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Introduction
A new work item to specify power class 1.5  in Band n79 was recently agreed [1].  Many of the aspects already studied for PC 1.5 in Band n41 and under current study for PC 1.5 in Band n77 and n78 can be leveraged for Band n79.  However, there are also unique aspects for Band n79 that require further evaluation.  There is also a need to understand whether the existing requirements fulfill the needs of PC 1.5 in Band n79.
Discussion
The motivation for PC 1.5 as described in the WID [1] is to improve the uplink coverage especially in case the transmission bandwidth increases.  Both mobile handset devices and fixed wireless access (FWA) devices are within scope of the work item.  One aspect about Band n79 that is different is the higher frequency range from 4400 – 5000 MHz and the larger channel bandwidths – Band n79 does not support channel bandwidths smaller than 40 MHz.
MPR 
MPR for PC 1.5 was specified using Band n41 for evaluation.  The MPR was determined based on measurements of Band n41 PA’s provided by multiple vendors [2] – [5].  The final outcome, however, was an MPR that reduces the effectiveness of PC 1.5.  The MPR is shown below
Table 6.2.2-4 Maximum power reduction (MPR) for power class 1.5 with  dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6.5
	≤ 3.5
	≤ 1.5

	
	QPSK
	≤ 6.5
	≤ 4
	≤ 1.5

	
	16 QAM
	≤ 6.5
	≤ 5
	≤ 2.5

	
	64 QAM
	≤ 6.5
	≤ 5.5
	≤ 4

	
	256 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	CP-OFDM
	QPSK
	≤ 6.5
	≤ 6
	≤ 3

	
	16 QAM
	≤ 6.5
	≤ 6
	≤ 3.5

	
	64 QAM
	≤ 6.5
	≤ 6.5
	≤ 5

	
	256 QAM
	≤ 9.5
	≤ 9.5
	≤ 9.5



It is easily observed that the specified MPR’s are significant; in fact, the allowed backoff for 256 QAM CP-OFDM is 9.5 dB which means that the 29 dBm maximum output power is reduced to 19.5 dBm when factoring in MPR.  It is also observed that there are no waveforms with zero MPR, so no waveform can reach 29 dBm maximum output power if the specified MPR is fully taken.  
Another perspective is shown in the table below where the maximum output power benefit is shown with the migration from PC3-to-PC2 and from PC2-to-PC1.5.  The benefit from PC3-to-PC2 is evident as most waveforms (shaded in green) are able to realize the full 3 dB of gain implied by the power class upgrade except for edge waveforms with DFT-S-OFDM and lower order modulations.  Hence, the value of PC2 is clear and both its relevance in standardization and its penetration in devices continues to grow since its first introduction to LTE in Rel-10.  In sharp contrast the benefit for PC2-to-PC1.5 is mostly non-existent as specified.  For most waveforms (shaded in yellow), there is no maximum output power increase at all despite populating two PC2 PA’s on the device to enable PC 1.5 compared to PC2.  Only for inner waveforms is there a modest 1.5 dB of gain.
	
	
	PC3 -> PC2
	
	PC2 -> PC 1.5

	 
	 
	Edge
	Outer
	Inner
	 
	Edge
	Outer
	Inner

	DFT-S-OFDM
	Pi/2 BPSK
	0
	3
	3
	
	0
	0
	1.5

	
	QPSK
	0.5
	3
	3
	
	0
	0
	1.5

	
	16QAM
	1.5
	3
	3
	
	0
	0
	1.5

	
	64QAM
	2
	3
	3
	
	0
	0
	1.5

	
	256QAM
	3
	3
	3
	
	0
	0
	0

	CP-OFDM
	 
	 
	 
	 
	
	 
	 
	 

