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Summary

XM Radio urges the Commission to grant its request for temporary authority to operate

its repeaters as it begins commercial service. The beginning of commercial operation of the new

DARS service is an historic event; the public interest will be served by permitting XM Radio to

offer as high quality a service as possible, including the use of its repeaters.

The record evidence shows the likelihood of any interference from these repeaters is

extremely small. Using extreme worst-case analyses, no one has identified more than two or

three proposed repeaters that might cause interference to any existing facilities operating on

adjacent bands. In the unlikely event that those or other repeaters do cause interference, XM

Radio will modify its operations and otherwise work with the other licensee of the other facilities

to eliminate such interference, as required by the terms of the temporary authorization.

The grant of temporary authority meets the legal standard for such authorizations and

there is no need to attach special conditions.

Several of the parties raised issues that are more relevant to the pending rulemaking. XM

Radio urges the Commission to defer those issues to the rulemaking and to conclude the

rulemaking as soon as possible so that all parties can go forward with a fair and practical set of

rules.
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XM Radio Inc. ("XM Radio") hereby submits its reply comments in connection with its

above-referenced application for temporary authority to operate terrestrial repeaters, pending the

Commission's issuance of final rules for such repeaters. As discussed more fully below, the

response to the Commission's Public Notice of the XM Radio application demonstrates that

there is no significant likelihood that the repeaters' operation pursuant to the temporary authority

will cause interference to users of adjacent bands. Therefore, and in view of the importance of

the operation of the repeaters to the successful deployment of the new Satellite Digital Audio

Radio Service, XM Radio urges the Commission to grant the application. l

Background

When XM Radio begins offering commercial service in the next few weeks, it will be

opening a new chapter in the history of radio, bringing over a hundred channels of radio service

to listeners around the country. A key element of providing a high-quality audio service has

always been the operation of terrestrial repeaters in urban areas, to assure listeners that they will

Additional background information on XM Radio's repeaters is contained in the attached
letter from Lon Levin, XM Radio Inc., to Donald Abelson, Chief, International Bureau,
and Thomas Sugrue, Chief, Wireless Telecommunications Bureau (August 7,2001).



reliably receive the XM Radio signal even under conditions where reception of the satellite

signal is impaired. 2

XM Radio's progress to date represents its best efforts to begin service to the public as

soon as possible, consistent with its authorization from the Commission and associated

milestones.3 The requirement to launch one satellite by October 2001 effectively amounted to a

requirement that XM Radio begin commercial service close to that date, as XM Radio could not

simply spend hundreds of millions of dollars to launch one satellite and let its investment sit idle.

To begin commercial service providing the kind of high-quality audio that would attract

2

3

The first DARS applicant proposed the use of repeaters in its 1990 application.
Application of Satellite CD Radio, Inc., File No. SAT-LOA-19900518-00037 (May 18,
1990). The Commission proposed to permit the operation of repeaters at the time it
licensed the two SDARS system operators. American Mobile Radio Corporation, Order
and Authorization, DA 97-2210, ~ 49 (October 16, 1997) ("XM Radio Licensing Order");
Satellite CD Radio, Inc., Order and Authorization, DA 97-2191, ~ 52 (October 10, 1997)
("Sirius Radio Licensing Order"); see also Report and Order, Memorandum Opinion and
Order, and Further Notice of Proposed Rulemaking, Establishment of Rules and Policies
for the Digital Audio Radio Satellite Service in the 2310-2360 MHz Frequency Band, 12
FCC Rcd 5754, ~~ 138-142 (March 3, 1997) ("DARS Order and FNPRM').

The Commission has taken three rounds of comments specifically with respect to the
operation of repeaters. See DARS FNPRM, 12 FCC Rcd 5754 (comments due June
1997); Public Notice, Report No. SPB-112 (December 23, 1997) (comments due January
1998); Public Notice, IB Docket No. 95-91 (January 21,2000) (comments due February
2000). Throughout this eleven year process, the applicants and system operators have
proposed power levels in excess of2 kW EIRP and at least as high as 40 kW EIRP. See
Application of Satellite CD Radio, Inc., File No. SAT-LOA-19900518-00037 (May 18,
1990); Letter from William Garner, American Mobile Radio Corporation, to Rosalee
Chiara, FCC (filed Nov. 14, 1997); Letter from Robert D. Briskman, CD Radio, Inc. to
Rosalee Chiara, FCC (filed Nov. 14, 1997); Supplemental Comments ofXM Radio Inc.
(filed Dec. 17, 1999); Supplemental Comments of Sirius (filed Jan. 8,2000);
Consolidated Reply ofXM Radio Inc. (filed Mar. 8,2000); Supplemental Reply
Comments of Sirius (filed Mar. 8,2000).

XM Radio Licensing Order ~ 58; Sirius Radio Licensing Order ~ 62.
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customers, XM Radio needed to launch both satellites and deploy the urban repeater networks

that the Commission had recognized were important parts of a satellite DARS system.4

For over four years, the Commission has been considering the final rules which would

govern the deployment of the terrestrial repeaters. The Commission sought public comment on

the DARS licensees' repeater plans and the rules for repeater operations, in June 1997, January

1998, and February 2000. During those filing windows broadcasters expressed concern that the

operation of repeaters would permit DARS to be competitive with traditional radio broadcast

stations, particularly if the repeaters were used to originate local programming and advertising.

