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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].  A number of UE RF requirements have been agreed [3], but some of the fundamental Tx and Rx requirements remain open.  This contribution addresses some of the key UE RF requirements.
Discussion
Transmitter requirements
The requirements on MPR, ACLR, and SEM for the 6 GHz licensed band are not yet agreed.  These are general requirements that conventionally apply to all NR bands; i.e., they are band independent.  Moreover, the requirements for MPR are dependent on ACLR and SEM as well as power class.  It has been proposed that for the 6 GHz licensed band, the ACLR and SEM requirements are relaxed according to the results in [4].  According to [4], the UE ACLR should be 26 dB for the range from 6.425 – 7.125 GHz while the SEM should be according Table 7.1.2-1 of [4] copied below
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Hence, both the ACLR and the SEM are relaxed compared to the conventional NR requirements.  The ACLR is relaxed by 4 dB while the SEM is relaxed by 3 dB for frequency offsets within 5 MHz of the channel edge.  The motivation for relaxing the emission requirements is presumably to enable higher UE output powers at the 6 GHz frequency range where link budgets are challenging to meet.  The justification to relax the emission requirements are system coexistence studies as reported in [4] indicating that even with relaxed requirements, the impact of interference to adjacent systems is manageable under the assumptions of the study.  Relaxed requirements while maintaining coexistence are made possible due to the larger pathloss at the high frequencies and greater beamforming and null steering capability with the assumption of AAS in the basestation.  These two attributes allow for greater effective isolation between aggressors and victims in a statistical sense.  However, one danger is over-generalizing these conclusions to environments where the interference can be more significant.  For example, in more dense conditions where many users are close together for example in a subway car or in situations where users are not necessarily many but happen to be close together for example across or next to one another in a conference room table, the interference experienced may be much higher than predicted by the system simulation.  In this case, a tighter emission requirement would certainly be beneficial even if not absolutely required for the cases studied by the system simulation.
Observation:  The system simulations reported in [4] suggest that more relaxed UE emission requirement may be acceptable for the scenarios studied.  In other scenarios, the relaxed UE emissions may lead to unacceptable interference.  On the other hand, retaining the conventional UE emission requirements will lead to even greater ability to tolerate interference and improve coexistence beyond the acceptability criteria used in [4].
Proposal:  Since 3GPP specifications are written to serve a wide variety of conditions and use cases, it may be more prudent to retain the UE emission requirements (ACLR, SEM, and spurious emissions) as they are for all other NR bands, rather than to relax them for this band.
Intimately tied to the emission requirements is the MPR.  All other aspects held constant, it is expected that the MPR should decrease (transmit power increase) as the emission requirements become relaxed.  When linearity requirements are relaxed, the PA is capable of being driven deeper into compression at higher output powers.  However, not all other aspects are constant with respect to other frequency bands.  The PA characteristics may differ at frequencies up to 7 GHz for this band, the front-end component, matching, and trace losses are expected to be somewhat higher, and noise terms may also be higher.  Finally, not all waveforms are bounded by ACLR and SEM.  Higher order modulations are often bounded by in-band EVM which has been agreed to be the same as it is for other bands.  Therefore, a careful study is needed to evaluate the MPR at this frequency range, especially if the ACLR and SEM requirements are to be relaxed.
It is well understood that achieving output power while meeting linearity requirements becomes more challenging at 7 GHz frequencies with wider channels compared to 2 GHz and relatively narrow channels where the requirements were first derived.  Thus, it might initially appear justified from a UE implementation perspective to relax the ACLR and SEM requirements while keeping the same power class and MPR.  On the other hand, the conventional values of ACLR, SEM, maximum output power, and MPR were derived more than 10 years ago.  Technology has evolved significantly in the past 10 years meeting the increasing linearity and complexity challenges.  While 10 years ago, the frequency bands were predominantly 2 GHz and below (2.4 GHz was seen as a high frequency band!), higher frequency bands have been slowly introduced at 2.4 GHz, 3.5 GHz, 5 GHz, and now up to 7 GHz for FR1.  The ACLR, SEM, MPR were not adjusted despite UE implementation challenges faced at higher frequencies because of technology evolution has enabled these higher frequencies.  In the same manner, it is expected that the band at 7 GHz does not need to have relaxed requirements to account for implementation challenges.  Initial measurements of a PA indicate that it is feasible.  Since these are initial measurements, it is expected that further optimization and improvement are available. 
