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Introduction
The technical work to define a 6 GHz licensed band has been initiated in [1] based on an input on regulatory requirements in [2].  This contribution discusses several aspects related to the definition of requirements for this band.
Discussion
The importance of the 6 GHz frequency range identified as the 1.2 GHz between 5925 and 7125 GHz has been recognized with potentially large swaths of spectrum availability and propagation characteristics in between those of lower FR1 frequencies and higher FR2 millimeter wave frequencies.  However, countries around the world have not taken a unified approach on how to allocate the 6 GHz frequency range.  Some countries have allocated the entire 1.2 GHz for unlicensed operation and hence Band n96 was created, other countries have so far designated the lower 6 GHz from 5925 or 5945 MHz to 6425 MHz for unlicensed (Band n102) with the upper 6 GHz still undecided, other countries are considering the entire 1.2 GHz for licensed operation, and many other countries are still undecided or not yet ready to allocate this spectrum for mobile communications.  
Still, a work item for a licensed band within 6 GHz was approved in [3] initially placed on hold and subsequently modified in [1] to initiate the technical work henceforth.
Band definition
The first question to answer is whether the band range should be defined as the entire 1.2 GHz from 5925 – 7125 MHz, or whether it should be defined in the upper 6425 – 7125 MHz only.  The modified WID [1] states “The work on 6425-7125 MHz frequency range according to RCC Recommendation 1/21 starts from RAN#94e” so it is clear that requirements will only be undertaken at this time for the upper part, but the band itself could be defined over the entire range.  On one hand, since it can be expected that some countries may allocate a larger portion of the 6 GHz band, possibly up to the entire 1.2 GHz, for licensed operation, then in the interest of minimizing the number of bands, reuse of specifications and ecosystem, it would be beneficial to define the wider band even if some countries only allocate a subset of it.  The band specific requirements for a particular country can be captured in NS signaling and associated requirements.  On the other hand, a reason to define a specific band is to ameliorate uncertainty about whether using NS within a more general band to distinguish country-specific requirements would be acceptable to regulators.  Another reason is the belief by some companies that UE design, e.g., filter cutoff frequencies, might be optimized and perform better over the smaller frequency range.  Indeed, there was a similar discussion for the unlicensed band and whether a single general band could be used or whether a country-specific band as a subset was needed.  The final decision [4] for the unlicensed band was to define a separate subset band for European country-specific requirements (band n102) in addition to the general band covering the entire range (band n96).  However, it is noted that the subset band was extended [5] to be more general to allow “other countries/regions than Europe” by setting the lower edge of the band to 5925 MHz and utilizing NS to indicate the requirements for Europe within 5945 to 6425 MHz.  
Proposal:  RAN4 to decide whether the defined 6 GHz licensed band should be specific to 6425 – 7125 MHz with possible NS, or a more general band 5925 – 7125 MHz with specific NS requirements for countries allowing only the subset.
Channel bandwidths
The regulatory input [2] indicates that frequency blocks are nominally 20 MHz wide but can vary in increments of 10 MHz.  Adjacent blocks may be concatenated up to a maximum width of 400 MHz.  Channel raster is in increments of 5 MHz.  NR channel bandwidths with integer multiples of 10 MHz, i.e., 10, 20, …, 100 MHz will meet these allocations, with larger bandwidths achievable through carrier aggregation.
Proposal:  Channel bandwidths for this band as 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 MHz.
Power class
As the intention of this band is for IMT, it is expected that the default power class should be PC3 23 dBm.  The regulatory guidance from [2] points to Article 21 of the ITU radio regulations to limit the maximum output power.  Article 21 in paragraph 21.5 limits the maximum conducted power to +13 dBW in frequency bands between 1 GHz and 10 GHz.  There are also EIRP limits specified, but assuming a zero-gain omnidirectional antenna on the UE, the conducted power limit of +13 dBW is not an impediment to any UE power class so far contemplated for 5G-NR especially in handheld, battery operated form factors.  Conventionally for TDD bands at higher FR1 frequencies to overcome path loss, PC3, PC2, and PC1.5 corresponding to maximum output powers of 23 dBm, 26 dBm, and 29 dBm have been specified by RAN4.  At the same time, PC5 with maximum output power of 20 dBm is the only power class so far specified for the unlicensed band at this frequency range.  The motivation for prioritizing the PC5 power class is to enable leverage of WiFi 6E hardware platforms, economies of scale, and potential time-to-market advantages; in addition, the unlicensed bands impose power, PSD constraints, and additional spurious emission requirements whereby higher output power is of limited value.  However, since these constraints do not apply for the licensed band according to [2] and there is less opportunity to leverage WiFi hardware due to different output power and linearity requirements for licensed, then there less motivation to consider PC5.  Since PC1.5 is achieved by combining two PC2 transmit paths and due to the additional complexity to factor in antenna isolation and other factors, it is proposed to first focus on PC3 and PC2.
Proposal:  Specify PC3 and PC2 power classes for this band, with the default power class as PC3.
Proposal:  Due to the variability of losses at higher frequencies, it is proposed that the tolerance on maximum output power be specified at be +2/-3 dB.
PA architecture
The work item is scheduled to complete at RAN #95 for inclusion in Release 17 specifications.  To simplify the work, it is proposed to focus on single PA architectures.