(XM Radio has consistently reasserted its intention that the repeaters will only simultaneously

rebroadcast the programming from its satellites.5
) Wireless cable system operators filed

comments concerned about potential interference to older receivers that were inadvertently

designed so as to be particularly vulnerable to interference from transmitters in the DARS band.

In January and April 2001, the DARS licensees proposed a rule designed to address these

concerns.6

During this four-year period, no party has ever submitted comments suggesting that

operation of repeaters at 2 kW EIRP or lower power might cause unacceptable interference to

other users. No timely-filed comments were submitted by any Wireless Communications

4

5

6

XM Radio also applied for and was issued a nationwide experimental license that permits
it to conduct technical tests of its repeaters in the field. File No. 0160-EX-ML-2000, Call
Sign WB2XCA.

XM Radio's STA request specifically contained a certification that XM Radio's
terrestrial repeaters would not originate programming. XM STA Request at 2.

See Letter from Carl Frank, Counsel for Sirius, to Ms. Magalie Roman Salas, IB Docket
No. 95-91 (January 25,2001); Letter from Carl Frank, Counsel for Sirius, to Magalie
Roman Salas, IE Docket No. 95-91 (April 23, 2001); Letter from Bruce Jacobs, Counsel
for XM Radio, to Magalie Roman Salas, IE Docket No. 95-91 (April 25, 2001).

3
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Service applicants or licensees complaining that DARS repeaters operating above 2 kW would

cause unacceptable blanketing interference to their receivers. The only timely filing by any

WCS applicant or licensee was Metricom, which first participated by submitting reply comments

in March 2000, asking that DARS repeater power be limited but not providing any technical

information or analysis to support its request.

Contrary to the claims of the commenters, XM Radio has always been candid and

consistent in its plans for repeaters. XM Radio has already eliminated the most problematic

interference problems, such as the potential for interference to the other DARS licensee, to flight

test facilities, and to co-channel operations in Canada and Mexico. 7

In response to the concerns of potential interference raised by Metricom and wireless

cable operators, XM Radio shared substantial information with these parties in an effort to

promote the kind of private coordination agreements that had been successful with Sirius,

AFTRCC, and the Canadian and Mexican governments. It was in that context, beginning no

earlier than December 2000, that the other WCS licensees now objecting to XM Radio's STA

request first began raising issues. 8 XM Radio has continued to cooperate with these parties, but

they have been unable to provide significant information about their equipment and system

designs, apparently because those designs remain under development. The information they

7

8

See Letter from Bruce D. Jacobs, Counsel for XM Radio, to Ronald Repasi, FCC, IB
Docket No. 95-91 (Sept. 11,2000) (providing coordination agreement between XM
Radio and AFTRCC); News Release, "United States and Canada Agree on Conditions for
Implementation of U.S. Digital Audio Radio Services (DARS)," Report No. IN 98-50
(Sept. 3, 1998); "Agreement Between the Government of the United States of America
and the Government of the United Mexican States Concerning the Use of the 2310-2360
MHz band" (available at http://www.fcc.gov/ib/pndagreements/docs/dars agrees/
usmexdars.pdf).

See Letter from Paul J. Sinderbrand, Counsel to WCA, to Magalie Roman Salas, IB
Docket No. 95-91 (December 15, 2000).
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have provided indicates that the equipment several of them are designing is substantially more

susceptible to interference than that being deployed by the two DARS licensees.9

Although it is our understanding that the Commission has made substantial progress on

the development of permanent rules for DARS repeaters, with the commercial deployment of

service imminent, XM Radio was compelled to file its STA request before those rules were

adopted and as soon as it had reasonably reliable information available about the location and

characteristics of its repeaters. XM Radio submitted that request July 12,2001, two weeks after

concluding a redesign involving the shift from omnidirectional to sectorized antennas on its ::s 2

kW repeaters. By modifying most of its :::;"2 kW repeaters by shifting from omnidirectional

antennas to sectorized, directional antennas, the change had the effect of reducing the potential

area of interference to others by focusing the same input power on a smaller area. 10 The current

STA request identified the location and operating characteristics of 778 separate transmitting

antennas from approximately 706 repeater sites that XM Radio proposes to operate at power

levels above 2 kW EIRP. Of these 706 sites, approximately 569 are formerly 2 kW repeaters

that, with the same power input and new sectorized antennas, have an effective radiated power of

between 2 and 10 kW. The others operate at between 10 and 40 kW EIRP. Consistent with its

understanding that repeaters operating below 2 kW were not a concern, XM Radio did not

9

10

Comments of AT&T at 8 (stating that base station sensitivity is -45.1 dBmi ); Comments
of BellSouth at Attachment A (stating that CPE sensitivity is -35 dBm, which is actually
-58 dBm when the antenna gain is added); Letter from William M. Wiltshire, Counsel for
AT&T Wireless, to Ms. Magalie Roman Salas, FCC, IB Docket No. 95-91 (April 30,
2001), at 5 (stating that base station sensitivity is -45.1 dBmi and remote unit sensitivity
is -58.6 dBmi); Letter from Karen Possner, BellSouth, to Ms. Magalie Roman Salas,
FCC, IB Docket No. 95-91 (May 18,2001) (stating that CPE sensitivity is -35 dBm,
which is actually -58 dBm when the antenna gain is added).

