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Introduction
In [1] and during subsequent email discussion documented in [2], it has been proposed to include bands n96 and n97 for NR-U in the 6 GHz frequency range.  The FCC has released a report and order [3] finalizing rules for unlicensed operation in the 5.925 – 7.125 GHz frequency range.  This contribution summarizes the implication of FCC rules to band-specific UE RF requirements in Band n97.
Discussion
Previous agreements
The NR-U WID clearly states an objective is to 
specify NR enhancements for a single global solution framework for access to unlicensed spectrum which enables operation of NR in the 5GHz and the 6GHz (e.g., US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof) unlicensed bands taking into account regional regulatory requirements.
In addition, the specific objectives for RAN4 include
Specify new unlicensed band(s) for the 5 GHz and 6 GHz frequency ranges (see Note 1). The band(s) definition should include UL/DL operation.
However, regulations for unlicensed operation in the 6 GHz frequency range have not been finalized.  In Europe, the regulations are not expected to be finalized until December; however, the band is expected to be 5925 – 6425 MHz.  In the United States, the FCC has only recently released its final rules for operation in the frequency range 5925 – 7125 MHz.  Due to the regulatory uncertainty at the time, an agreement was reached in [5] that two bands are to be defined
· Band X:  5925 – 6425 MHz (denoted as Band n96 in [1])
· Band Y:  5925 – 7125 MHz (denoted as Band n97 in [1])
with notes indicating that one or more of these bands may be deprecated in the future as well as the possibility of new bands added.  It was also agreed that a note on RF performance would be needed.  The note on RF performance is a reflection of the understanding that not all RF requirements may be completed in the time frame of this work item.  Subsequent to this agreement, the FCC has released final rules for operation in the Band n97 frequency range.  While the rules are now finalized at least for one region, it may still be a challenge for RAN4 to specify the complete set of RF requirements for the band given how late these rules have arrived in the work item timeline.  The core part of the work item is presently targeted to complete in June 2020 [6] with an extension to October 2020 likely to be needed.  
General and band specific requirements
The majority of the work to define RF requirements for NR-U so far has been general in nature so can apply to any NR-U band including Band n46, n96, and n97.  For example, most requirements such as ACLR, SEM, in-band emissions, EVM, ACS, blocking are all general requirements that are agnostic to band.  Therefore, these requirements can likely be directly applied to Band n97.  However, there are also band-specific requirements needing to be developed particularly for each band.  Channel numbering, sync raster, reference sensitivity, and additional spurious emissions are typically band-specific.  Moreover, other RF-related regulatory requirements such as Tx power level or PSD, frequency ranges also need to be evaluated to be incorporated into specifications.  These band-specific requirements related to additional spurious emissions, Tx power level, frequency ranges are typically specified by network signaling (NS) since not only are they band-specific but they are typically motivated by country or deployment-specific regulations.  Therefore, inclusion of Band n96 and n97 involves confirming that general requirements already defined for NR-U developed under the auspices of Band n46 are applicable to 6 GHz, defining band-specific system parameters for channel raster and sync raster, and defining RF band-specific parameters such as reference sensitivity, power level or PSD restrictions, and additional spurious emissions under NS.  
Channel raster and sync raster
Channel raster and sync raster for Band n96 and n97 are proposed using a similar methodology as for Band n46.  The channel raster is downsampled to 20 MHz resolution aligning as closely as possible to the anticipated WiFi channeling.  Alignment of channel raster greatly simplifies coexistence using energy detection mechanisms between these two technologies envisioned to share this spectrum.  
Channel bandwidth
Channel bandwidths of 20, 40, 60, and 80 MHz have so far been agreed for NR-U in Band n46.  100 MHz channel bandwidth has also been discussed but not yet agreed to be included in Rel-16 specifications.  For Band n96 and n97, the same channel bandwidths can apply.  The FCC rules restrict the maximum bandwidth to be no more than 320 MHz which allows the possiblity to define wider bandwidths in the future and/or to enable uplink carrier aggregation.  While carrier aggregation is currently proposed for Band n46, it is suggested that CA is not added to Bands n96 and n97 in Rel-16 due to the limited available time to complete the requirements.
UE power class
UE power class 5 (20 dBm) and power class 3 (23 dBm) have so far been considered for NR-U.  The FCC rules distinguish maximum output power between Standard Power Access Point, Low Power Indoor Access Point, and Client devices under the control of an access point in the following table.  The AP’s are regarded as basestation subject to 38.104 while the client devices are regarded as UE’s subject to 38.101-1.
	Device Class
	Operating Bands
	Maximum EIRP
	Maximum EIRP Power Spectral Density

