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Introduction
The FCC has recently released a Second Report and Order [1] establishing technical rules for cellular 5G operation in the 3450 to 3550 MHz frequency range for the US.  This contribution reviews the pertinent requirements and maps them to 3GPP specification for Band n77 in a similar manner as was agreed in [2] for the US C-band.
Discussion
Band n77 is a TDD band from 3300 – 4200 MHz defined at the very beginning of Rel-15 NR specifications.  Its frequency range is a superset of NR Bands n78 and n48 as well as LTE Bands 42 and 48 so it is often regarded that all three bands can share common RF front-end hardware (antenna, PA, filter, switchplexers, ports) in a UE for maximum efficiency of implementation on increasingly crowded designs.  Band n77 is not presently defined with any NS associated with it, other than the default NS_01.  In [2] it was documented how to map the requirements for the US C-band from 3700 to 3980 MHz into 3GPP Band n77.  Consequently, a CR was agreed [3] to add the necessary coexistence requirements and a note indicating the applicable frequency range for the US to allow Band n77 to support the US C-band.  To do the same for the new 3450 – 3550 MHz frequency range, the following aspects from the FCC’s R&O [1] are considered
1. Power levels,
2. Out-of-band emissions and SEM,
3. Protection of CBRS
4. Frequency range applicability
Power levels
The FCC rules allow 1 Watt (30 dBm) EIRP maximum power limit for mobile devices.  Current power classes supported in Band n77 are PC3 (23 dBm) and PC2 (26 dBm) each with upper tolerance of +2 dB.  A PC1.5 (29 dBm) work item is also underway.  To convert from conducted power to EIRP, the conventional assumption is a UE with 0 dBi isotropic antenna gain.  Thus, the existing conducted power classes PC3 and PC2 and future PC1.5 for Band n77 are suitable for US C-band operation.  The equipment manufacturer is obligated to conform to the radiated EIRP requirements.  Depending on his antenna design, not all conducted power classes especially PC1.5 CPE with positive antenna gain may be allowed.
Observation:  PC3 and PC2 power classes for Band n77 and future PC1.5 power class are suitable for US 3.45 – 3.55 GHz operation for conducted power.  The equipment manufacturer is further obligated to ensure that maximum EIRP limits are not exceeded with the power class and antenna design of the device.
Out-of-band emissions and SEM
The FCC rules require emissons to be no more than -13 dBm outside of the channel.  Within the first MHz from the channel edge, the minimum resolution bandwidth is 1% of the emission bandwidth up to a maximum of 200 kHz.  From 1 to 5 MHz from the channel edge, the resolution bandwidth is 500 kHz.  Beyond 5 MHz, the resolution bandwidth is 1 MHz.
The NR general SEM is as follows
Table 6.5.2.2-1: General NR spectrum emission mask
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The emission requirements from 0 to 1 MHz offset from the channel edge is the same -13 dBm/1% between FCC requirements the 3GPP SEM when approximating the emission bandwidth with the channel bandwidth.  The emission bandwidth is slightly smaller than the channel bandwidth which suggests that the 3GPP requirement is slightly more stringent.  For channel bandwidths of 20 MHz and larger, the FCC mask reaches a floor of -13 dBm/200 kHz while the 3GPP SEM continues to drop as the bandwidth increases until it reaches a floor of -24 dBm/30 kHz for channel bandwidths 50 MHz and larger.  Therefore, the 3GPP SEM is the same as the FCC mask for channel bandwidths less than or equal to 20 MHz and becomes more stringent than the FCC requirement for larger bandwidths.
For an offset from 1 to 5 MHz, the FCC requirement is -13 dBm/500 kHz while 3GPP SEM is -10 dBm/1 MHz.  While the two requirements are numerically equivalent when normalized in bandwidth, the FCC requirements is the more stringent requirement since it is to be met over a narrower measurement bandwidth.  For narrowband spurious products less than the measurement bandwidth, it is theoretically possible to pass the 3GPP requirement but still fail the FCC mask.  Lab measurements taken show that the FCC mask is met even for narrowband allocations at the edge of the channel that might give rise to emissions within 500 kHz at the 1 to 5 MHz offset.  Moreover, this is the same mask requirement imposed by the FCC for the US C-band (3700 – 3980 MHz) where it has already been agreed that the 3GPP general SEM used for Band n77 is compatible.
Beyond 5 MHz, the FCC requirement is -13 dBm/MHz while the 3GPP SEM is either -13 dBm/MHz or -25 dBm/MHz or -30 dBm/MHz outside the out-of-band emission domain.  
Therefore, it is concluded that the 3GPP SEM for Band n77 is compatible with the FCC emission mask for the 3450 – 3550 MHz frequency range.
Proposal:  3GPP SEM for Band n77 is compatiable with the FCC emission mask.  No modification is needed for SEM.