The attached White Paper provides a technical discussion of how this redesigned system
reduces the areas of potential interference.
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provide location information for the approximately 550 repeaters that it currently expects to

operate in the next few months that would operate at below 2 kW EIRP, most of which would

operate at between 1000-1200 watts. The STA request certified that the repeaters' out-of-band

emissions will be at levels consistent with those XM Radio has proposed for the rules and,

similarly, that the repeaters would not be used to originate programming or transmit signals other

than those received by the satellites. Consistent with the temporary nature of the authority

sought, XM Radio committed to cease operation of any repeater that causes interference. XM

Radio arranged for copies of the STA request to be provided to the WCS licensees upon filing.

The Commission issued its Public Notice on July 31, 2001. Report No. SAT-OOOn. The

Public Notice asked commenters to provide specific information concerning interference to

stations that are "currently deployed and operational" and specific ways of reducing their

susceptibility to interference.

The comments that were filed fall into two categories, (i) those addressing specific

deployed or planned facilities that might receive interference from the identified repeaters and

(ii) those raising general concerns. In the first category are comments filed by AT&T Wireless

and WorldCom. 11 AT&T Wireless identified twenty-one of XM Radio's repeaters in seven

markets that it believes might cause interference to its deployed or planned facilities. (Based on

subsequent discussions with AT&T, it appears that there is only one repeater in Houston and two

repeaters in Los Angeles, where it has currently deployed WCS facilities that it believes are

susceptible to interference from XM Radio's repeaters. In all other cases identified, there are

II Comments of AT&T Wireless Services, Inc., File Nos. SAT-STA-20010712-00063,
SAT-STA-20010724-00064 (August 21,2001); Erratum of AT&T, File Nos. SAT-STA
20010712-00063, SAT-STA-20010724-00064 (August 29,2001); Worldcom, Opposition

Footnote continued on next page
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only planned facilities that might be affected.) Worldcom identified what appears to be a few

repeaters in two markets that might be a problem, only one of which, in Memphis, is alleged to

be a possible problem to a WCS facility that Worldcom has deployed. I2 No other party

identified any concerns about interference to specific deployed (or even specific planned)

facilities and no party addressed ways in which they might reduce their susceptibility to

interference.

Other WCS licensees and potential manufacturers of WCS equipment filed comments

expressing concern about blanketing interference that might be caused to their receivers by

DARS repeaters generally.13 The Wireless Communications Association International, Inc.

("WCA"), without any technical analysis, repeated its calls for restrictions on DARS repeaters to

protect MDS and ITFS systems. I4 The NAB and two broadcasters essentially repeat the

concerns that they addressed in the rulemaking. I5

Footnote continued from previous page

to STA Request, IB Docket 95-91, File Nos. SAT-STA-20010712-00063, SAT-STA
20010724-00064 (August 21,2001).

12

13

14

15

These numbers are best guess estimates given the confusing nature of Worldcom's
technical appendix. In Memphis, for example, it is unclear which of the three XM Radio
repeaters it identifies will allegedly cause interference.

Comments of Beam Reach Networks, IB Docket No. 95-91, File Nos. SAT-STA
20010712-00063, SAT-STA-20010724-00064 (August 23,2001); Comments of
BellSouth, File Nos. SAT-STA-20010712-00063, SAT-STA-20010724-00064 (August
21,2001); Comments of Metricom, Inc., Debtor-in-Possession, File No. SAT-STA
20010712-00063 (August 21,2001); Comments of Navini Networks, IB Docket No. 95
91 (August 21,2001).

Comments of Wireless Communications Association International, Inc., File Nos. SAT
STA-20010712-00063, SAT-STA-20010724-00064 (August 21,2001).

Comments of Entercom Communications Corp., IB Docket No. 95-91, File Nos. SAT
STA-20010712-00063, SAT-STA-20010724-00064 (August 21,2001); Comments ofMt.
Wilson FM Broadcasters, Inc., File Nos. SAT-STA-20010712-00063, SAT-STA
20010724-00064 (August 21,2001); Comments of the National Association of

Footnote continued on next page
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Several of the comments challenge the propriety of granting temporary authority for the

operation of the repeaters and sought the imposition of a variety of conditions. 16 Several

comments also question the propriety ofXM Radio's deployment efforts, claiming that they

violated the terms of its experimental authorization. 17

Discussion

I. The Response to the Public Notice Demonstrates A Very Low Probability of
Interference During Temporary Operation of the Repeaters

The Public Notice asked the WCS licensees and others to identify any specific deployed

facilities that might receive interference from the proposed repeaters. The record at this point

shows conclusively that there are only four repeaters of the 778 for which XM Radio seeks

temporary authority to operate above 2 kW EIRP that might cause any interference to any

existing facilities. Those are the one repeater in Houston and two in Los Angeles identified by

AT&T and the one repeater in Memphis identified by Worldcom. XM Radio recognizes its

obligations and is committed to working with AT&T Wireless and WorldCom to eliminate any

problem with those four repeaters and to prevent its other proposed repeaters from causing

Footnote continued from previous page

Broadcasters, IB Docket No. 95-91, File Nos. SAT-STA-200107l2-00063, SAT-STA
20010724-00064 (August 21,2001).

16

17

Comments of AT&T Wireless at 2-5, 10-12; Comments of Bell South 12-21,36-38;
Comments of Metricom at 5-10; Comments ofWCA at 2-3, 7-9; Comments of
Worldcom at 3-4.

Comments of AT&T Wireless at 8-10; Comments ofMt. Wilson at 2-4; Comments of
WCA at 6 n.16.