	
	QPSK
	2.5
	3
	3
	
	0
	0
	1.5

	
	16QAM
	2.5
	3
	3
	
	0
	0
	1.5

	
	64QAM
	3
	3
	3
	
	0
	0
	1.5

	
	256QAM
	3
	3
	3
	
	0
	0
	0



Observation:  With the significant MPR defined for PC1.5, it is not expected that the coverage enhancement expectations expressed in the WID can be met.
In addition, the PC1.5 MPR for TxDiv and UL MIMO was studied for Band n41.  Band n79 has a different frequency range (almost 2x different) with significantly different PA and front-end performance characteristics.  It is therefore suggested that MPR needs to be further studied for Band n79.
Proposal:  PC 1.5 MPR needs to be further studied in the context of Band n79.
The previous study on PC 1.5 MPR for TxDiv and UL MIMO was conducted for Band n41.  Since the work item specified a dual PA configuration, i.e., 2x26 dBm, MPR was derived based on measurements provided by vendors.  MPR is specified in order to allow the UE to meet ACLR, SEM, spurious emissions as well as EVM and in-band emissions.  The difference between PC1.5 and PC2 is the usage of two PA’s and the increase in maximum power by 3 dB.  The usage of two PA’s introduces reverse IMD distortion due to the coupling between the two transmitter paths, primarily due to the assumed 18 dB (10 dB antenna isolation and 4 dB front-end loss for each PA) coupling from the output of one PA to the output of the other PA.  This was found to impact EVM as reported by multiple companies.  The 3 dB increase in output power also drives an increase in MPR for PC1.5 compared to PC2 since the SEM is specified in absolute power.  There was far less data presented to quantify the MPR required to meet out-of-band emissions; mostly, claims were made without data shown to justify them.  
Data for out-of-band emissions was provided in [2] and is reproduced below
[image: ]
This table shows the increase in emissions for 2 PA PC1.5 (labeled “2Tx increase”) and the margin to the requirement with no additional MPR for DFT (labeled “DFT Margin @MPR0”) and the margin to the requirements with 2 dB additional MPR for CP-OFDM (labeled “CP Margin @MPR2) for various waveforms against out-of-band emission requirements with two different PA bias configurations.  
The result is between 0 and 2 dB of additional MPR is needed depending on the waveform and the particular emission requirement allowing for both PA biasing schemes representative of what is needed for smartphones.  
Similarly, data for EVM was provided in [3], [4], and [5].  In [3], EVM for inner waveforms was measured as a function of antenna isolation to capture the effect of RIMD3.  In fact, it was shown that no additional backoff was needed for PC1.5 compared to PC2 even with antenna isolation of 10 dB for the existing EVM budget citing the improvement in NR image compared to LTE as justification for headroom in the budget.  In [4] measurement data is also provided to illustrate the impact of RIMD3 on EVM.  In fact, the EVM degradation shown in [4] is smaller than that shown in [3].  For example, the EVM for DFT-S-OFDM inner waveforms with QPSK modulation is shown to be 1.18% in [4] whereas a similar waveform was indicated to have 4.17% EVM degradation in [3].  Despite having a smaller degradation, the proposal in [4] is 3 dB additional MPR for edge and outer waveforms and an additional 2 dB for inner waveforms, whereas [3] proposes that no additional backoff is needed.  It is also labeled in the table header of Table 5 in [4] that the 2 dB or 3 dB is the “Total Relaxation”, while the caption reads “Additional MPR relaxation.”  The observation 4 also points out that there are other limitations (ACLR, OOBE, and SEM) that justify the additional relaxation, but there is no data provided to substantiate this.  The only data provided in this paper is for EVM where the reported degradation is smaller than that observed in [3] where already no additional MPR is required according to the claims in [3].  Finally, in [5] EVM measurements are provided for 64QAM and 256QAM CP-OFDM waveforms with full RB allocation.  It is commented that the EVM is based on a PA budget where the budget for 256QAM is 1.8%.  Measurements for ET and fixed-bias PA are shown where the ET PA requires 6 dB backoff and the fixed bias PA requires 8 dB backoff to meet the 1.8% criterion, but the proposal in this paper and the agreed specification for 256QAM CP-OFDM is 9.5 dB backoff.  It is not explained why an additional margin of 1.5 dB for fixed bias and 3.5 dB for ET is proposed compared to the published measurement.  For 64QAM assuming a 4% PA EVM budget, the ET PA nearly meets this at full power can drops to 2.9% with 2 dB backoff while the fixed bias PA achieves this with 4 to 5 dB backoff.  It is commented that lower order modulations such as 64QAM are limited by other requirements besides EVM, but data is not provided in the paper.  Nevertheless, the proposal in [5] is generally 0.5 to 1 dB additional MPR for inner waveforms and 1 to 2 dB additional MPR for edge and outer waveforms, which is much lower than the final specification.
Reviewing the papers providing measurements, there does not appear to be a clear path to the ultimately agreed MPR specification.  The papers are often incomplete providing only partial data and in some cases the data does not align with the proposals.  The most likely explanation is that there is limited technical basis for the final specification but rather the proponent company simply gave up in the interest of completing the specification as suggested by the comment in [2] “In the interest of completion of the Rel-16 specification, it is proposed that MPR for PC1.5 for outer allocations be based on PC2 values from [9] plus 3dB.”
Observation:  Most of the provided measurements and proposals for PC 1.5 indicate a smaller MPR than was eventually specified.  There appears to be scant technical justification for the specified values.
A-MPR 
There are no additional spurious emission requirement or other NS-related requirements for Band n79.  However, with increased power level, it may be necessary to revisit coexistence requirement with other bands and protection of other services such as radio altimeters.
Proposal:  There is no current additional spurious emission requirement for Band n79.  However, increasing the power level to 29 dBm may motivate the need to revisit UE coexistence protection to other bands and coexistence to other services such as radio altimeters.
Conclusion
Power class 1.5 for Band n79 is discussed in this contribution.  The MPR for PC 1.5 was studied as part of the work for Band n41.  Even for Band n41, the agreed MPR is so large that it negates the benefit of PC 1.5 compared to PC2.  Moreover, the data presented to derive the MPR for Band n41 seems to indicate a smaller MPR could be achieved.  Finally, due to the different frequency range of Band n79 compared to Band n41, the MPR should be reconsidered.  A-MPR may also need to be studied for Band n79.  At higher power levels, coexistence emission requirements are more difficult to meet.  The obsevations and proposals in this contribution apply to both handheld mobile and FWA devices.
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100 full 0-1MHz OOBE -24dBm/MHz 1:1 0.5-1.0 1 >13 >16 1:1 0.5-1.0 1 >18 >19

