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Introduction
A proposal [1] to reuse Band n77 for the US C-band was agreed in the previous meeting.  This contribution discusses how a Band n77 UE meets FCC requirements for operation in the 3.7 – 3.98 GHz frequency range without impacting legacy n77 devices operating in legacy n77 networks.  No new NS values or additional spurious emission requirements above those already met by an n77 UE are needed to enable operation in the US.
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.  
To enable a Band n77 device to operate in the US C-band, the FCC requirements must be met.  A study of the FCC rules [2] reveals the following points of interest
1. Power levels,
2. Out-of-band emissions and SEM,
3. Protection of incumbent FSS earth stations,
4. Protection of TT&C earth stations,
5. Coexistence with aeronautical radionavigation (radio altimeters), and
6. Coexistence with CBRS.
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.  To convert from conducted power to EIRP, the conventional assumption is a UE with 0 dBi isotropic antenna gain.  Thus, the existing power classes PC3 and PC2 for Band n77 are suitable for US C-band operation.
Observation:  PC3 and PC2 power classes for Band n77 are suitable for US C-band operation.
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 either 1% of the emission bandwidth or 350 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 50 MHz and larger, the 3GPP SEM transitions to -24 dBm/30 kHz while the FCC mask is -13 dBm/350 kHz.  The two are nearly the same when normalized to the same bandwidth, but the 3GPP requirement is slightly more stringent after scaling and because the 3GPP requirement is measured over a narrower measurement bandwidth of 30 kHz compared to 350 kHz.
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.
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.
Proposal:  3GPP SEM for Band n77 is compatiable with the FCC emission mask.  No modification is needed for SEM.
Protection of FSS earth stations
To protect incumbent earth stations from out-of-band emissions, the power flux density (PFD) of any emissions within the 4000-4200 MHz band must not exceed -124 dBW/m2/MHz as measured from the earth station antenna.  In the event of early clearing of the lower 100 MHz, i.e., 3700 – 3800 MHz, the limit will apply to all emissions within the 3820 – 4200 MHz band.  In other words, there is always a 20 MHz guard band between the mobile uplink and the protected FSS receiver frequency range.  The PFD limit was computed by the FCC with assumptions on FSS antenna gain, interfere-to-noise tolerance, noise figure, and aggregated interference dominated by a single interferer.  Thus, the PFD requirement applies to a single UE transmitter.  Converting the PFD to a conducted requirement at the UE antenna port assuming an isotropic 0 dBi antenna, the requirement as a function of distance from UE to FSS receiver is shown below 
	Distance (m)
	10
	45
	800
	3200