8



interference to new facilities that AT&T or Worldcom might seek to deploy during the term of

the STA. 18

II. It is Appropriate for the Commission to Grant Temporary Authority

Commission cases applying the standards of Section 309(f) and Section 25.120 establish

that sufficient justification for the grant of an STA include (i) initiation of service to the public;

(ii) expanded service to the public; (iii) efficient use of available spectrum; and (iv) increased

competition, all of which are applicable to XM Radio's STA request. 19

18

19

At the same time, it is only reasonable to require all WCS licensees to employ currently
available technology to minimize their susceptibility to interference from other
transmission sources.

See Echostar Satellite Corporation, Order, 14 FCC Rcd 10006 (Chief, International
Bureau, June 16, 1999); Direct Broadcasting Satellite Corporation, Memorandum
Opinion and Order, 13 FCC Rcd 6392 (Chief, International Bureau, March 23, 1998);
see also Columbia Communications Corporation, Order, 11 FCC Rcd 8639 (Chief,
Satellite and Radiocommunication Division, July 19, 1996) (granting Columbia' request
for STA to use capacity on the NASA TDRS-6 satellite on a temporary basis until
Columbia's satellite was launched despite interference concerns of PanAmSat because
operation would be on a non-interference basis and grant would "allow for expanded
service options to existing and new customers"); Mobile Datacom Corporation, Order
and Authorization, 10 FCC Rcd 4552 (Chief, International Bureau, April 3, 1995)
(granting temporary authority to operate mobile earth terminals ("METs") transmitting in
the 1.6 GHz band to provide radiolocation and messaging services despite objections of
Big LEO licensees because, among other things, operation would be on a non
interference basis and it would "permit the public to receive services that would not
otherwise be available"); Newcomb Communications, Inc., Order and Authorization, 8
FCC Rcd 3631 (Acting Chief, Common Carrier Bureau, May 24, 1993) (granting
temporary authority to operate METs transmitting in the 1.6 GHz band to provide
radiolocation and messaging services despite objections of Big LEO applicants because,
among other things, operation would be on a non-interference basis and because denying
application would "deprive the public of service"). AT&T cites Comsat for the
proposition that STAs are only granted in the event of potential harm to health, safety,
life, or property. AT&T at 5 (citing Comsat Corporation, Order, 13 FCC Rcd 319 (Chief,
Int'l Bur. 1998)). In Comsat, however, the International Bureau was not discussing its
general policies regarding the circumstances warranting an STA. Rather, the
International Bureau was only discussing the circumstances under which it would grant
an STA to Comsat, the U.S. signatory to the intergovernmental organization Inmarsat, to
provide domestic mobile satellite service.

9



The International Bureau has granted an STA to a DBS provider to use channels assigned

to other providers pending launch of these other providers' satellites because it would "make

efficient use of available spectrum," allow for "immediate expanded service to its customers,"

and "foster competition in the multichannel video program distribution market.,,20 The

International Bureau has also granted a DBS provider an STA to temporary relocate an in-orbit

satellite to another orbital location at which it was assigned channels because such relocation

would expedite DBS service and allow the benefits of increased competition "to be realized at an

earlier date.,,21 In these instances, the Commission has acknowledged the possibility of

interference to other licensed providers, but has attached a non-interference condition to the STA

to address these concerns.22

Here, as in the other cases, without grant of the STA, initiation of service to the public

and the public interest benefits ofDARS will be delayed and XM Radio's licensed spectrum will

lie fallow.

The commenters also argue that XM Radio has not provided the "full particulars" of its

operations as required by Section 25.120 because it has not provided information regarding its

repeaters that will operate at less than 2 kW EIRP. Commenters argue that this information is

needed so that a WCS or MDS licensee can determine the source of interference from operations

pursuant to the STA. There is no need for disclosure about repeaters proposed to operate at or

below 2 kW EIRP, since no party has argued on technical grounds for the limitation of such

20

21

22

Direct Broadcasting Satellite Corporation, 13 FCC Rcd 6392.

Echostar Satellite Corporation, 14 FCC Rcd 10006.

See id. ,-r,-r 8-9 (conditioning STA on a non-harmful interference basis to other authorized
radiocommunication operations).
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repeaters. 23 Indeed, the parties that request such information are WCS licensees that are

permitted to operate an unlimited number of transmitters at or below 2 kW EIRP without

revealing any information about their characteristics or location.

Finally, Metricom makes the unsupported claim that "it is well established" that the

Commission cannot grant an STA to implement a service that is subject to an ongoing

rulemaking. Metricom at 7. Commission precedent says otherwise. For example, in 1995, the

Commission granted American Mobile Satellite Corporation an STA to serve mobile earth

terminals in the lower L-band despite the fact that permanent use of the lower L-band was being

considered in a separate rulemaking.24

In sum, XM Radio has satisfied all the requirements necessary for the grant of an STA. It

has an immediate need to commence service, having launched its satellites within the time frame

established by the Commission. Absent grant, the public will be deprived of the full benefits of

DARS. XM Radio has committed to cease operations to resolve complaints of actual

interference that occur from the temporary operations.25 And its technical proposals are designed

so as to minimize the potential for any interference. Thus, the objections to the grant of the STA

must be rejected.

23

24

25

AT&T Wireless at 4 (noting that AT&T Wireless and other WCS licensees have
proposed blanket licensing of2 kW DARS repeaters); Comments of Metricom at 8
("Metricom's system can accommodate the operations of SDARS terrestrial repeaters at
power levels at or below 2 kW EIRP"); Comments ofWCA at 5-6; Opposition of
Worldcom at 2.

