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1. Introduction

The work item LTE_1670_FDD_US, “LTE in the 1670-1675 MHz Band for the United States”, was approved at 3GPP TSG RAN#55 [2]. The objective of this work item was to add 1670-1675 MHz DL duplexed with 1646.7-1651.7 MHz UL to the appropriate 3GPP core specifications for LTE FDD networks. Little technical analysis has been conducted in the context of 3GPP RAN4 working group.
This discussion paper provides the proposal for expanding the band to 10 MHz bandwidth, i.e. 1670-1680 MHz. This contribution provides background information on the key regulatory aspects relating to the use of the entire 1670 MHz to 1680 MHz band for downlink transmission, as well as justification as to why support for this band should be provided in the 3GPP specifications for LTE.
2. Overview of the Proposed  Band Plan
a. LightSquared Existing L-Band

Band 24 (L-Band) is standardized in 3GPP LTE to be deployed by LightSquared in North America. The license from the FCC to deploy ATC in both the upper and lower segments of Band-24 downlink in United States has been suspended for the time being. As a result, LightSquared has not commenced such deployment in this band, and will not use Band 24 downlink until the FCC approves such use, and the NTIA consents. 
LightSquared is authorized by the FCC to use 5 MHz in the 1670-1675 MHz band (CH5 in Figure 1) with RF parameters (described in Section 2.b) suitable for the use of downlink LTE. A nationwide license for use of this 5 MHz contiguous band was granted on April 30, 2003, and expires on October 1, 2013. LightSquared is the authorized lessee of this 1.6 GHz spectrum, the licensee being Crown Castle. The licensee, through LightSquared, must make a showing of “substantial service” in the licensed area before the expiration date.  On October 9, 2012, the licensee submitted a request for a three-year extension of time to meet the substantial service deadline, and awaits a response from the FCC [10].
LightSquared in its September 28, 2012 proposal to the FCC [8, 9] has sought 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. LightSquared’s proposal is uniquely suited to protecting the integrity of essential government operations in the 1675-1680 MHz band.  LightSquared plans to combine its 5 MHz band at 1670–1675 MHz, which is licensed nationwide for terrestrial wireless, with the adjacent 5 MHz band at 1675–1680 MHz, which will be shared with existing federal government users.  The FCC has yet to indicate whether it will approve LightSquared's proposal. Figure 2 depicts the potential LightSquared spectrum holding assuming this proposal is accepted by the FCC.
b. 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. 
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                                                 Figure 1: LightSquared Spectrum Holding

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. The uplink choices are discussed in Section 3. 
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Figure 2: Potential LightSquared Spectrum Holding 

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 [1]. For economic reasons, Modeo service was abandoned by Crown Castle and the spectrum was leased to LightSquared. 
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 Figure 2: LightSquared Spectrum holding and their Neighbours
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.
c. Power Limits and Coordination for 1670-1675 MHz
i. Base Stations and Mobile Stations

Pursuant to Section 27.50(f) of the Commission’s rules [2], 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. 

Crown Castle International Corporation sought and received in FCC Order FCC 07-16 [1] waiver of Section 27.50(f) of the Commission’s rules [2], which specifies a peak 2 kW EIRP limit for fixed and base station operations in the 1670-1675 MHz band. The FCC granted Crown Castle’s waiver request for high-power operations and under certain conditions, as explained immediately below and in sub-section (iii). 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 [1]). 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. This includes the terminal’s antenna gain.  

ii. 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 emission bandwidth of the fundamental emission of the transmitter, provided the measured energy is integrated over a 1 MHz bandwidth.

iii. Coordination

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 in this band [3].  Section 1.924(g) (1) of 47 C.F.R. 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 express FCC requirement establishing a coordination zone for these additional earth stations. The coordination zone for Wallops Island and Fairbanks, respectively, is a specified location bounded by a circle with a radius of 100 km (62.1 miles), 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 [1], where the transmission power is greater than 2 kW (i.e., high power), the radius of the circle for the coordination zone surrounding Fairbanks increases to 180km 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 the six locations. The Greenbelt location functions as a back-up facility and must be protected only when it is active.