	PFD (dBW/m2/MHz)
	-124
	-124
	-124
	-124

	Spurious emissions (dBm/MHz)
	-63
	-50
	-25
	-13



Since the protected frequency range, either 3820 – 4200 MHz or 4000 – 4200 MHz, is inside of the passband of the Band n77 filter, there is no filter rejection available to help meet the spurious emission requirement.  At 20 MHz offset from the channel edge, the SEM is -25 dBm/MHz for 20 MHz and smaller channels and -13 dBm/MHz for wider channels.  Thus, the separation between UE and FSS could be between 800 to 3200 meters depending on the Band n77 channel bandwidth to meet the PFD requirement.  Depending on the location of the FSS receiver and the deployed Band n77 cell, physical separation is the simplest and most effective means to achieve the PFD requirement.  For devices in closer proximity to the FSS receiver, transmit power backoff is another possibility to reduce the spurious emissions and PFD.  However, since transmit power backoff impairs the uplink link budget (the A-MPR is expected to be large), this option should be avoided.  Instead, a better solution is using conventional planning and deployment techniques for interference mitigation and if necessary for the n77 operator and FSS operator to resolve any interference problem in a bilateral manner without the imposition of emission requirements and the involvement of standards.  The FCC writes “We adopt here specific criteria for the protection of the incumbent FSS earth stations but acknowledge the possibility of private negotiations that depart from these limits.”  For example, the PFD requirement was chosen for its simplicity but does not account for antenna gain patterns and angle-of-arrival of interference.  It is quite possible that the FSS antenna is pointed upwards and therefore experiences little to no actual interference from a UE on the ground in a null of the antenna pattern even if the separation from UE to FSS is such that the PFD limit is exceeded.  These situations are too complex to be handled by FCC regulations and 3GPP requirements and are best left to case-by-case resolution by the affected stakeholders.  
An in-band PFD limit of -16 dBW/m2/MHz is also required by the FCC to protect the FSS receiver against blocking.  However, this requirement is not expected to be limiting since for PC2 transmit power levels, the UE must be transmitting at full power within 2 meters from the FSS receiver to generate this much flux density.  
Proposal:  No new additional spurious emission requirement for Band n77 is needed to address the protection of FSS earth stations.
Protection of TT&C earth stations
The FCC rules do not specify emission requirements to protect TT&C earth stations.  Rather, it is expected that coordination between C-band and TT&C operators will resolve interference problems within a distance of 70 km.  A PFD limit of -16 dBW/m2/MHz is also required to protect against receiver blocking but as described above is inconsequential.  Therefore, no specific 3GPP requirements for the protection of TT&C is needed.
Observation:  It is expected that coordination between C-band and TT&C operators will resolve interference problemsm if any, within a distance of 70 km.
Coexistence with aeronautical radionavigation
Radio altimeters operate in the frequency range from 4200 – 4400 MHz.  3GPP has previously discussed coexistence with radio altimeters, for example in [3], when Band n77 and n78 were first defined.  Ultimately, 3GPP did not define an emission requirement to protect radio altimeters based partially on study results from MIC in Japan.  It was found that there was insufficient justification to add a radio altimeter emission requirement at least in Rel-15 and so far, no further proposals have been made for Rel-16.  As recently as last meeting, a Way Forward [4] was agreed not to define a 3GPP requirement for protection of radio altimeters in 4200 – 4400 MHz for Bands n77, n78, and n79.  For the C-band, there is a much larger frequency guard band from the radio altimeter band.  The FCC’s found that the technical rules on power and emissions limits along with 220 MHz of guard band should offer all due protection to services in the 4.2 – 4.4 GHz band.  Therefore, no specific 3GPP requirement for the protection of radio altimeters is needed.
Proposal:  The previous agreement not to introduce a 3GPP requirement for protection of radio altimeters in 4200 – 4400 MHz is maintained for Band n77 in the US.
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 below the C-band at 3550 – 3700 MHz.  Because of the common boundary at 3700 MHz, there is no guard band between the two and it can be expected that there exists the potential for mutual interference.  The FCC does not impose any additional spurious emission requirements in either direction, nor does it expect a dynamic spectrum management entity to coordinate between the two bands.  The FCC does mention synchronization as a means to coexistence and maximize efficiency stating “we encourage parties to explore synchronization of TDD operations to minimize interference between these adjacent services.”
Therefore, no additional spurious emission requirements for either Band n48 or Band n77 are required from a regulatory perspective.  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.  
One example of UE coexistence between adjacent TDD bands is NS_22 and NS_23 for Bands 42 and 43 in the LTE specifications TS 36.101.  Band 42 and Band 43 share a common boundary at 3600 MHz.  For deployments between these two bands where it was envisioned that synchronization would not be possible, 3GPP attempted to define specifications to allow operation with guard bands, reduced emission protection limits, and A-MPR.  For these LTE bands, the applicable bandwidths were 5, 10, 15, and 20 MHz.  The futility of an RF-based solution is evident in the NS_22 and NS_23 requirements.  The emission protection limits are reduced to -23 dBm/5 MHz for frequencies closest to the 3600 MHz boundary.  Even with this relaxed emission protection limit, a guard band of 17 MHz is needed for a 20 MHz channel before the requirement applies.  Alternatively, with a reduced guard band of 5 MHz, the relaxed requirements is met but with up to 5 dB A-MPR.  Finally, in spite of guard bands, relaxed emission requirements, and A-MPR, there is still a note “This emission limit might imply risk of harmful interference to UE(s) operating in the protected operating band” in the specification suggesting that even with all of the drawbacks, coexistence is not ensured.  It is our understanding that NS_22 and NS_23 have never deployed in an actual network.  
For NR, the 3GPP mechanisms are expected to be even less effective than NS_22 and NS_23 described above.  Since NR supports wider bandwidths and since these wider bandwidths are expected to be of interest especially in Band n77, the required guard bands would be even larger.  Moreover, since spectrum in these bands is generally divided in 20 MHz increments, operational guard bands would most likely also be in increments of 20 MHz.  Therefore, the specification of UE coexistence emissions requirements to enable coexistence between devices operating in Band 48 or n48 and Band n77 is not a viable solution.  Synchronization to align uplink and downlink timing across and within the two bands is the most effective solution if coexistence is a problem.  Other deployment-specific techniques of co-location, physical separation, antenna downtilting, frequency handover, etc. can also be part of the solution but are outside the scope of 3GPP specifications.
Proposal:  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
While the FCC does not specifically call out coexistence with other bands, as mentioned above 3GPP has conventionally required UE-UE coexistence between bands expected to be deployed in the same country or region.  With the exception of Band 48, the relevant bands for the US include 
E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 25, 26, 27, 29, 30, 41, 53, 66, 70, 71, 85
where Bands 5, 26, and 41 are already included in the existing Band n77 requirements.  It is not expected that the introduction of a -50 dBm/MHz requirement to protect these US bands will be problematic for an n77 UE.  The most challenging band is Band 41 but it has already been included in Band n77 requirements since the band was first defined.  At the same time, mutual coexistence needs to be added.  In other words, these bands should also protection Band n77.
Proposal:  It is proposed to add -50 dBm/MHz UE coexistence requirement to Band n77 for the protection of E-UTRA Bands 2, 4, 10, 12, 13, 14, 17, 24, 25, 27, 29, 30, 53, 66, 70, 71, 85 and CA or DC combinations thereof.
A number of bands have the potential for uplink harmonic interference and are therefore not required to meet -50 dBm/MHz, but instead -30 dBm/MHz.  The affected bands are listed below up to 5th order
	Band
	UL harmonic order

