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1. Introduction

This discussion paper provides information regarding the 1670-1675MHz band in the United States. The contribution provides background information on the key regulatory aspects relating to the band and justification as to why support for this band should be provided in the 3GPP specifications for LTE.
2. Overview of the LightSquared Band Plan
Band 24 (L-Band) is standardized in 3GPP LTE to be deployed by LightSquared in North America. LightSquared continues to hold a license from the FCC to deploy ATC in both the upper and lower segments of the Band-24, but will voluntarily hold off deploying in the upper segment until the FCC approves, and NTIA consents with such deployment. Consequently, LightSquared is planning to start its band 24 deployments in lower segment of L-Band initially. 

In addition, LightSquared has acquired additional 5MHz from 1670-1675MHz (CH3 in Figure 1). A nationwide license for using 5 MHz contiguous band of 1670-1675 MHz spectrum has been granted. The Licensee currently licenses the 1.6 GHz Spectrum pursuant to a license from the FCC granted on April 30, 2003, which expires on October 1, 2013. FCC Rules allow 2000 Watts EIRP from Base Station, and 4 Watts EIRP from Mobile (CFR Title 47 §27.50(f)). 
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                                                 Figure 1: LightSquared Spectrum Holding

FCC has not mandated on which direction the spectrum transmit path must travel (Forward or Reverse Link). The FCC leaves that up to the operator’s discretion. Acceptable access techniques include both FDD and TDD technologies, provided the relevant FCC transmitter emissions and other regulatory and RF requirements are met. However, LightSquared aims to use the spectrum in downlink direction to enhance its downlink capacity. 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. 
This band was formerly operated by Crown Castle, who had planned to use this band to broadcast nationwide DVB-H mobile video, called Modeo, to wireless handsets with at least 10 video channels and 24 audio channels. Crown Castle had coordinated with FCC to meet the criteria required for allowing high power stations to operate. This is based on the FCC certification granted for the spectrum auction Tribal Lands Bidding Credits Coordination requirements with Government sites listed in Footnote US211 & US362 set forth in 47 C.F.R. § 2.106. However, LightSquared is not planning to operate at these higher power levels for any potential LTE services.
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                                   Figure 2: LightSquared Spectrum holding and their Neighbours
3. 1670-1675 MHz Power Rules
a. Power Limits and Co-ordinations
FCC Order FCC 07-16 [1] addresses a request filed by the previous owner of the 1670-1675MHz Spectrum, Crown Castle International Corp. seeking waiver of Section 27.50(f) [2] 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. This order has allowed the fixed and base station operations to transmit up-to 2KW/MHz which is equivalent to 33dBW/MHz or 63dBm/MHz) peak EIRP. Moreover, this order has permitted fixed and base station operations to transmit with a power limit of 4 kW/MHz (which is equivalent to 36dBW/MHz or 66dBm/MHz) peak EIRP in non-rural, and 8 kW/MHz (which is equivalent to 39dBW/MHz or 69dBm/MHz) peak EIRP in rural areas only in 30 Cellular Market Areas (CMAs) specified in Crown Castle’s Initial Market Deployment Plan (identified in [1]). All these power limits include the transmit antenna gains. Note that, based on FCC 07-16 any power level above 2KW/MHz is defined as high power transmission. This approach would enable the company to operate its proposed 5-MHz bandwidth DVB-H technology at up to 20 kW and 40 kW peak EIRP in non-rural and rural areas, respectively.
Although the 1670-1675 MHz band has been generally unencumbered, there are three vital federal Geostationary Operational Environmental Satellite System (GOES) earth stations in the 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. The Wallops Island and Fairbanks zones are each bounded by a circle with a radius of 100 kilometers (62.1 miles), while the Greenbelt zone is bounded by a circle with a radius of 65 kilometers (40.4 miles). 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 FCC and obtain an individual station license, prior to construction or operation of any station. 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.
National Weather Service Radiosondes (NWS) operates radiosondes in 1675-1680MHz 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. So, to address the potential interference, any operation in 1675-1685MHz is required to coordinate with NWS, if the base station is planning to transmit high power (more than 2 kW (33dBW or 63dBm) EIRP) within 1.3 kilometers of any NWS Upper Air Site. 