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. Section 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.
2. Radio Astronomy Services

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 (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 limited to 2 kW EIRP, as per FCC rules for the 1670 – 1675 MHz band [3]. 

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

Footnote US74 of [3] stating “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 US311 of [3] lists the location of RAS sites that are afforded protection under this provision. Please refer to [3] for the list of those sites, and few areas where FCC rules creates a coordination zone around the RAS facilities, and requires that separate station applications be filed and approved before 1670-1675 MHz sites can be operated within those zones.
3. 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 have an approximate 250mW 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. 
d. Potential 1675-1680 MHz Band
The 1675-1680 MHz band currently is allocated on a primary basis for both non-Federal and Federal use by Meteorological Aids (MetAids) and the Meteorological-Satellite (MetSat) Services; it is not allocated for terrestrial mobile service [2]. LightSquared’s Modification Applications [8, 9] recognize that its proposed use of 1675-1680 MHz may require appropriate adjustments to the Commission’s rules in order to facilitate the prompt processing and grant of those applications. On November 2, 2012 LightSquared filed a petition for rulemaking with the FCC requesting that the Commission add a new primary allocation permitting terrestrial mobile use of the 1675-1680 MHz band [11]. 

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 [5], and 2) Data Collection Platform Report (DCPR) on future GOES-R satellites [6]. While locations for both SD and DCPR are known based on NTIA’s report [7], currently there are no rules specifying protection zones around these sites. 
The 1675 – 1680 MHz band also overlaps with NOAA channels 1 (1676 MHz) and Channel 2 (1678 MHz) used for MetAids (Radiosonde) operations in the Continental United States (CONUS). Currently, there are 71 Radiosonde receive stations in the CONUS [12]. MetAids (Radiosondes) services are defined by ITU within the following spectrum bands: 400.15-406 MHz and 1668.4-1700 MHz [13].
3. Pairing 1670-1680 MHz with Band 24 UL
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Figure 3: LightSquared Proposed Band
LightSquared is proposing to pair the 10 MHz DL channel at 1670-1680 MHz with the existing Band 24 UL channel(s) (1627.5-1637.5 MHz, and/or 1646.7-1656.7 MHz), as depicted in Figure 3. The choices under study are pairing H and F, H and G, or using a variable duplexing scheme allowing both pairings H-F and H-G. The distance between the UL and DL edges of the proposed band is could be as small as 13.3 MHz (1670-1656.7=13.3 MHz), and the pass-band is 10 MHz, with a duplex distance of either 23.3 MHz or 42.5 MHz, depending on selected pairing option. These requirements may be challenging but are not without precedence in 3GPP RAN4.  For example, the lower duplexing distance requirement is close to the minimum duplex distance of 30 MHz for Bands 12-14 and 17; transition band as low as 15 MHz for Band 25, and 10 MHz for Band 8 have been adopted in 3GPP RAN4. In designing the RF sections for this band, we need to consider the following issues:
a) Potential 1670-1680 MHz receiver desensitization due to UL TX noise. 
b) Potential device receiver overload due to its own UL TX power.
c) Interference management in co-existence with band 24.
The UE Rx filter in the duplexer (pass-band of 1670–1680 MHz) has to sufficiently attenuate uplink transmissions from the 10 MHz of CH4 in Fig. 1 (1646.7-1656.7 MHz), at a separation of 13.3 MHz from the downlink.  If paired with the upper UL L-Band, the UE TX filter in the duplexer (pass-band of 1646.7-1656.7 MHz) must sufficiently suppress adjacent channel emissions into the downlink band, from an emission 13.3 MHz away.  These demanding rejection requirements of the duplexer might impact the insertion loss of both TX and Rx filters. 

Due to the proximity of this proposed downlink spectrum with band 24 uplink, the co-existence issues between these two bands have to be studied.

Summary
This contribution has discussed RAN4 requirements that would propose modifying the existing work item LTE-FDD_1670_US to a new band containing 1670-1680 MHz downlink paired with the existing band 24 UL to deploy standards based LTE technology in the United States. The device RF and duplexer design must take the potential 13.3 MHz duplexing gap, and the co-existence issues between this proposed band, and band 24 into account.
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