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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is a technical report for “Expansion of LTE_FDD_1670_US to include 1670-1680 MHz Band for LTE in the US” study item, which was approved at 3GPP TSG RAN#59 [2]. The ID assigned to the study item FS_LTE_FDD_1670_US. The objective of this study item is to facilitate and harmonize the characteristics and efficient use of 1670-1680MHz DL duplexed with band 24 UL for LTE FDD deployment in US. In addition to the schedule and status of the study items, the report includes a description of the motivation, requirements, study results and specification recommendations.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications". [SID]
RP-090666, “Proposed SI: Extended 850”, Alcatel-Lucent, Ericsson, Motorola, NII Holdings, Nokia, Nokia Siemens Networks, ST-Ericsson
[2]
RP-130202:  " Study Item Proposal: Expansion of LTE_FDD_1670_US to include 1670-1680 MHz Band for LTE in the US ", RAN #59, Feb. 2013
[3]
FCC Rules and Regulations 47 C.F.R §27: “Miscellaneous Wireless Communications Services: http://www.ecfr.gov/cgi-bin/text-idx?c=ecfr&SID=79c73df3f25987fc1a7bc7da895561df&rgn=div5&view=text&node=47:2.0.1.1.5&idno=47
[4]
FCC Order DA 07-5101: “Crown Castle Waiver Order”, FCC,  http://hraunfoss.fcc.gov/edocs_public/attachmatch/DA-07-5101A1.pdf
[5]
FCC Rules and Regulations 47 C.F.R §2.106: “Table of Frequency Allocations”   http://transition.fcc.gov/oet/spectrum/table/fcctable.pdf
[6]
FCC Rules and Regulations 47 C.F.R  §25.23: “Special requirements for ancillary terrestrial components operating in the 1626.5–1660.5 MHz/1525–1559 MHz bands.” http://www.hallikainen.org/FCC/FccRules/2012/25/253/section.pdf
[7]
FCC Order DA-10-534, March 26, 2010, http://hraunfoss.fcc.gov/edocs_public/attachmatch/DA-10-534A1.pdf 
[8]
FCC Order DA-04-3553, November 8, 2004, http://hraunfoss.fcc.gov/edocs_public/attachmatch/DA-04-3553A1.pdf
[9]
FCC Order DA 05-30, February 25, 2005, http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-05-30A1.pdf
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

3.2
Symbols

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

<TBA>
<To Be Assigned>

4
Background
Band 24 (L-Band) is standardized in 3GPP Rel-10 LTE under the work item "Adding L-Band (Band 24) LTE for Ancillary Terrestrial Component (ATC) of Mobile Satellite Service (MSS) in North America" (L_Band_LTE_ATC_MSS) UID_470010. The FCC has suspended the license to deploy ATC in both the upper and lower segments of Band-24 downlink in the United States (and the associated build-out requirements, pending further review). As a result, LightSquared has not commenced such deployment in this band, and will not use Band 24 downlink until the FCC and NTIA approve such use. On December 20, 2012, the FCC granted LightSquared an indefinite extension of its ATC build-out requirement, while it considers LightSquared’s proposals to resolve concerns regarding potential interference to GPS receivers, including the proposals discussed here (Order in IB Docket No. 12-296, DA 12-2051 December 20, 2012).
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Figure 4.1: LightSquared Spectrum Holding

In addition, LightSquared has contractual and regulatory authority to use the 5 MHz of spectrum associated with the FCC’s nationwide license for 1670-1675 MHz (CH5 in Figure 4.1). FCC Rules allow 2000 Watts peak EIRP from base station, and 4 Watts EIRP from mobile terminals (CFR Title 47 §27.50(f) [3]).

LightSquared has requested to expand the downlink band to 10 MHz bandwidth, i.e. 1670-1680 MHz and has identified options for pairing this band with uplink spectrum at 1627.5-1637.5 or 1646.7-1656.7 MHz (see Figure 4.2). The FCC recently issued public notices for LightSquared’s requests to operate its terrestrial network using the downlink frequencies at 1670-1675 MHz and 1675-1680 MHz, and the comment cycle was completed in early January 2013 without serious objections.
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Figure 4.1: Potential LightSquared Spectrum Holding

5
Band allocation plan and regulatory background
This Section provides the frequency band arrangements and regulatory backgrounds for the proposed band. 

