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1  Introduction 
This contribution discusses MPR and EVM challenges based on WF [1] from RAN4#108. Proposals are made for resolving the MPR discussion on PC1, PC2 and PC5. Also, PC3 is discussed and a resolution is proposed.
2  Discussion
The 256QAM MPR contributions from RAN4#108 are summarized in WF [1] under Issue 1-1-1. Several companies provided results but not all companies could provide a full picture on MPR. Therefore, it was agreed to wait for additional MPR simulation or measurement results before deciding on how to define the final requirements.
The average over all contributions from RAN4#108 already indicates that current hardware technology requires more than a delta of 3dB between 64QAM and 256QAM. It must be noted that those results already include improvements to Tx impairments such as phase noise profile. 
Nevertheless, RAN4 sees a strong advocacy in defining a maximum delta of 3dB. This has to do with the fact that 256QAM has a low dynamic range. Every additional dB in power back-off means that the usability in the field might be degraded. Table 1 provides an overview for maximum dynamic range based on the minimum UE EIRP agreement in [1]. The table also includes the range for PC3 with minimum UE EIRP based on agreed values of PC2.  Dynamic range is calculated by using the min peak EIRP and subtracting the minimum EIRP requirements for EVM test.
The maximum dynamic range is reduced by MPR and leaves a smaller available range. The following thought process assumes that the targeted dynamic range would be around 10dB. The color coding in Table 1 shall be an indicator where the range might be considered sufficient (green), marginal (yellow) and deficient (red). 
Table 1: Maximum Dynamic Range 
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For PC1 it seems that the high band region has deficient dynamic range which makes deployment challenging. Those bands have been ruled out by link level simulations anyways as it was found that there is no achievable throughput gain for 256QAM with reasonable SNR levels. The mid bands in the range of 37 to 43.5GHz would feature low dynamic range for PC1 and PC5. In contrast PC2 could have sufficient range for all bands due to the considerably lower minimum EIRP requirements. 
Looking at PC3 one can observe that the power class which is considered for handhelds features the lowest dynamic range. This would make deployment slightly more challenging compared to the other power classes considered for FWA type devices. The smaller form factor brings challenges to RF, antenna design and heat dissipation. The tight demands on battery consumption limits design choices of the FR2 amplifier e.g. in terms of maximum current draw. Capping the delta MPR to 3dB for PC3 demands high linear FR2 power amplifier featuring considerable current draw and heat generation. On the other side, allowing more than 3dB delta would decrease the available dynamic range. As it might not be acceptable to increase the allowed power back-off other solutions should be considered. A proposal has been made for PC3 early in the discussion to increase the 256QAM PC3 Tx EVM to 4%. This additional headroom allows the power amplifier to reside in a higher compression and more efficient region resulting into lower power dissipation and heating. Physical area consumption of the amplifier is smaller, and the design challenge does relax. This choice could be an enabler to allow handhelds the use of 256QAM modulation. This approach would avoid 256QAM being defined in spec but an untouched feature in the field.
Those issues and engineering challenges need to be properly discussed. As PC3 has been considered as secondary priority in Rel-18 it might be reasonable to shift its completion to Rel-19. There are proposals in RAN plenary to explore PC3 256QAM in Rel-19.
The full proposal package is:
1. Shift completion of PC3 256QAM to Rel-19 and take the time to discuss the specific challenges on handhelds.
2. Evaluate the impact of 4% Tx EVM on the network performance and PA design challenges. Rx EVM at base station remains at 3.5%.
3. A max delta of 3dB between 64QAM and 256QAM can be acceptable for PC1, PC2 and PC5 if this agreement is not treated as a precedence for PC3 discussion.
Observation 1: PC3 is considered for handhelds and features the lowest dynamic range. This would make deployment slightly more challenging compared to the other power classes considered for FWA type devices. Capping the delta MPR to 3dB for PC3 demands high linear FR2 power amplifier featuring considerable current draw and heat generation. The smaller form factor brings challenges to RF, antenna design and heat dissipation. The tight demands on battery consumption limits design choices of the FR2 PA e.g. in terms of maximum current draw.
Observation 2: It might not be acceptably to increase the allowed power back-off. Therefore, other solutions should be considered such as increasing 256QAM PC3 Tx EVM to 4%. This additional headroom allows the power amplifier to reside in a higher compression and more efficient region resulting into lower power dissipation and heating. Physical area consumption of the amplifier is smaller, and the design challenge does relax. It could be an enabler to allow handhelds the use of 256QAM modulation. This approach would avoid 256QAM being defined in spec but an untouched feature in the field.
Observation 3: Proposals have already been made in RAN plenary to explore PC3 256QAM in Rel-19. As PC3 has been considered as secondary priority it might be reasonable to shift the completion to Rel-19. 
Proposal:  The following items are proposed as a package
1. Shift completion of PC3 256QAM to Rel-19 and take the time to discuss the specific challenges on handhelds.
2. Evaluate the impact of 4% Tx EVM on the network performance and PA design challenges. Rx EVM at base station remains at 3.5%.
3. A max delta of 3dB between 64QAM and 256QAM can be acceptable for PC1, PC2 and PC5 if this agreement is not treated as a precedence for PC3 discussion.



3  Conclusions
This contribution discusses the EVM budget and breakdown for FR2 256QAM. The following observations and proposals are made: 
Observation 1: PC3 is considered for handhelds and features the lowest dynamic range. This would make deployment slightly more challenging compared to the other power classes considered for FWA type devices. Capping the delta MPR to 3dB for PC3 demands high linear FR2 power amplifier featuring considerable current draw and heat generation. The smaller form factor brings challenges to RF, antenna design and heat dissipation. The tight demands on battery consumption limits design choices of the FR2 PA e.g. in terms of maximum current draw.
Observation 2: It might not be acceptably to increase the allowed power back-off. Therefore, other solutions should be considered such as increasing 256QAM PC3 Tx EVM to 4%. This additional headroom allows the power amplifier to reside in a higher compression and more efficient region resulting into lower power dissipation and heating. Physical area consumption of the amplifier is smaller, and the design challenge does relax. It could be an enabler to allow handhelds the use of 256QAM modulation. This approach would avoid 256QAM being defined in spec but an untouched feature in the field.
Observation 3: Proposals have already been made in RAN plenary to explore PC3 256QAM in Rel-19. As PC3 has been considered as secondary priority it might be reasonable to shift the completion to Rel-19. 
Proposal:  The following items are proposed as a package
1. Shift completion of PC3 256QAM to Rel-19 and take the time to discuss the specific challenges on handhelds.
2. Evaluate the impact of 4% Tx EVM on the network performance and PA design challenges. Rx EVM at base station remains at 3.5%.
3. A max delta of 3dB between 64QAM and 256QAM can be acceptable for PC1, PC2 and PC5 if this agreement is not treated as a precedence for PC3 discussion.
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Operating Band  Frequency Range

PC1 PC2 PC3 PC5
n257 26.5-29.5 GHz 22 28 214 22
n258 24.25 - 27.5GHz 22 28 214 224
n259 39.5 - 43.5GHz 24 17.7 19.7
n260 37.0 - 40.0GHz 20
n261 27.5 - 28.35GHz 22 28 214
n262 47.2-48.2GHz

n263 57.0 - 71.0GHz





