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Introduction
There was discussion during the RAN4 #92 meeting regarding the UE power class definition for NR-U and whether PC3 or other power classes should be defined in addition to PC5.  This contribution provides further discussion on the utility of PC3 for NR-U as well as the challenges associated with including it within the current work scope.  Finally, several options are presented on how to introduce PC3 into the NR-U specifications.
Discussion
To date, the work done in RAN4 to define UE Tx requirements for NR-U has been focused on a power class 5 (20 dBm) maximum output power level.  However, there is also an interest from companies including Qualcomm in defining requirements for other power classes as well, including power class 3 (23 dBm).  It is important, however, to understand when and where a higher power class may be beneficial and how it might also be detrimental.  
Benefit and cost of higher power class
Regulatory rules for operating in 5 GHz and 6 GHz bands often include a limitation on maximum output power or on output power spectral density (PSD).  For example, ETSI rules in 5 GHz impose a limitation of 10 dBm/MHz on the transmit PSD.  Therefore, in order to be able to take advantage of higher maximum output power, i.e., PC3 instead of PC5, the transmission bandwidth must be greater than 10 MHz.  For example, an interlace-0 waveform in a 20 MHz channel with 30 kHz SCS contains 10 or 11 RB’s.  Since the transmission of each RB within the interlace is limited by the PSD constraint, the maximum total power with which the waveform can be transmitted is 20 dBm or 20.4 dBm.  Since sparse waveforms such as interlace-0 are used as a guide for uplink coverage, the uplink coverage does not necessarily benefit from a higher power class where there is a PSD limit.  Therefore, the benefit from a higher power class is realized when a greater number of RB’s is transmitted either by transmitting multiple interlaces or by transmitting in a wideband channel.  The biggest benefit is likely to be observed with transmitting multiple interlaces.  Transmission over wider bandwidth channels, while enabling higher power for a fixed PSD, may be hampered by MPR or A-MPR instead as described next.
Another limitation to maximum output power is MPR and A-MPR.  If MPR and/or A-MPR are large, then there is little practical benefit offered by a higher power class.  For example, for eLAA the MPR is defined in TS 36.101 as 2.5 dB, 3 dB, and 4 dB for QPSK, 16QAM, and 64QAM modulation with any allocation other than fully allocated.  On top of this, when NS_28, NS_29, NS_30, or NS_31 are signaled, the A-MPR can be from 1 dB to 16 dB.  With such large power backoff allowances needed to meet emission requirements, there may only be little to no benefit in uplink power from a PC3 UE compared to a PC5 UE.  On the other hand, the benefit from a higher power class UE may come if the PA is designed for greater linearity.  For example, a PC3 PA backed off by 3 dB may have a more linear response than a PC5 PA at full power in compression.  Therefore, for small or moderate MPR and A-MPR values, the PC3 PA may be able to deliver higher output power than the PC5 PA while meeting the same emission limits.  The price to be paid for this, however, is decreased PA efficiency, higher current consumption, and more heat generation.  At large power backoff values, there is not likely to be any linearity advantage offered by a larger PA.
  Challenges to defining PC3
There are at least two obstacles to overcome in order to be able to define meaningful PC3 requirements – the time remaining to complete the work item is only three working group meetings assuming that an additional ad-hoc meeting is not added to the calendar, and the lack of suitable PC3 PA’s capable of operating at transmit frequencies up to 7 GHz.  Even if there are three meetings, the TU allocation from RAN #84 only provides 2 TU’s for each of two meetings (#92bis and #93) for RAN4 RF discussion.  There are no TU’s currently allocated for RAN4 RF in the third meeting (#94) which appears to be an oversight.  This means a total of six hours remaining in allocated TU’s to complete the core requirements in RF.  
The work required for a new power class is significant.  The new power class requires agreement on PA calibration, MPR, A-MPR, ACLR, etc.  For PC5, these discussions have been ongoing already for more than six months without agreement on a single one of these points yet.  MPR and A-MPR will require very large simulation and/or measurement campaigns from multiple companies to achieve a high quality result.  The number of waveform, configuration, and channel possibilities is large for NR-U where each requires simulation.  For eLAA, four A-MPR tables were defined for Band 46; it is expected that the same number of tables will be required for NR-U as well.  This amount of work is considerable even for a single power class, e.g., PC5, but seems overly ambitious for two power classes given the time allotted.