	Standard-Power Access Point (AFC Controlled)
	U-NII-5 (5.925-6.425 GHz)
U-NII-7 (6.525-6.875 GHz)
	36 dBm
	23 dBm/MHz

	Client Connected to Standard-Power Access Point
	
	30 dBm
	17 dBm/MHz

	Low-Power Access Point (indoor only)
	U-NII-5 (5.925-6.425 GHz)
U-NII-6 (6.425-6.525 GHz)
U-NII-7 (6.525-6.875 GHz)
U-NII-8 (6.875-7.125 GHz)

	30 dBm
	5 dBm/MHz

	Client Connected to Low-Power Access Point
	
	24 dBm
	-1 dBm/MHz



The output power requirements are specified in terms of maximum EIRP and maximum EIRP power spectral density.  Conventionally, EIRP requirements are translated to conducted requirements be assuming a UE isotropic antenna gain of 0 dBi.  It can therefore be seen that the power class definition of PC5 and PC3 including +2 dB upper tolerances are compliant to client devices connected to LP-AP and SP-AP, respectively.  In fact, it may be possible in the future to also define a PC2 (26 dBm) power class for the client connect to SP-AP.  We observe that the PC3 UE is restricted to operating within U-NII-5 and U-NII-7 frequency ranges.  In addition to the above maximum output power limits, the UE is also required to limit is maximum output power to no more than 6 dB below its associated SP-AP’s authorized transmit power.  For instance, the SP-AP may receive an authorization from the AFC to operate on a particular channel with specified maximum output power lower than the limits in the table above.  The UE is then required to limits its maximum power 6 dB below that of the SP-AP.  As a matter of practicality, the UE is not aware of the AFC authorization and the resulting maximum output power of the AP/basestation.  However, if there is a need to reduce the maximum output power of the UE below that as defined in the above table, such limit can be indicated by P-max signaling from the basestation.  In princple, the maximum PSD should also be reduced by the same factor though this is not clearly indicated in the FCC rules; however, for NR-U bandwidths of 20 MHz and above the scaling of maximum output power and maximum PSD is such that maximum output power is always limiting.  In other words, a maximum output power of 30 dBm – X is always lower than a maximum PSD of 17 dBm/MHz – X for bandwidths of 20 MHz and greater.
While the FCC’s maximum EIRP requirement does not restrict PC5 and PC3 maximum output power levels for UE’s connected to LP-AP’s and SP-AP’s, the PSD limitation does effectively impose a limitation for UE’s connected to LP-AP’s.  For UE’s connected to SP-AP’s, the PSD limit of 17 dBm/MHz does not limit the maximum output power of the UE to below 23 dBm for bandwidths greater than 4 MHz.  Since NR-U bandwidths are at least 20 MHz and since the interlaced uplink waveform spans the entire channel bandwidth, there is no maximum output power constraint for PC3 NR-U UE’s applied to meet the maximum PSD requirement.  On the other hand, for PC5 UE’s connected to LP-AP’s, the PSD restriction of -1 dBm/MHz effectively limits the maximum output power as follows
	Channel bandwidth
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	Max output (dBm)
	12
	15
	17
	18
	19

	Tolerance (dB)
	6
	5
	5
	4
	3.5

	PUMAX lower bound (dBm)
	6
	10
	12
	14
	15.5



Therefore, it can be seen that PC5 and PC3 power classes as presently defined for NR-U can be applied to Band n96 and n97, although additional PSD restrictions particularly relevant to LP-AP’s according to FCC rules should be indicated by NS.
As described above, the requirements differ for UE’s connected to SP-AP’s and LP-AP’s.  Yet, the UE declares a single power class for the band.  The possible scenarios between the two different types of networks and two power classes of UE are shown below.
	