Proposal:  Focus on single PA architecture
Additional spurious emissions
Emission requirements for coexistence with nearby adjacent services are not quantified in [2].  Indeed, some companies questioned whether the work on defining this band could even be initiated without this basic information.  Reference [2] states
Administrations may restrict the use of frequency blocks, including within the   6425-6525 MHz and 7100-7125 MHz frequency bands, in order to ensure compatibility with stations in FS, FSS, SOS, SRS and EESS.
but does indicate any specific emission requirement nor does it exclude the possibility of restrictions beyond the lowest 100 MHz and highest 25 MHz of the band.  The only indication of emission requirements is a reference to generic requirements in ITU SM.329 which are already captured as general spurious emission requirements in the 38.101 specification.
The unwanted emissions of 5G-NR/IMT-2020 base stations and user equipment in the spurious emissions domain shall be in compliance with the Category B limits for stations in the mobile service, as provided in the latest version of Recommendation ITU-R SM.329.
Thus, the RCC recommendation in [2] does acknowledge the need to ensure compatibility with other services, but does not quantify a protection emission requirement.  One interpretation is that more details of emission requirements and restrictions are still forthcoming from RCC.  Another interpretation is that RCC leaves these details to each individual administration.  As such, it is difficult for RAN4 to proceed with additional spurious emission requirements and necessary A-MPR.  The following options are presented for consideration and discussion
1. Send a liaison to RCC requesting emission requirements.  Until such information is received, RAN4 can continue to work on other unrelated aspects of the band, but ultimately cannot complete definition of this band until the information is made available.
1. Inquire with RCC whether compatibility and coexistence with other services is ensured by deployment practices; therefore, no additional spurious emissions protection is defined in the 3GPP specifications and only the general emission requirements can be assumed to be met,
1. Wait for individual administrations to publish emission requirements and capture these within new NS values for the band.  Technical work on the general parts of the band can continue with placeholders for future NS values, emission requirements, and A-MPR tables.  However, the band cannot be finalized until at least one country provides the details needed to actually deploy the band including coexistence emission requirements.
1. RAN4 to define emission requirements to the best of its ability with the limited information available.  However, it seems unlikely that sufficient information is available (RF characteristics of adjacent systems, level of protection needed, operational duty cycle, physical location, etc) to be able to conduct such a study and the end result may not comply with eventual regulations.  Thus, this option is not recommended.
Of the above listed options, the first and second are preferred since 3GPP is not in a position to make assumptions about requirements, clearly indicates to RCC that such information is needed for 3GPP to complete its work – either quantitative emission requirements or confirmation that no requirement beyond general spurious is needed to ensure compatibility with other services.  In the meantime, RAN4 can continue to work on other aspects of the band definition unrelated to emission requirements.  Towards this end, it is recommended that any additional spurious emission requirements would not be specifically accommodated by an RF filter in order to preserve the insertion loss.  Therefore, additional spurious emission requirements when they become available will be handled by A-MPR.
Proposal:  Send an LS to RCC to clarify what (if any) additional spurious emission requirements are needed to ensure compatibility with adjacent services in the band.  Further clarify whether emission requirements or other necessary restrictions will be forthcoming from individual administrations.
Proposal:  It is assumed that the RF filter will not provide rejection for additional spurious emission requirements (if any).  Instead, A-MPR will be specified as needed.
Out-of-band blocking
During the discussion of requirements for the unlicensed band n102, a request was made to improve the out-of-band blocking requirements to protect the UE against blockers in the upper portion of the 6 GHz frequency range.  For the licensed band under consideration, if a separate band is defined as 6425 – 7125 MHz, then there may be a concern about susceptibility of the UE against blockers in the lower portion of the 6 GHz frequency range.  However, until this concern is justified, there is no regulatory basis for it [2].  Whether the out-of-band boundaries are defined with respect to 5925 MHz or 6425 MHz may be dependent on how RAN4 decides to define the band as either the entire 1.2 GHz or the upper 700 MHz portion.
Proposal:  UE blocking is specified conventionally without the need to improve blocking beyond the standard requirements.
Conclusion
Based on an LS from RCC, the technical work to define a licensed band for the 6 GHz frequency range can begin.  This contribution discusses some of the specifications for the UE and makes the following proposals
Proposal:  RAN4 to decide whether the defined 6 GHz licensed band should be specific to 6425 – 7125 MHz with possible NS, or a more general band 5925 – 7125 MHz with specific NS requirements for countries allowing only the subset.
Proposal:  Channel bandwidths for this band as 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 MHz.
Proposal:  Specify PC3 and PC2 power classes for this band, with the default power class as PC3.
Proposal:  Due to the variability of losses at higher frequencies, it is proposed that the tolerance on maximum output power be specified at be +2/-3 dB.
Proposal:  Focus on single PA architecture
Proposal:  Send an LS to RCC to clarify what (if any) additional spurious emission requirements are needed to ensure compatibility with adjacent services in the band.  Further clarify whether emission requirements or other necessary restrictions will be forthcoming from individual administrations.
Proposal:  It is assumed that the RF filter will not provide rejection for additional spurious emission requirements (if any).  Instead, A-MPR will be specified as needed.
Proposal:  UE blocking is specified conventionally without the need to improve blocking beyond the standard requirements.
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