The second challenge is the availability of PC3 capable PA’s and their mathematical models suitable for NR-U at frequencies up to 7 GHz.  There are no commercial, well characterized PA’s in existence that the author is aware of to support cellular type requirements at 7 GHz.  The closest approximations are PA’s designed for eLAA in Band 46 or a PA designed for Band n79.  Unfortunately, there are no Band 46 PA’s commercially available and the PA for Band n79 only reaches 5 GHz.  The PA design to be able to provide sufficient gain over wide bandwidth at 7 GHz is significantly different from one designed for lower frequencies.  Therefore, using a PA designed for a lower frequency may not accurately reflect the performance that a PA could achieve at 7 GHz.  However, if attention can be restricted to only Band n46 at the moment, then a Band n79 PA could be used as a proxy.  
An alternative idea to support PC3 is to combine two PC5 PA’s with separate antennas instead of a single PC3 PA.  However, there is additional work required to enable a dual PA solution.  In other similar scenarios, for example using two PC3 PA’s to enable PC2, the requirements have been derived assuming a single higher power PA.  Such requirements tend to be more challenging since the enhanced linearity of the higher power PA is incorporated into the derived requirements.  Then, implementations choosing to use dual PA’s are required to meet the requirements derived from a single PA.  In this case, the reference to derive requirements could be the dual PC5 PA’s rather than the PC3 PA.  If agreed, the implications of this would need to be understood.
  Options
In the above sections, this contribution has discussed the workload and timeline challenges associated with defining both PC3 and PC5 power classes, as well as the challenges in finding appropriate PA models to perform the technical analyses.  Nonetheless, there remains a desire from multiple companies to include both PC3 and PC5 requirements in the specification.  Several options are listed below
1. Best effort to define PC5 and PC3.  One problem is that companies are now required to at least monitor if not contribute to two efforts at the same time.  The quality is likely to suffer since resources are limited.  The ability to leverage decisions or agreements from one power class to another is diminished since both are occurring in parallel.
2. Complete PC5 first before starting PC3.  One advantage is that companies can focus on one power class at a time leading to greater attention from companies and a correspondingly higher quality result.  Furthermore, agreements for PC5 can be leveraged to PC3 thereby possibly reducing redundant work for PC3.  The challenge is that the timeline to complete the work item may not support serializing the work.
3. Request an additional ad-hoc meeting and/or extend the completion deadline.  As it becomes more evident that the required work cannot be completed in the time allotted, then one possibility is to add a meeting to the calendar.  A focused meeting on a single topic or few topics has proven to be effective in the past.  Extending the completion deadline also allows for more time to complete the work, but is ultimately a decision that can only be made at RAN plenary.
4. Complete only PC5 in this work item and defer PC3 to a follow-on work item.  It is expected that there will be follow-on work required for NR-U in Rel-17.  PC3 can be included in the follow-on work item. Furthermore, it is already understood that the scope of the existing Rel-16 work item only defines band numbering for two NR-U bands at 6 GHz, but not the RF requirements.  Therefore, it is clear that additional work for NR-U will be required in the future.  One open question is whether PC3, if defined in Rel-17, could be made release independent to Rel-16.
Conclusion
In this contribution, the introduction of PC3 in addition to PC5 for NR-U has been discussed.  While there is certainly benefit to introducing a 23 dBm power class for NR-U in some scenarios, it is suggested in this contribution that the benefit may not be realized where there are other limits imposed on maximum output power.  For example, regulatory limits on transmitted power spectral density effectively negate the benefit of higher power for relatively sparse waveforms that are generally used to gauge uplink coverage.  Also, MPR and A-MPR power backoff necessary to meet emission requirements also has a dampening effect on a higher power class since the higher power may not be available anyways.  To introduce PC3 in addition to PC5 is challenging due to workload and schedule, as well as due to a lack of PA’s available to support operation up to 7 GHz.  Options and suggestions are presented for consideration.
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