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Background
This document provides background and technical details in support of a new work item (WI) to modify Band 24, support NB-IoT, eMTC and development new NR bands related to Band 24 spectrum blocks.
Band 24 was specified in 2011 for use within North America as part of 3GPP Release 10.  However, in 2012, the FCC sought public comment on taking action to temporarily suspend the company’s authorizations to deploy an ancillary terrestrial network (ATC) component due to concerns that terrestrial operations in the Ligado spectrum band could result in harmful interference to GPS receivers from neighboring operations in the Radionavigation-Satellite Service (RNSS) allocation.
The FCC voted 5-0 to unanimously approve Ligado’s L-Band License Modification and released the written Order [1] on April 22, 2020. The FCC’s technical findings and modifications were based on i) comprehensive testing information submitted over the 2016 to 2020 time period and ii) agreements that Ligado reached with GPS receiver manufacturers.
The updated regulatory power and emission limits in the Order [1] necessitate modifications to the 3GPP Band 24 specifications within RAN4.  Moreover, during the pendency of the FCC’s consideration on Ligado’s ATC authorizations, Ligado had refrained from submitting requests to specify Band 24 for NB-IoT/eMTC and NR. With Band 24 regulatory issues resolved, in order to expedite the implementation of our business plan, Ligado proposes that in parallel with the Band 24 modifications, 3GPP RAN4 initiate work related to the development of the specifications for NB-IoT/eMTC and NR for Band 24. A new work item (WI) is proposed to initiate (1) the modification of Band 24 specifications to comply with the new regulatory limits and to support NB-IoT/eMTC and (2) the NR specification work related to the Band 24 spectrum blocks.

Discussion
Current Band 24 Overview
Figure 1 depicts the current 3GPP Band 24 specification spanning 1525 – 1559 MHz on the DL and 1626.5 – 1660.5 on the UL.  
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Figure 1: 3GPP Band 24

It comprises of two paired 10 MHz channels, with a Tx/Rx spacing of -101.5 MHz:
a) 1526 – 1536 MHz DL paired with 1627.5 – 1637.5 MHz UL
b) 1545 – 1555 MHz DL paired with 1646.5 – 1656.5 MHz UL
Regulatory Updates for Terrestrial Operations in Band 24

As per [1], Ligado will not deploy Base Stations transmitting in the 1545 – 1555 MHz channel.  Additionally, both the Base Stations and User Equipment will adhere to new power and emission limits specified in Figure 2. 
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Figure 2: Updated power and out of band emission rules for the 1526 – 1536 MHz DL channel and Band 24 UL channels

For Base Station:
· Downlink channel from 1545 – 1555 MHz will not be used for terrestrial operations.  
· Base Station transmit EIRP on downlink channel 1526 – 1536 MHz will be limited to 9.8 dBW.
· The wideband OOBE emissions limits for 1526 – 1536 MHz DL channel:
· 1541-1559 MHz: -85 dBW/MHz,
· 1559-1610 MHz: -100 dBW/MHz
· 1610-1650 MHz: -85 dBW/MHz
· The narrowband emission limits for 1526 – 1536 MHz DL channel:
· 1541-1559 MHz: -112 dBW/2 kHz
· 1559-1610 MHz: -110 dBW/700 Hz
· 1610-1650 MHz: -95 dBW/700 Hz
· .
For User Equipment:
· The maximum EIRP limit for UL channels: -7 dBW
· The wideband OOBE emissions limits:
· -105 dBW/MHz or less between 1541 – 1608 MHz
· A linear ramp from -105 dBW/MHz to -100 dBW/MHz between 1608 – 1610 MHz
· A linear ramp from -100 dBW/MHz at 1610 MHz to -67 dBW/4kHz at 1627.5 MHz
· -58 dBW/4 kHz at a 1 MHz offset from edge of 1646.5-1656.5 MHz band
· -67 dBW/4kHz at 1627.5 MHz
· The narrowband emission limits:
·  A linear ramp from -44 dBW/700 Hz at 1625 MHz to – 110 dBW/700 Hz at 1610 MHz between 1625 – 1610 MHz
· A linear ramp from -110 dBW/700 Hz at 1610 MHz to -115 dBW/700 Hz at 1608 MHz between 1610 – 1608 MHz
· -115 dBW/700 Hz between 1608-1559 MHz
· -132 dBW/2 kHz between 1559 – 1541 MHz
Figures 3 and 4 compare new the DL and UL emission limits specified in [1] to the old limits.
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Figure 3: Old and New wideband emission limits for Band 24 Base Stations