	PC5
	PC3

	SP-AP
	Allowed (U-NII-5 and U-NII-7 only)
	Allowed (U-NII-5 and U-NII-7 only)

	LP-AP
	Allowed (NS signaling)
	Must reduce power (NS signaling)


  
SP-AP’s and their clients are only allowed to operate within the U-NII-5 and U-NII-7 frequency ranges in the US.  Since UE’s must first receive and decode channel frequency and channel bandwidth from the basestation, restricting UE operation to the allowed frequency ranges is a natural byproduct of NR-U system operation where the basestation sets the frequency range of the cell.  It is therefore expected that an SP-AP (perhaps by limiting valid ARFCN in TS 38.104) will only broadcast channel frequencies within the allowed U-NII-5 and U-NII-7 frequency ranges and any UE’s connecting to this cell will only transmit within that bound.  For output power, the only restriction is to ensure that any PC3 UE’s reduce power below 24 dBm when connecting to a LP-AP.  As shown above, however, the PSD limitation of -1 dBm/MHz is more limiting than the 24 dBm maximum output power.  Therefore, since the LP-AP is expected to signal the NS to indicate the -1 dBm/MHz PSD limit, the PC3 maximum output power will mathmatically be guaranteed below 24 dBm for the bandwidths under consideration. 
Observation:  The PC5 and PC3 power classes for NR-U can also be applied to Band n96 and n97.  Band n97 will require the definition of NS to restrict maximum output power and PSD for deployments in the US.
AFC
Automated Frequency Coordination (AFC) is a requirement for SP-AP’s to avoid interference to incumbent systems in the band.  So long as the client is under the direction of the AP, there are no AFC requirements imposed directly to the client.  For NR-U, the UE is always under the direction of the basestation.  Moreover, NR-U always supports contention-based (LBT) channel access.  
Spurious emissions
The ACLR and SEM fall under general requirements and are therefore applicable to NR-U for all bands including Band n96 and n97.  The FCC rules do not define a requirement for ACLR.  However, they do define a SEM requirement as follows.
· Power spectral density must be suppressed by 20 dB at 1 MHz outside of channel edge, 
· by 28 dB at one channel bandwidth from the channel center,
· by 40 dB at 1.5 times the channel bandwidth away from channel center,
· linear interpolation between 20 dB and 28 dB and between 28 dB and 40 dB
· at least 40 dB for emissions removed from the channel center by more than 1.5 times channel bandwidth.
Compared to the agreed general SEM for NR-U shown below
[image: ]
It can be seen that the NR-U general SEM for single carrier is the compatible with the FCC defined mask.  The one observable difference is the first MHz outside of the channel where the NR-U SEM is linearly interpolated between 0 dBr and -20 dBr.  The FCC does not have any requirement in this range.
One aspect that is not explicitly mentioned in the FCC rules is the emission mask required for punctured channels.  The punctured mask is not relevant for uplink in Rel-16 since it has already been agreed that only contiguous sub-band configurations are specified, but is relevant for downlink.
In addition to SEM, the FCC rules also require that emissions outside of the 5.925 – 7.125 GHz band must not exceed -27 dBm/MHz EIRP.  This additional spurious emission requirement is expected to be captured in NS and will require a study of A-MPR for both PC5 and PC3 UE’s.
Observation:  The NR-U ACLR and general SEM is compatible with FCC rules for 6 GHz.  An additional spurious emission requirement of -27 dBm/MHz outside of Band n97 will be required under NS with the need for PC5 and PC3 A-MPR study.
Other requirements
Other band-specific requirements not necessarily implicated by the FCC rules include UE-UE coexistence, reference sensitivity, and blocking cases.  UE-UE coexistence is expected to reflect bands intended for usage in the US where -50 dBm/MHz conducted emissions are typically specified.  Mutual coexistence with Band n46 is not expected to be specified since unlicensed bands are not afforded UE coexistence protection in 3GPP specifications.  It is expected that reference sensitivity as specified for Band n46 can also be adopted for 6 GHz bands despite the higher frequency, but remains to be verified.
NS for Band n97
As described in this contribution, NS values are needed to enable UE compliance with FCC rules when operating in Band n97.  In particular, two NS values can be envisioned for Band n97
NS_51:  24 dBm max output power, -1 dBm/MHz max PSD, -27 dBm/MHz spurious emissions
NS_52:  30 dBm max output power, 17 dBm/MHz max PSD, -27 dBm/MHz spurious emissions
Conclusion
This contribution summarizes the requirements needed for 6 GHz NR-U band definition taking into account the FCC rules for operation in the United States.
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