20 full 0-1MHz OOBE -13dBm/200kHz 1:1 1.5 1.5 >17 >15 1:1 1.5-2 2 >20 >17

100 full 1-5 MHz OOBE -10dBm/MHz 1:1 1.0-2.0 2 >10 >12 1:1 1.0-1.5 2 >10 >10

20 full 1-5 MHz OOBE -10dBm/MHz 1:1 1.0-2.0 2 >5 >2 1:1 1.0-2.0 2 >3 >3

100 full 5-100 MHz OOBE -13 dBm/MHz 1:1 0.5-1.0 1 >10 >12 1:1 1.0-2.0 2 >11 >12

20 full 5-20 MHz OOBE -13 dBm/MHz 1:1 1.0-2.0 2 >5 >5 1:1 1.0-2.0 2 >5 >3

100 full 100-105 MHz OOBE -25 dBm/MHz 2:1 1 0.5 >6 >11 2:1 1.0-2.0 1 ~1 >9

20 full 20-25 MHz OOBE -25 dBm/MHz 1:1 1.0-2.0 2 >6 >8 1:1 1.0-2.0 2 ~1 >2

100 full >105 MHz OOBE -30 dBm/MHz 2:1 0.5-1.0 1 >5 >8 2:1 1.0-2.0 1 ~1 >5 2 2 7.5

100 full ACLR -31 dbc 0 0.5 0 1.7 1.6 2:1 1.5 1.9 2.8

20 full ACLR -31 dbc 0 1.0-1.5 0 1.8 0.8 0 1.0-1.5 0 3.8 1.1

20 full <2490.5 MHz NS_04 -25 dBm/MHz 1:1 1.0-2.0 2 -4.5 1:1 1.0-2.0 2 -2

20 low half <2490.5 MHz NS_04 -25 dBm/MHz 1:1 1.0-1.5 1.5 -3.5 0 1:1 1.0-2.0 2 -2 -1

100 full EVM 17.50% 0 4 >13% >14% 0 4 >6% >6%

20 full EVM 17.50% 0 4 >14% >12% 0 4 >6% >6%

100 inner 0-1MHz OOBE -24dBm/MHz 1:1 0.5-1.0 1 >13 >16 1:1 1.0-1.5 2 >17 >19 0 2 6

100 inner 1-5 MHz OOBE -10dBm/MHz 1:1 1.0-2.0 2 >9 >15 1:1 1.0-1.5 2 >16 >16 0 2 6

100 inner 5-100 MHz OOBE -13 dBm/MHz 1:1 0.5-1.0 1 >11 >15 1:1 1.0-2.0 2 >16 >16 0 2 6

100 inner 100-105 MHz OOBE -25 dBm/MHz 2:1 1 0.5 >22 >21 2:1 1 0.5 >20 >21 0 2 6

100 inner >105 MHz OOBE -30 dBm/MHz 2:1 0.5-1.0 1 >17 >16 2:1 1.0-2.0 1 >15 >16 0 2 6

100 inner EVM 17.50% 0 4 >15% >13% 0 4 >6% >6%

20 inner EVM 17.50% 0 3.5 >14% >11% 0 3.5 >7% >8%
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