AMSC Subsidiary Corporation, Order and Authorization, 10 FCC Rcd 10458
(August 1, 1995); AMSC Subsidiary Corporation, Order on Reconsideration, 11 FCC
Rcd 5527 (August 4, 1995).

In the event of an interference complaint, XM Radio designates Derek de Bastos
(derek.debastos@xmradio.com; (202) 380-4184) and Phil Barsky
(phil.barsky@xmradio.com; (202) 380-4090) as its points of contact.

11

._-- -----------_.-



III. There is No Need for Special Conditions

Several of the parties argue for the imposition of a wide variety of special conditions on

any STA that the Commission issues to XM Radio, including limiting the term to 90 days,

requiring specific advance notice of a repeater being activated and special notices to customers,

establishing special procedures for ceasing operations in the event of interference, and disclosure

of detailed technical and financial information and analyses involving the repeaters.26 In light of

the evidence of extremely limited risk of interference during the normal term of the STA, XM

Radio's commitment to cease operations in instances where there is actual interference, and the

likelihood that final repeater rules will be issued and become effective in the near future, such

conditions are unwarranted.

IV. XM Radio's Repeater Deployment Has Been Fully Lawful

Some of the comments suggest that XM Radio's deployment of repeaters has violated the

scope of its authorizations, including particularly its experimental license.27 In fact, that

deployment is beyond reproach. XM Radio has been completely within its rights to construct

repeater facilities without any additional authorization. The company has proceeded at its own

risk in the construction of these facilities, but no authority has been needed for such construction.

Any operation of those repeaters to date have been properly pursuant to its experimental license

and have fully complied with the terms of that license. The repeaters have been operated to

conduct critical tests of the technology and their coverage. XM Radio met with the Office of

26

27

Comments of AT&T Wireless at 10-12; Comments of Bell South 36-38; Comments of
Metricom at 9-10; Comments ofWCA at 7-9; Comments of Worldcom at 3-4.

Comments of AT&T Wireless at 8-10; Comments of Mt. Wilson at 2-4; Comments of
WCA at 6 n.16.
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Engineering and Technology on July 27,2001 and received assurances that OET is not

concerned that the construction of repeater facilities was a violation of its experimenta11icense.

V. Other Issues Should Be Addressed in the Rulemaking

Several parties filed comments that raise broader issues than the temporary operation of

the proposed repeaters and their potential to cause interference to specific, currently-deployed

facilities. 28 Many of these comments are duplicative of comments that the same parties have

submitted previously, including in the ongoing ru1emaking proceeding. These include issues

raised by broadcasters and wireless cable operators. With respect to the concern raised by NAB

that the DARS licensees intend to insert local advertising by using a time-delay technique, XM

Radio can assure the Commission that it has no such intention. Every repeater will transmit the

same programming as every other repeater, at the same time as every other repeater. In any

event, these broader issues are more appropriately discussed in the ru1emaking proceeding,

which is already before the Commission, and which seeks to establish permanent rules for the

terrestrial repeaters. XM Radio urges the Commission to deal with these comments in

connection with the ru1emaking and not permit them to distract the Commission from speedy

action on the STA request. XM Radio accepts the risk of proceeding under temporary authority

prior to the ultimate resolution of the ru1emaking.

With respect to the technical issues raised by the WCS licensees, in an effort to facilitate

resolution of the ru1emaking issues, XM Radio has submitted a White Paper that addresses the

issue of blanketing interference as it affects WCS receivers?9 The purpose of this paper is to

28

29

Comments of Entercom; Comments of NAB; Comments ofMt. Wilson; Comments of
WCA.

See XM Radio Inc., Ex Parte Presentation, IB Docket No. 95-91, File Nos. SAT-STA
20010712-00063 (August 29,2001).

13



describe in more detail XM Radio's technical analysis of this key issue. The analysis

demonstrates the following principles: (i) the DARS licensees have been able to develop both

repeater receivers and consumer receivers that are capable of operating within just a few feet of

the terrestrial repeaters of the other's system without experiencing blanketing interference or

intermodulation interference; the WCS receivers can do the same using techniques such as

filters, automatic gain control, and careful placement of transmitters; (ii) XM Radio's

modification of its 2 kW repeaters from omnidirectional antennas to sectorized antennas reduces

the potential for interference to WCS receivers; and (iii) the potential for interference to WCS

receivers is reduced by XM Radio's use of a repeater network design that emphasizes fewer

higher power repeaters instead of more lower power repeaters.

14



Conclusion

The public interest will be served by the grant ofXM Radio's request for temporary

authority, so that it can roll out a fully-operational SDARS service, as always envisioned, serving

both rural and urban areas with a high-quality signal. XM Radio's repeaters will not be used for

the origination of any local programming, or for the insertion of local or regional advertising or

news. XM Radio's repeaters will not cause any harmful interference to existing operators, and

to the extent that they do cause actual interference the licensee has committed to cease any such

operations, as required by an STA. Based on the foregoing, XM Radio urges the Commission to

expeditiously granted its request for temporary authority.

Respectfully submitted,

XM RADIO INC.