5.1
Existing Rules for 1670-1675 MHz. 
FCC rules allow 2000 Watts peak EIRP from base stations, and 4 Watts EIRP from mobile terminals (47 CFR §27.50(f)) in the 1670-1675 MHz band. 

FCC has not mandated the radio propagation direction for the 1670 – 1675 MHz band (forward or reverse link), and leaves that to the operator’s discretion. Acceptable access techniques include both FDD and TDD technologies, provided the relevant FCC transmitter emissions and other regulatory and requirements are met. LightSquared aims to use the spectrum as the downlink component of an FDD LTE system, with band 24 UL as its uplink spectrum. 

This band was licensed to Crown Castle for the broadcast of a nationwide DVB-H mobile video service, called Modeo, with at least 10 video channels and 24 audio channels. Crown Castle sought and received approval from the FCC to operate at higher power under certain conditions for the provision of its Modeo services (identified in FCC 07-16). For economic reasons, Modeo service was abandoned by Crown Castle and the spectrum was leased to LightSquared.

The LTE deployment in this band will adhere to all 3GPP terrestrial out-of-band requirements for spurious emissions including those for UE, eNB, and UE-to-UE emissions as will be defined in 3GPP TS 36.101, TS 36.104, 3GPP TS 25.101, and other relevant documents. Spurious emission requirements from the addition of this new band are expected to be the same as those required from the addition of other new US bands in 3GPP.

5.1.1
Base Station and Mobile Station Power Limits for 1670-1675 MHz 
Pursuant to Section 27.50(f) of the Commission’s rules, fixed and base station operations in the 1670-1675 MHz band are limited to 2000 watts EIRP peak power.  This power level includes transmit antenna gains. 

As mentioned above, Crown Castle International Corporation sought and received in FCC Order FCC 07-16 waiver of Section 27.50(f) of the Commission’s rules, which specifies a peak 2 kW EIRP limit for fixed and base station operations in the 1670-1675 MHz band.. Under this waiver, the fixed and base station macrocells are allowed to transmit up to 4 kW/MHz (which is equivalent to 36 dBW/MHz or 66 dBm/MHz) peak EIRP density in non-rural, and 8 kW/MHz (which is equivalent to 39 dBW/MHz or 69 dBm/MHz) peak EIRP density in rural areas only in 30 Cellular Market Areas (CMAs) specified in Crown Castle’s Initial Market Deployment Plan (identified in FCC 07-16). In all other CMAs, the lower 2 kW or 33 dBW peak base station EIRP limit applies. All these power limits include the transmit antenna gains. Note that, based on FCC 07-16, any power level above 2 kW is defined as high power transmission. This approach would have enabled Crown Castle to operate its proposed 5 MHz bandwidth DVB-H technology at up to 20 kW and 40 kW peak EIRP, for a 5 MHz channel, in non-rural and rural areas, respectively. 

Mobile terminals are limited to 4 watts EIRP peak power or 6 dBW (36 dBm) EIRP, including the terminal’s antenna gain.  

5.1.2
Out of Band Emission (OOBE) Limits 

In addition to all co-ordination and power limit requirements, operation in 1670-1675 MHz band is required to meet the following Out-Of-Band Emission (OOBE) limits:

Per 47 CFR §27.53(k), the power of any emission outside the licensee’s frequency band of operation, shall be attenuated below the transmitter power (P) by at least 43 + 10 log (P) dB. Compliance with this provision is based on the resolution bandwidth of 1 MHz or less, but at least one percent of the fundamental emission bandwidth of the transmitter, provided the measured energy is integrated over a 1 MHz bandwidth.

           [image: image5.emf]
Figure 5.1: NOAA Services in 1600MHz band [Courtesy to NOAA]
5.1.3
Coordination
Figure 5.1 depicts the services in the 1600 MHz band that might require coordination from any commercial services deployed in 1670-1680 MHz band. The figure shows the current and future plans for this band. 