Radio Astronomy Service (RAS) also operates at two of the four hydroxyl line frequencies, namely 1665 and 1667 MHz. To protect RAS, any high power (above 2KW EIRP) operation in 1670-1675MHz within 185 kilometers radius of RAS facilities is obligated to co-ordinate with them. This co-ordination is required to consult with NSF point of contact 30 days prior to the start of operations. 

However, it is essential to understand that LightSquared is not planning to operate above 2KW EIRP in this band. 
b. OOBE Limits
In addition to all co-ordination and power limit requirements stated in previous sub-section, the operation in 1670-1675MHz is mandated to meet the following Out-Of-Band Emission (OOBE) limits. 
As per 47 CFR §27.53(k), the power of any emission outside 1670–1675 MHz band, shall be attenuated below the transmitter power (P) by at least 43 + 10 log (P) dB. Compliance with these provisions 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. 
4. Pairing 1670-1675MHz by Band 24 UL
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Figure 2: LightSquared Proposed Band
LightSquared is proposing to pair the 5MHz at 1670-1675MHz with the lower half of unused Band 24 upper UL channel (1646.7-1651.7MHz), as depicted in Figure 3. The distance between the UL and DL edges of the proposed band is 18.3MHz (1670-1651.7=18.3MHz), and the Pass-band is 5MHz, with a duplex distance of 23.3 MHz, close to the minimum duplex distance of 30MHz for Bands 12-14 and 17. Transition as low as 15MHz has been adopted on band 25 duplexer in 3GPP RAN4. Consequently, in designing the RF for this band, we need to consider the following problems:
a) Potential receiver desensitization due to UL TX noise. 

b) Interference from band 24 UEs to the UEs using this band.
The UE Rx filter in the duplexer has to eliminate uplink transmissions located from the lower 5MHz of CH4 in Fig. 1 (1646.7-1651.7MHz), at a separation of 18.3 MHz from the downlink.  The UE TX filter in the duplexer must also suppress emissions into the downlink band, from an emission 18.3MHz away.  These additional rejection requirements imposed on the duplexer might impact the insertion loss of both TX and Rx filters. Moreover, we might need to increase the Tx-Rx separation or isolation to avoid increasing Rx band noise, emanating from the uplink. Without any new hardware design, this might impact the DL receive sensitivities (PREFSENS) for the worst case scenario, appropriately. With the worst case transmission (23dBm at 25PRBs), the expected OOBE from 5MHz band 24 UL at 18.3MHz offset is -127dBm/Hz. If we assume 50dB Rx isolation, the noise in the RX band is -127dBm/Hz -50dB=-177dBm/Hz. When added to the -174dBm/Hz thermal noise, the Rx noise floor is increased to -172.24dBm/MHz.  This is equivalent to an Rx noise of -172.24dBm/Hz + 60 + 10 x log(4.5) =-105.71dBm at CH5. With a noise figure of 9dB, diversity gain of 3dB, coupling loss of 0.5dB, implementation margin of 2dB and assuming QPSK with rate 1/3, the sensitivity becomes -98.24dB, which represents 1.76dB degradation, compared to band 24 UE PREFSENS.
In order to manage the interference from band 24 UEs (CH3 in Fig. 1) to the UEs receiving DL signal at CH5, the OOBE from B24 into CH5 also needs to be reduced. With the worst case transmission (23dBm at 50 PRBs), and 1m UE-to-UE distance, the expected OOBE from 10MHz CH3 band 24 UL at 32.5MHz (1670-1637.5) at the receiver port is -156dBm/Hz, considering 36.6dB path loss and no attenuation from B24 duplexer at CH5. If a new OOBE limit is needed for band 24 UEs to protect the receivers at this band, new Network Signaling (NS) could also be devised. 
Summary
This contribution has discussed RAN4 requirements that would propose a new band to deploy standards based LTE technology in the 1670-1675MHz downlink paired with the lower 5MHz of band 24 upper UL channel in the United States. The device RF and duplexer design must take the 18.3MHz Duplexing gap, and the possibility of interference from band 24 UEs in the 1670-1675MHz band into account.
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