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Figure 1.  Measurements of a PA showing feasibility of ACLR at the 6 GHz frequency range
Proposal:  From a UE implementation perspective, the conventional requirements of ACLR, SEM, power class, and MPR can be met at 7 GHz without undue relaxation.
On MPR, recognizing that the MPR is a general requirement that is used across all bands and given the arguments above, it is suggested that the same MPR can apply for the 6 GHz band as well as long as the ACLR and SEM are not relaxed.  In case the ACLR and SEM are relaxed, then the MPR should be re-evaluated with the expectation that it should be reduced.
Proposal:  So long as the ACLR, SEM, and other relevant requirements are not relaxed, the general MPR can be applied to the 6 GHz band.
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.
Receiver requirements
Receiver sensitivity for the UE was also studied in [4] without conclusion since receiver sensitivity is not a critical parameter for sharing and compatibility studies.  Noise figure was assumed to be within the range of 9 to 13 dB, but only for the purpose of ITU WP5D sharing studies and not for RF specification.  It was proposed in [5] and [6] to use the same reference sensitivity as for Bands n78 and n79 corresponding to a noise figure of approximately 10 dB.  On the other hand, when requirements were defined for Band n96 which has the same frequency range as this band, concerns were raised in [7].  The proposed reference sensitivity in [7] corresponds to a noise figure of nearly 15 dB and furthermore suggests that reference sensitivity for Band n79 should be revisited in light of higher losses due to the assumed front-end architecture.  This is due to the large front-end loss and the higher noise figure of the LNA at this frequency range and for the bandwidth.  After much discussion, the reference sensitivity was finally agreed to be 0.5 dB degraded compared to Band n46 corresponding to a noise figure of 13.5 dB.  It is recognized that the front-end insertion losses at 7 GHz are expected to be large and the LNA is likely to support a frequency range covering all of 6 GHz if not even wider.  In fact, it is common practice to share a common LNA among multiple bands with overlapping frequency range.  Therefore, the reference sensitivities of bands n46, n96, and n102 should be also considered in addition to n78 and n79.  It is recommended that companies further discuss the assumed front-end architectures including the impact of shared Rx paths between different bands in the same frequency range to conclude on a reasonable reference sensitivity specification.  Note that we do NOT suggest simply taking the most lossy architecture and basing the reference sensitivity on it, but rather a more considerate discussion about likely architectures and balancing the performance requirement against flexibility in design.
Proposal:  For reference sensitivity, further discussion on UE front-end architecture to include the effect of losses at 7 GHz as well as the possibility to share the front-end among multiple bands within a similar frequency range.
Adjacent channel selectivity (ACS) was also studied in [4] with a conclusion that 32 dB would be adequate to enable coexistence in the scenarios studied – urban macro and indoor.  The proposed 32 dB ACS represents a 1 dB relaxation compared to the conventional ACS for all other NR bands.  It is also noted that blocking requirements have already been agreed to be the same as for all other NR bands.  Therefore, the UE must already implement the baseband filtering and dynamic range needed for in-band blocking, so a 1 dB relaxation in ACS is of no benefit.  The UE typically implements similar baseband processing independent of the band so again, there is no UE benefit to a 1 dB relaxation n ACS.  Moreover, the conventional ACS will provide slightly better performance in the presence of jammers even for scenarios and conditions that were not evaluated in [4].  Therefore, there is insufficient justification to relax the ACS by 1 dB for this band when all other NR bands are specified at 33 dB.
Proposal:  ACS is specified as 33 dB consistent with all other NR bands with frequency greater than 3300 MHz.
Conclusion
In addition to the need to clarify additional requirements from RCC [8] for coexistence, this contribution focuses on the general requirements for the licensed 6 GHz band.  Transmitter requirements for ACLR, SEM, and MPR are considered along with receiver requirements for reference sensitivity and ACS.  Generally, the proposals are to maintain the same general requirements for this band as for all other NR bands above 3300 MHz.  While previous studies for the purpose of ITU sharing indicate that more relaxed requirements for this band are sufficient for coexistence in the scenarios studied, maintaining the same requirements does not contradict those conclusions since coexistence will only be better across a wider set of scenarios with the conventional requirements.  For receiver requirements, further consideration on the UE architecture is recommended to derive the reference sensitivity requirement.  To ensure the highest level of technical accuracy, clarification of additional spurious emission requirements for coexistence is still needed in addition to the general requirements described above.
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