Bd::ly--'--
David S. Konczal
SHAW PITTMAN LLP
2300 N St., N.W.
Washington, D.C. 20037
(202) 663-8000

August 31, 2001

L,,~_·

------_/

Lon C. Levin
Senior Vice President, Regulatory
XM Radio Inc.
1500 Eckington Place, N.E.
Washington, D.C. 20002
(202) 380-4000
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White Paper

Potential Blanketing Interference from
DARS Repeaters to WCS Receivers

The purpose of this paper is to describe in more detail XM Radio's technical
analysis of this key issue. The analysis demonstrates the following principles:

• XM Radio has been able to design and deploy repeater receivers and consumer
receivers at reasonable cost so that they are essentially immune from blanketing
interference in the presence of repeater transmissions. This experience demonstrates
that WCS licensees should be able to design and deploy base station and consumer
receivers at reasonable cost that are similarly immune from blanketing interference.
The principal measure that WCS licensees need to take for their base station receivers
is the insertion of filters and, for consumer receivers, the use of wideband Automatic
Gain Control.

• The experience of XM Radio with proper repeater facilities deployment also supports
the ability of WCS licensees to overcome the risk of blanketing interference.

• XM Radio's modification of its repeaters that operate at ~2 kW to shift from
omnidirectional antennas to sectorized antennas reduces the potential for interference
to WCS receivers.

• XM Radio's current design, using fewer repeaters with higher power, rather than
more repeaters with lower power, reduces the size of any exclusion zone that WCS
will experience, even assuming a line-of-sight, free-space-Ioss analysis for WCS
receivers that are highly susceptible to blanketing interference.

I. WCS Receiver Susceptibility Can Be Substantially Improved

A. The experience of the DARS licensees

The experience of XM Radio and Sirius with the design and manufacture of
receivers that need to operate in the same RF environment as the WCS licensees'
receivers provides ample evidence that potential problems of blanketing interference and
intermodulation can be effectively eliminated by careful but not costly receiver design or
the use of filters. XM Radio and Sirius each have been able to develop both repeater
receivers and consumer receivers that are capable of operating within just a few feet of
the terrestrial repeaters of the other's system without experiencing blanketing interference
or intermodulation interference.

DARS repeater receivers. Every XM repeater contains a collocated, highly
sensitive satellite receiver, which provides error free reception of the XM satellite signal
while separated by only 1.8 MHz from the high power terrestrial transmitter. The
repeater transmitter does not overload the XM repeater receivers. In addition, the
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repeater transmit filter severly limits the amount of transmitted signal energy in the
adjacent XM Radio satellite receive bands. The XM repeater receivers are protected from
blanketing interference by installing notch filters that attenuate the transmitter energy by
35 dB. These are relatively small filters (6"x8.5"x2.5") and the insertion loss is less than
1 dB. The measured performance of the filter is depicted in Figure 1.
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Figure 1. XM Repeater Notch Filter Measured Performance

DARS consumer receivers. In the case of our consumer receivers, we have used
wideband automatic gain control (AGC) at the RF front-end to reduce the potential for
blanketing interference from Sirius or WCS transmitters. This is very low cost (less than
$5 per unit), is widely used in other consumer receivers, and typically raises the overload
point by more than 25 dB. The use of RF AGC does not degrade the threshold
performance of the receiver. All of XM Radio's consumer receivers have these
characteristics. They retail for as low as $199, despite having full capability to receive
both the satellite and terrestrial signals.
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B. The presentations by WCS licensees

In contrast, the wes licensees have described base station and consumer
receivers that appear to ignore the use of these approaches and exhibit a correspondingly
high susceptibility to blanketing interference. That susceptibility is so high as to call into
question the systems' ability to provide service to its own receivers, regardless of
interference from other system operators in adjacent bands.

According to Table 1, when the signal level at the face of the antenna reaches the
overload point, the receiver no longer provides a linear response. With the receiver
operating in this nonlinear region, the desired linear modulated signal is distorted, which
inhibits error free recovery of the user data. Any signal within the passband of the
receiver front end is capable of driving the receiver into the nonlinear region, including
the desired signal. According to this data, if a wes provider installs a 2 kW EIRP base
station in a region where the spectrum is otherwise clear and a residence one tenth of a
mile away from the base station subscribes to the service, the signal level presented to the
face of the ePE receiver antenna installed at the residence will be -21 dBmi, which is 37
dB above the overload points. Thus, service will be unavailable at the residence unless
the ePE receiver is modified to operate in the linear region with received signal levels at
-21 dBmi. With that design modification effected, by definition, the receiver will no
longer suffer from blanketing interference at the levels described in Table 1.

wes Receiver Overload Point (dBmi) 2kWEIRP
LOS Exclusion Zone

(Square Miles)
ATTWS Base -45 8
ATTWS RU (24 dBi Ant) -58 158
BellSouth ePE (24 dBi Ant) -58 158

Table 1. Blanketing Interference Regions for wes Receiver Designs

WCS base stations. Base stations must operate over the full receiver dynamic
range as signals may be simultaneously received from near ePE transmitters and distant
ePE transmitters. Since base stations are not as size constrained or cost sensitive as the
RU or ePE, it is reasonable to incorporate a receive notch filter or band pass filter to
protect against SDARS blanketing interference. One such filter suitable to protect wes
base stations against blanketing interference is described in Figure 2.
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Figure 2. Notch Filter Characteristics for WCS Base Stations
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Figure 3. Simulated Performance of FSY Microwave Filter PIN 80452
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The filter described in Figure 3 is available from FSY Microwave, Inc. in
Columbia, MD. The filter is constructed with 4 ceramic puck resonators and its physical
dimensions are 5.9"x5.9"x2.25", not including connectors. Insertion loss for the WCS
bands is typically less than 0.7 dB. The price is no more than $326. Incorporation of a
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filter exhibiting the performance in Figure 3 will increase the base station overload level
by at least 20 dB.