	2
	2

	4
	2

	5
	4, 5

	10
	2

	12
	5

	13
	5

	14
	5

	17
	5

	24
	2

	25
	2

	26
	4, 5

	27
	5

	29
	-

	30
	-

	41
	-

	53
	-

	66
	2

	70
	2

	71
	5

	85
	5



Conclusion
This contribution discusses the FCC regulatory requirements for mobile operation in the US C-band and how these can be accommodated by 3GPP Band n77 UE specifications.  In summary, the only required modification to Band n77 UE specifications is the addition of UE coexistence requirements to protect US bands.  It is described that power level, emission mask, and spurious emission requirements can be met with existing Band n77 requirements.  Protection of FSS receivers above the C-band and CBRS systems below the C-band are also discussed.  In the case of FSS receivers, it is proposed that no new spurious emission requirement is imposed on the Band n77 UE to meet the PFD requirement since there are many other parameters, such as distance and antenna pattern, beyond the conducted emissions that will ultimately influence whether the FSS receiver experiences interference from a Band n77 UE.  For coexistence with CBRS, previous studies have shown that RF-based solutions are costly in terms of spectrum efficiency and link budget, yet still do not ensure coexistence.  Solutions based on deployment methods and especially synchronization are recommended instead.
The following observations and proposals have been made in this paper.
Observation 1:  PC3 and PC2 power classes for Band n77 are suitable for US C-band operation.
Proposal 1:  3GPP SEM for Band n77 is compatiable with the FCC emission mask.  No modification is needed for SEM.
Proposal 2:  No new additional spurious emission requirement for Band n77 is needed to address the protection of FSS earth stations.
Observation 3:  It is expected that coordination between C-band and TT&C operators will resolve interference problemsm if any, within a distance of 70 km.
Proposal 3:  The previous agreement not to introduce a 3GPP requirement for protection of radio altimeters in 4200 – 4400 MHz is maintained for Band n77 in the US.
Proposal:  It is proposed that no additional spurious or UE coexistence emission requirements are specified between Band 48 (n48), Band 49, and Band n77.
Proposal:  It is proposed to add -50 dBm/MHz UE coexistence requirement to Band n77 for the protection of E-UTRA Bands 2, 4, 10, 12, 13, 14, 17, 24, 25, 27, 29, 30, 53, 66, 70, 71, 85 and CA or DC combinations thereof.
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