5.1.3.1
Meteorological Satellite Earth Stations 

Although the 1670-1675 MHz band has been generally unencumbered, there are three vital federal Geostationary Operational Environmental Satellite System (GOES) earth stations adjacent to this band (centred at 1676 MHz).  47 C.F.R §1.924(g) (1) establishes coordination zones around downlinks for these earth stations, which are located at Wallops Island, Virginia; Fairbanks, Alaska; and Greenbelt, Maryland. More earth stations are located in Suitland MD, Fairmont WV, and Omaha NE. However, there is no explicit FCC requirement establishing a coordination zone for these additional earth stations. The coordination zone for Wallops Island and Fairbanks are specified locations bounded by circles with a radius of 100 km (62.1 miles), respectively, while the Greenbelt zone is a specified location bounded by a circle with a radius of 65 km (40.4 miles). For the 30 CMAs defined in FCC 07-16, where the transmission power could be greater than 2 kW (i.e., high power), the radius of the circle for the coordination zone surrounding Fairbanks increases to 180 km and the radius of the circle for the coordination zone for Greenbelt increases to 100 km. Even considering the larger coordination zones in Fairbanks and Greenbelt, only 4% of USA PoPs would be impacted around these six locations. 

Regardless of power levels, Section 1.924(g) (2) requires licensees to protect Wallops Island and Fairbanks at all times, and to protect Greenbelt, which is a back-up for Wallops Island, when it is active. 47 C.F.R. §27.903(b) (3) requires licensees to file a separate station application with the FCC and obtain an individual station license, prior to construction or operation of any station in a coordination zone. Licensees are required to notify the National Oceanic and Atmospheric Administration (NOAA) Office Frequency Management, either before or simultaneously with the filing of such an application

5.1.3.2
Radio Astronomy Services (RAS)
Radio Astronomy Service (RAS) also operates at two of the four hydroxyl line frequencies, namely 1665 and 1667 MHz. To protect RAS, any operator with a high power station (i.e. more than 2 kW EIRP) within 185 km radius of RAS facilities (listed in 47 CFR §2.106, footnote US385) is obligated to co-ordinate with the National Science Foundation (NSF) by initiating consultations in writing at least 30 days before undertaking any such operations. No coordination is required if the transmission power is no more than 2 kW EIRP, as per FCC rules for the 1670 – 1675 MHz band. 

In the FCC rulemaking establishing technical requirements for the 1670-1675 MHz band, the National Research Council’s Committee on Radio Frequencies (CORF) requested the FCC to establish exclusion and coordination zones for the protection of RAS. However, the FCC rejected the request, and rather considered the OOBE for the 1670-1675 MHz licensee sufficient to protect RAS operations.  

Footnote US74 of 47 C.F.R. §2.106, stating that “RAS operation will be protected from extra-band radiation only to the extent that such radiation exceeds the limits for a station operating in compliance with all applicable Commission rules,” applies to the 1670-1675 MHz band.  Footnote US385 of 47 C.F.R §2.106 lists the location of RAS sites that are considered under this provision. 

5.1.3.1
Meteorological Aids
National Weather Service Radiosondes (NWS) operates radiosondes in 1675-1683 MHz to obtain upper-air data that are essential for weather forecasts and research. Radiosondes use an approximate 250 mW transmitter power and operate out to a range of 250 kilometers from NWS Upper Air Sites. To address the potential interference from high power operations (i.e., more than 2 kW EIRP), any operator deploying stations in 1670-1675 MHz within 1.3 km of any NWS Upper Air Site is required to coordinate with NWS. No coordination is required if the transmission power is no more than 2 kW EIRP.

5.2
Current Rules for 1675-1680 MHz. 
On November 2, 2012, LightSquared asked for FCC authority to use the 1675-1680 MHz band to provide a commercially-useable terrestrial wireless broadband service as part of a contiguous 10 MHz downlink channel.  The 5 MHz band at 1675–1680 MHz will be shared with existing federal government users.  LightSquared’s proposal is uniquely suited to protecting the integrity of essential government operations in the 1675-1680 MHz band.  The FCC has accepted public comment on the proposal, and the comment cycle has been closed.

The 1675-1680 MHz band currently is allocated on a primary basis for both non-Federal and Federal use by the Meteorological Aids (MetAids) and Meteorological-Satellite (MetSat) Services; it is not allocated for terrestrial mobile service. LightSquared’s FCC filings recognize that its proposed use of 1675-1680 MHz may require modification of the Commission’s rules in order to facilitate the prompt processing and grant of its applications.