Coexistence with CBRS
The US CBRS band, represented in 3GPP specifications as Band 48 and 49 for LTE or Band n48 for NR, resides immediately adjacent to and above the 3.45 GHz spectrum at 3550 – 3700 MHz.  Because of the common boundary at 3550 MHz, there is no guard band between the two and it can be expected that there exists the potential for mutual interference.  The FCC R&O discusses the potential for harmful interference from the 3.45 GHz band into the CBRS band, particularly as an outcome of the asymmetry in basestation transmit power levels between networks operating in the two bands.  The FCC concludes that the interference is manageable through its emission requirements as well as network planning and coordination, including the possibility of TDD synchronization.  Moreover, for UE coexistence, the FCC concludes “the effect of mobile operations in the 3.45 GHz Service on operations in the Citizens Broadband Radio Service should be not be significant.”
Therefore, no additional spurious emission requirements for either Band n48 or Band n77 are required from a regulatory perspective since the 3GPP SEM already conforms to the FCC requirement as described above.  However, 3GPP conventionally defines a UE-UE coexistence requirement of -50 dBm/MHz from one band into the receive frequency range of another band.  It is fully recognized that -50 dBm/MHz is not achievable between bands where there is no guard band separation for filter rolloff.  This is the same situation as the coexistence between CBRS and the C-band where mutual coexistence emissions were not defined.  It is proposed to adopt the same approach for the 3.45 GHz spectrum when using Band n77.
Proposal:  Similar to introduction of 3700 – 3980 MHz, it is proposed that no additional spurious or UE coexistence emission requirements are specified between Band 48 (n48), Band 49, and Band n77.
Other coexistence
Since coexistence between Band n77 and other US bands has already been added to the specification [3], then no further coexistence work is required when including US 3450 – 3550 MHz as part of Band n77.
Observation:  Coexistence between Band n77 and other US bands is already captured in the specifications.
No other coexistence requirements are needed to be included into the 3GPP specifications.
Frequency range applicability
Band n77 ranges from 3300 – 4200 MHz as a global band.  However, the US allocation within this frequency range is restricted.  As described earlier, the CBRS band from 3550 – 3700 MHz is identified separately as Band n48 since its technical requirements are different.  The C-band from 3700 – 3980 MHz, however, follows Band n77 with a note in the operating bands (Table 5.2-1 of 38.101-1, Rel-16) as “In the USA this band is restricted to 3700 – 3980 MHz.”  To enable US 3450 – 3550 MHz, this note needs to be modified.  Two options exist as shown below
[bookmark: _Hlk67657934]Option 1:  “In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz”
Option 2:  “In the USA the Band n77 requirements do not apply over the 3550 – 3700 MHz frequency range”
Option 1 is more precise regarding the exact frequency ranges of Band n77 that are so far available in the US, whereas option 2 is more general by excluding the CBRS band without mentioning the rest of the band.  The advantage of option 2 is that it is more flexible and forward compatible as other frequency ranges within Band n77 become available in the US without the need to modify the note each time.  As a matter of fact, band definitions in 3GPP generally do not include the frequency ranges of applicability for each country where it might be used, but is only singled out for this band because of the different requirements for the CBRS frequency range.  Therefore, it may not be necessary to specify anything further than excluding the CBRS frequency range.  Regulatory restrictions always apply regardless of whether they are captured in 3GPP specifications.  The note is included in the Rel-16 version of the specifications, but bands and their requirements are treated as release independent.
Proposal:  Decide which of two notes should be included into the specification to describe the frequency range applicability for US Band n77.
A CR to implement this change according to option 2 can be found in [4].  If needed, the CR can be revised to implement option 1 instead.
Basestation requirements
The majority of this paper has focused on requirements for the UE.  The FCC R&O also includes requirements on the basestation such as emission mask, transmit power, etc.  However, the 3GPP specification for basestation requirements in 38.104 does not generally include specific regional requirements such as those found in the FCC R&O.  Instead, it is described in 38.104 sub-clause 4.5 “The BS may have to comply with the additional requirements, when deployed in regions where those limits are applied, and under the conditions declared by the manufacturer.”  Thus, no changes were needed to the 3GPP basestation specification to enable 3700 – 3980 MHz in Band n77 for the US and similarly, no changes are needed to enable 3450 – 3550 MHz in Band n77 for the US.  The FCC rules always apply for deployments in the US, even when they are not specifically included in the 3GPP specifications.
Conclusion
This contribution discusses the FCC regulatory requirements for mobile operation in the US 3450 – 3550 MHz frequency range and how these can be accommodated by 3GPP Band n77 specifications.  Similar to the enablement of US 3700 – 3980 MHz C-band, Band n77 can straightforwardly support this usage.  The only required change is a minor modification to the note which describes the frequency range of Band n77 that may (or may not) be used in the US.  Two options are provided for how to modify this note.  This contribution also describes how the FCC’s technical rules are able to be mapped into the 3GPP general requirements for Band n77 without further modification.
A CR to enable the new spectrum as part of Band n77 can be found in [4].
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