WCS consumer receivers. The low cost design techniques required to improve
the "brute force overload" protection of the WCS CPE receivers are based on the fact that
these receivers communicate with only one base station, which does not require
utilization of the receiver's full dynamic range.

Consider the present BellSouth receiver block diagram and performance in
Figures 4 and 5. For interference levels at the receiver input up to -35 dBm, the receiver
will operate as long as the desired signal is a minimum of -101.8 dBm, as disclosed in
BellSouth's August 21,2001 filing. Thus, when the interference level rises above -35
dBm, the receiver will experience "blanketing interference" and not operate at all,
independent of the desired signal level.
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Figure 4. Bellsouth Receiver Line Up
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Figure 5. Performance of Bellsouth Receiver Line Up

Next, consider the modified BellSouth receiver block diagram and performance in
Figures 6 and 7. Figure 7 depicts the theoretical performance, which can be realized by
the addition of RF AGC circuitry to the receiver. As in Figure 5, for interference levels
at the receiver input up to -37 dBm, the receiver will operate as long as the desired signal
is above the minimum -101.8 dBm threshold. However, when the interference level rises
above -37 dBm, which is the RF AGC threshold in this example, the minimum desired
signal requirement increases dB for dB with the interference signal. The RF AGC
threshold is normally set to engage 2 or more dB below the level at which the receiver is
susceptible to signal blocking from either front end compression or intermodulation
distortion. Effectively, the receiver immunity to blanketing interference is achieved
without filters, provided the desired signal is above threshold. System design methods to
insure the desired signal is above threshold when the interference levels are above the
AGC threshold are addressed in Section II.

Figure 6. Bellsouth Receiver Line Up with RF AGC
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Figure 7. Performance of Bellsouth Receiver Line Up with RF AGC

Low-cost, off-the-shelf components, which are capable of providing the AGC
performance described in Figure 7, are readily available for incorporation into WCS CPE
receivers. The MIA-COM AT-119 Voltage Variable Attenuator in combination with the
Analog Devices AD8314 RF Detector/Controller is one example of an AGC
implementation (used in one low-cost SDARS consumer receiver design) that exhibits
excellent performance in the presence of 40 kW EIRP SOARS repeaters. Specifications
for the AT-119 and A08314 devices are available from the manufacturer's web sites.
Various other AGC designs have been implemented by the many SDARS receiver
manufacturers, all of which exhibit similar excellent performance in the presence of 40
kW EIRP SOARS repeaters.

II. Prudent but practical system design is also important to eliminate the
potential for blanketing interference

With the deployment of reasonable SOARS filters on WCS base stations, and the
deployment of AGC circuitry the WCS CPE receivers, the task of providing quality
service in the vicinity of SDARS high power repeaters is straightforward. By deploying
base stations anywhere in wide area near otherwise a problematic repeater will insure that
adequate signal power is available to the CPE receiver in regions were the AGC threshold
is exceeded by the SDARS transmitter. Sirius and XM Radio have demonstrated the
successful coordination of their systems using this system design technique and there is
no reason why that success cannot be duplicated by WCS system operators.
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The importance of this system design element is illustrated by the example deployment of
a WCS base station collocated with a 40 kW EIRP high power SOARS transmitter
equipped with a 90 degree phased array panel, depicted in Figure 8. (As discussed
further below, it is not necessary that the two facilities be collocated, but the principle is
easier to illustrate using this example.) For the example tower configuration of Figure 8,
the WCS base station receiver will operate without performance degradation based on the
specifications in Table 2.
Figure 8. Tower Configuration for Collocated SOARS and WCS Antennas

Parameter Limit Unit
SOARS Peak EIRP 76 dBmi
SOARS Main Beam Attenuation 15 dB
Path Loss for 60 Feet 65 dB
SOARS EIRP at WCS Antenna -4 dBmi

WCS Peak Antenna Gain 16 dBi
WCS Main Beam Attenuation 15 dB
SOARS Signal at WCS Antenna Terminal -3 dBm
SOARS Filter Attenuation (From Figure 15) 35 dB
SOARS Signal at WCS Base Receiver -38 dBm

Table 2. Interference Link Budget for WCS and SOARS Collocated Transmitters

The interference link budget in Table 2 supports the ability to collocate WCS base
stations with SOARS high power repeaters, as the SOARS signal present at the WCS
receiver is below the worst-case -35 dBm overload threshold quoted by BellSouth. As
mentioned in Section I, XM successfully collocates a sensitive satellite receiver operating
with a 1.8 MHz guard band to the terrestrial transmitter at each terrestrial site. In XM's
experience, the main beam attenuation for the SOARS antenna in Table 2 is both
realizable and conservative, which will provide additional margin in the interference link
budget. For a collocated tower implementation, predicted main beam attenuation may be
determined from the -90 degree point on the elevation patterns in Figures 12-15.
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With the WCS and SDARS transmitters collocated, the operation of the CPE or RU
receivers is illustrated by Figure 9. The coverage zones depicted in Figure 9 have been
defined based on a WCS CPE receiver operating with a -37 dBm AGC threshold as
defined in Figure 7 coupled to a 24 dBi antenna, which establishes the radiated AGC
threshold at -61 dBmi.

