT ports, and frame relay software.  Cost for inter-device LAN not included.

Bill Halverson:
Price for High end Pentium equipped with VCON H323 capable video subsystem

Bill Halverson:
Cisco 1601 or equivalent

Bill Halverson:
ADTRAN LT-T1 or equivalent retail price

Bill Halverson:
Price for High end Pentium equipped with VCON H323 capable video subsystem

Bill Halverson:
I call this speculative because the use of frame relay for this application is illogical. Please see my report for details

Bill Halverson:
I call this speculative because the use of frame relay for this application is illogical. Please see my report for details

Bill Halverson:
I call this speculative because the use of frame relay for this application is illogical. Please see my report for details

Bill Halverson:
I call this speculative because the use of frame relay for this application is illogical. Please see my report for details

Bill Halverson:
Price for High end Pentium equipped with VCON H320 capable video subsystem

Bill Halverson:
Price for High end Pentium equipped with VCON H320 capable video subsystem

Bill Halverson:
Typical price for NT1.  Should be manufactrued by the same vendor that supllied the telo with the ISDN telo switch

Bill Halverson:
Typical price for NT1.  Should be manufactrued by the same vendor that supllied the telo with the ISDN telo switch

Bill Halverson:
Should check with Steve Gillespe

Bill Halverson:
Should check with Steve Gillespe

Bill Halverson:
Should check with Steve Gillespe

Bill Halverson:
Should check with Steve Gillespe

Bill Halverson:
Check with Steve Gillespe.  May vvbe able to get discount for advanced commitments

Bill Halverson:
Estimate based on indutry knowledge.  Need quote from IXCs to validate.  Pacific Bell prices not valid outside California.

Bill Halverson:
Based on industry knowledge.  Need quote from IXCs to validate.  Pacific Bell pricing considerably lower but not valid outside of California.

Bill Halverson:
Based on prices from typical Local phone companies



GROUP SUMMARY COST

		

				Number of  sites						60

				Hours of training, per site-month						8

										One Time		Monthly

				Frame Relay Solution

				Hardware Cost						$1,125,800.00

				Network Installation						$78,090.00

				Monthly Network Cost								$95,353.98

				ISDN BRI Solution

				Hardware Cost						$552,050.00

				Network Installation						$27,060.00

				Monthly Network Cost								$25,497.60

				Satellite Solution

				Hardware Cost						$110,000.00

				Network Installation						n/a

				Monthly Network Cost								$16,416.00





Sheet3

		