[image: ] 
Figure 4: Old and New wideband emission limits for Band 24 User Equipment
For period ending Dec 16, 2020 ([1], [4]), the maximum EIRP for the lowest five megahertz of this spectrum—that is, 1627.5-1632.5 MHz—will ramp up from -31 dBW at 1627.5 MHz to -7 dBW at 1632.5 MHz before becoming subject to the -7 dBW limit for the entire segment.
Analysis and Potential Band 24 Modifications
Given that there is no existing network deployment using Band 24, Ligado believes that modifying current Band 24 specifications rather than creating a new Band is the most effective and efficient way forward.  
As for the modifications anticipated to the Band 24 specification, there are potentially three areas.
Modification 1: Base Station Power and Emission Limits
Per the  FCC’s April 2020 Order, the Band 24 base station the emission limits for the 1526 – 1536 MHz channel have been modified.  This needs to be reflected in the updated Band 24 specification. This can be addressed by updating the reference to the FCC order in TS 36.104.   
Note that although the 1545 – 1555 MHz channel is no longer authorized by the FCC for  terrestrial base stations, the regulations do allow for satellite operation in this frequency range.
The updated rules impact only the transmitter specifications.  As a result, no modifications are expected to the Base Station receiver specifications.
Modification 2: User Equipment Power and Emission Limits
Band 24 does not require any A-MPR constraints to meet the existing emission limits specified for UE in 1627.5 – 1656.5 MHz.    
However, new rules have made the emission requirements for the UE stricter by 10 dB in the RNSS band and is also stricter in other adjacent band regions as shown in Figure 4.  This necessitates a review of the current transmission specifications for the UE, and if necessary, specify A-MPR and network signaling to ensure compliance with the out of band emissions limits specified in [1].  Depending on the filter analysis, it may necessitate modification to the receiver reference sensitivity.
Given that the temporary uplink power levels limits between 1627.5 – 1632.5 MHz expire December 16, 2020 and since the proposed modifications are estimated to complete in March 2021, no additional modifications are envisioned.   
The maximum transmit power for the user equipment will be -7 dBW, and therefore no modifications are required to the Band 24 UE maximum transmit specification.
Modification 3: 2 Tx/Rx Spacing for Band 24
One of the conditions laid out in the FCC order is to not use 1545 – 1555 MHz DL spectrum for terrestrial operations, thereby stranding the use of the 1646.5 – 1656.5 MHz UL spectrum as currently defined by Band 24.  Ligado is internally investigating the best use of the 1646.5 – 1656.5 MHz.  One potential area that is being investigated is the pairing of 1646.5 – 1656.5 MHz or portion thereof with spectrum in the 1670 – 1680 MHz range.  As depicted in Figure 5, Ligado currently holds the authorization to use the 1670 – 1675 MHz spectrum for DL transmission.  In addition, FCC has requested comments [2] on the use of 1675 – 1680 MHz spectrum, currently allocated for metrological satellite service, for flexible (mobile or fixed) use on a co-primary basis.  
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Figure 5: Proximity of 1646.5 – 1656.5 MHz to 1670 – 1675 MHz
Depending on the FCC’s timeline for finalization of the order related to 1675 – 1680 MHz, Ligado will submit in the future either (1) a new work item for a 5+5 MHz band (if the final order is not published over the next 3 to 6 months) or (2) a 10+10 MHz, pairing the UL portions of Band 24 with either the 1670 – 1675 MHz or 1670 – 1680 MHz.  The duplex gap between the 1670 MHz DL and the 1656.5 MHz UL may not be sufficient to ensure adequate Tx/Rx isolation for this new band, and the DL may have to be paired with the lower UL channel (1627.5 – 1637.5 MHz).  In order to accommodate such a scenario during the future new band definition, similar to Band 70, two Tx/Rx spacing for Band 24 can be specified: -101.5 MHz for pairing of 1526 – 1536 MHz with 1627.5 – 1637.5 MHz and -120.5 MHz for pairing of 1526 – 1536 MHz with 1646.5 – 1656.5 MHz.  Specifying two alternative Tx/Rx spacings will ensure that  modified Band 24 does not have to be revisited in the event that the narrow duplex spacing between 1646.5 – 1656.5 MHz and 1670 – 1680 MHz is found unacceptable from a performance perspective; the option of pairing 1670 – 1680 MHz with 1627.5 – 1637.5 MHz would be available.
Proposal
Proposal 1: Given that there is no existing network deployment using Band 24, it is proposed that Band 24 specifications be modified to bring it in compliance with the FCC’s modified emission limits and to introduce another Tx/Rx spacing.  
Proposal 2: Due to the need to perform AMPR simulations, it is proposed that the modification be addressed through a new work item rather than the CR process.  A new WID is presented in [3] for information.  
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