There are two downlink MetSat services deployed in 1675-1680 MHz band that must be protected from any terrestrial operation in the same band: 1) Sensor Data Link (SD) on current GOES-NOP (centred at 1676 MHz) , and 2) Data Collection Platform Report (DCPR) on future GOES-R satellite (centred at 1679.9 MHz and 1680.2 MHz). While locations for both SD and DCPR are known based on NTIA’s report, currently there are no rules specifying protection zones around these sites. 

The 1675 – 1680 MHz band also overlaps with NOAA Channel 1 (1676 MHz) and Channel 2 (1678 MHz) used for MetAids (Radiosonde) operations in the Continental United States (CONUS). Currently, there are 71 government operated Radiosonde receive stations in the CONUS. The International Table of Allocations contains primary allocations for MetAids (Radiosondes) at both 400.15-406 MHz and 1668.4-1700 MHz.

If coordination with these services requires LightSquared to limit its deployment within an exclusion zone, a 5 MHz deployment (from 1670-1675 MHz) could be considered.

5.3
Technical Rules for UEs

The following information outlines the UE emissions masks for 1626-1660 MHz UL, in EIRP metrics, consistent with FCC’s rules.

· Maximum Power: 0 dBW or 30 dBm [6; (g)(1)] & [7]. 

· Out-of-Band Emissions for Mobile Terminals 

· OOCE/OOBE Emission [8]:

· Limit of -58 dBW/4kHz (-28 dBm/4kHz) per terminal at a 1 MHz offset and beyond from the edge of the spectrum used for terrestrial deployment.
· Specific Emissions Requirement to protect RNSS (GPS) band [9]:

· Wideband Emissions - (averaged over any 2 millisecond active transmission interval):
· 1559 – 1605 MHz: -60 dBm/MHz; After 5 years: -65 dBm/MHz

· 1605 – 1610 MHz: Linear interpolation from -60 dBm/MHz to -36 dBm/MHz; After 5 years: linear interpolation from -65 dBm/MHz to -41 dBm/MHz

· Narrowband Emissions - (EIRP of discrete emissions of less than 700 Hz bandwidth, averaged over any 2 millisecond active transmission interval):

· 1559 – 1605 MHz: -70 dBm; -75 dBm after 5 years

· 1605 – 1610 MHz: Linear interpolation from -70 dBm to -46 dBm; After 5 years: linear interpolation from -75 dBm to -51 dBm

6
List of band specific issues for LTE FDD in 1670-1680MHz and band 24 UL
· General issues

· E-UTRA issues

· MSR issues

7
General issues

8
Study of E-UTRA specific issues
9
Study of MSR specific issues
10
Channel numbering for E-UTRA and MSR
11
Required changes to E-UTRA and MSR specifications
The required changes to the 3GPP specifications for the new band are summarised in a Table 11-1.

	Table 11-1: Overview of 3GPP specifications with required changes3GPP specification
	Clause in TR 30.007 where the required changes are given
	Clause in the present document identifying additional changes

	TS 36.101
	8.2.1.1
	

	TS 36.104
	8.2.1.2
	

	TS 36.106
	8.2.1.3
	

	TS 36.113
	8.2.1.4
	

	TS 36.124
	8.2.1.5
	

	TS 36.133
	8.2.1.6
	

	TS 36.141
	8.2.1.7
	

	TS 36.143
	8.2.1.8
	

	TS 36.307
	8.2.1.9
	

	TS 25.101
	8.2.2.1
	

	TS 25.102
	8.2.2.2
	

	TS 25.104
	8.2.2.3
	

	TS 25.105
	8.2.2.4
	

	TS 25.106
	8.2.2.5
	

	TS 25.113
	8.2.2.6
	

	TS 25.123
	8.2.2.7
	

	TS 34.124
	8.2.2.8
	

	TS 25.133
	8.2.2.9
	

	TS 25.141
	8.2.2.10
	

	TS 25.142
	8.2.2.11
	

	TS 25.143
	8.2.2.12
	

	TS 25.307
	8.2.2.13
	

	TS 25.331
	8.2.2.14
	

	TS 25.461
	8.2.2.15
	

	TS 25.466
	8.2.2.16
	

	TS 37.104
	8.2.3.1
	

	TS 37.113
	8.2.2.2
	

	TS 37.141
	8.2.2.3
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