Conducted AGC Thresh = -37 dBm
CPE Antenna Gain = 24 dBi
CPE Radiated AGC Thresh = -61 dBmi

, I

_ Zone 1. WCS 2 kW EIRP Base Station Signal> -61 dBmi
ffiillI] Zone 2. WCS and SDARS Signals < -61 dBmi
_ Zone 3. SDARS Repeater Signal> -61 dBmi

Figure 9. Coverage Zones for Collocated WCS and SDARS Transmitters

Zone 1 depicts the region where the WCS CPE AGC will engage based on the signal
received from the WCS base station. Signals from the SDARS repeater are below the
signals from the WCS base station in this zone. Zone 2 depicts the region where the
WCS CPE AGe is not engaged. The WCS CPE receiver has an adequate interference
protection ratio to protect against SDARS interference in this zone. Zone 3 depicts the
region where the WCS CPE AGe will engage based on the signal received from the
SDARS repeater. For the line-of-sight propagation model used for this example, the
SDARS repeater signal will be a maximum of 13 dB above the WCS base station signal
throughout this region. A CPE receiver operating with the AGC performance described
in Figure 7 will maintain an interference protection ratio which will enable it to receive
the desired signal from the WCS base station with substantial margin in this zone.
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There is no requirement to collocate the WCS base station with the SDARS terrestrial
repeater to insure operation throughout the coverage area. As long as the WCS base
station signal strength is within the interference protection ratio of the CPE receiver
throughout Zone 3, any exclusion zones will be eliminated.

III. The shift from omnidirectional antennas to panels improves the interference
environment for WCS receivers

XM Radio's repeater network design, including the number of repeaters that it
expects to deploy, has not changed fundamentally since its original conception. In recent
months, however, as a result of tests conducted after the launch of the XM Radio
satellites, XM Radio has modified the antenna configuration of over two-thirds of the
repeaters that had been designed to operate at ~2 kW EIRP. Without changing the power
output from these transmitters, XM Radio has shifted from omnidirectional to
directionalized panel antennas. This change, which was made to improve the
performance of the repeater network, has the benefit of reducing the potential area in
which WCS receivers may suffer blanketing interference.

Rationale for the shift to panel antennas. The SDARS terrestrial RF networks are
digital simulcast networks utilizing OFDM transmission schemes. A key RF network
design parameter, which must be adhered to in order for the simulcast networks to
provide uninterrupted service throughout the coverage area, is the simulcast delay spread.
For each location within the coverage area, the composite signal present at the receiver
must comply with a waveform specific delay vs. amplitude mask in order for the signal to
be reliably processed by the receiver. If, for example, the signals from two repeaters
arrive at the receiver with near equal amplitude but at different times, due to different
propagation delay distances from their independent locations, when the time difference
exceeds the waveform guard interval, destructive intersymbol interference results. In
locations such as these, service outages are present even though a strong signal is
available to the receiver. The simulcast delay spread is controlled through proper RF
network design.

Figure 10 and 11 demonstrate how panels are deployed to reduce service outages
due to simulcast delay spread. The diagram on the left in Figure 10 shows the coverage
areas for the 3 sites deployed with omnidirectional antennas. The diagram on the right in
Figure 10 shows the areas in which there would be mask violations if omnidirectional
antennas are used. The diagram on the left in Figure 11 depicts an example coverage
area for the same 3 sites as in Figure 10 with panel antennas on two of the sites. The
absence of red regions in the diagram at right in Figure 11 shows the effect of using
sectorized panel antennas. The network deployed with this configuration would not
exhibit simulcast related service outages throughout the coverage area.
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• Coverage Areas

• Delay Mask Violation Areas

Figure 10. Coverage Contours and Delay Mask Violations for 3 Omni Sites

• Coverage Areas
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Figure 11. Coverage Contours and Delay Mask Violations for 1 Omni and 2 Panel Sites
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Impact on the WCS inteiference environment. From the standpoint of exclusion
zones, the same amount of conducted power applied to a panel antenna will in general
result in a smaller exclusion zone when compared to an omnidirectional antenna, even
though the peak EIRP at the antenna is higher. Consider the azimuth and elevation
patterns of a sample of antennas used in the XM Network, depicted in Figures 12-15.

Figure 12. Omni Antenna - Gain lOdBi
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Figure 13. Phased Array Panel Antenna - Gain15dBi, Beamwidth 90 degrees

Figure 14. Panel Antenna - Gain 18dBi, Beamwidth 45 degrees
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Figure 15. Panel Antenna - Gain 14dBi, Beamwidth 120 degrees

Comparing the azimuth patterns of the panel antennas (left side of Figures 13-15)
to that of the omnidirectional antenna (Figure 12), it is evident that while the peak
antenna gain of the panels will exceed the gain of the omnidirectional antenna, the
antenna gain averaged over 360 degrees in azimuth is lower for the panel than the
omnidirectional antenna. Analytically, it can be shown that the area of the line of sight
exclusion zone is directly related to the average antenna gain or EIRP, not the peak
antenna gain.

Figure 16 depicts the relative exclusion zones for the antennas described in
Figures 12-15 when connected to a repeater with the same RF output power.
As is evident from Figure 16, for a given blanketing interference threshold and with
equivalent RF power applied to the antenna feed, the area of the exclusion zone will scale
in relationship to the average antenna gain.
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