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Introduction
After finalizing phase noise profiles, image levels and PTRS configuration, it is now possible to estimate maximum spec-compliant UL power of an FR2 FWA UE for 256QAM. In this contribution we determine backoff requirements for UL256QAM operation.
Discussion
Overview 
In the discussion below, we assume mass producible and commercially feasible UEs assuming best possible design practices.  In this context, among current UL waveforms, 256QAM remains distinct from the others on account of the proximity of the EVM requirement (-29.1 dB) to the floors introduced by multiple impairment mechanisms in the Tx chain. In contrast, lower modulation complexity waveforms are limited principally by PA distortion. The aforementioned sensitivities to various assumptions like phase noise floor, image levels, and various floors from stages preceding the PA can cause large variation in MPR projections for 256QAM. This effect is demonstrated below in figure 2.1 for PC5 CP-OFDM 256QAM UL. See Annex for calibration details.
Figure 2.1: Required-MPR sensitivity to image and phase noise floor assumptions for 256QAM

From the examples above, projected MPR can vary from ~8 dB to ~ 12 dB just by manipulating image suppression levels between 36 and 38 dBc and substituting a conservative (padded) estimate of implementation-worthy phase noise in place of the profile RAN4 has identified as suitable for 256QAM [5]. Further variation is likely when varying assumptions for other impairment floors are considered.
Observation 1: MPR projections for 256QAM can be very sensitive to estimates of impairment floors from multiple mechanisms in the Tx chain of the UE.
Observation 1 demonstrates that MPR determination from UE performance projections can be even more challenging than for other modulation types. It may be necessary to view each proposal paired with the associated floor assumptions. For the remainder of the contribution, we assume implementation quality impairments (image level and other floors are chosen from realistic projections).
From a system perspective this feature is viable only if the enabling conditions are sufficiently frequent in the targeted deployment scenarios. The requirements for this feature must also consider UE Tx dynamic range. The proposal in [3] (prop 2) is a good starting point as guard rails motivated by system-viability. In [6] we had proposed:
Proposal 5: The MPR for UL 256 QAM shall not exceed that of 64QAM by more than 3 dB. 
We now evaluate whether the network-motivated proposed change in MPR above is feasible from a UE implementation perspective, assuming implementation quality impairments.
Single CC MPR determination
PC5 
Figures 2.2.1-1 and -2 shows the MPR difference between 256QAM and 64QAM for CP-OFDM and DFT-s-OFDM respectively for devices limited to 23 dBm TRP (includes PC5 as well as PC2/3/4/6).

Figure 2.2.1-1: PC2/3/4/5/6 MPR delta between 256 and 64QAM, CP-OFDM
Max(MPR_256)-Max(MPR_64) = 2.9 dB

Figure 2.2.1-2: PC2/3/4/5/6 MPR delta between 256 and 64QAM, DFT-s-OFDM
Max(MPR_256)-Max(MPR_64) = 1.9 dB

An interesting observation is that it takes less than 3 dB of additional back off to seemingly improve EVM 6 dB (the difference between the EVM requirements for 64 and 256 QAM). To resolve this potentially problematic observation, we studied the gating mechanisms for each case, and found that they indeed change. In the 64QAM case, the MPR allowance is driven by IBE compliance for some corner waveforms and for 256, MPR allowance is driven by EVM compliance. i.e the results do not imply inconsistency or other unphysical behavior.

Observation 2: With implementation-grade assumptions for a UE limited to 23 dBm TRP, the additional MPR for 256QAM over that of 64 QAM is 3 dB or less.
PC1 
Figures 2.2.2-1 and -2 shows the MPR difference between 256QAM and 64QAM for CP-OFDM and DFT-s-OFDM respectively for devices limited to 35 dBm TRP (example: PC1).

Figure 2.2.2-1: PC1 MPR delta between 256 and 64QAM, CP-OFDM
Max(MPR_256)-Max(MPR_64) = 2.4 dB

Figure 2.2.2-2: PC1 MPR delta between 256 and 64QAM, DFT-s-OFDM
Max(MPR_256)-Max(MPR_64) = 2.7 dB

It is evident that for PC1, the pattern of variation is like that of PC5.

Observation 3: With implementation-grade assumptions for a UE limited to 35 dBm, the additional MPR for 256QAM over that of 64 QAM can be conservatively considered to be 3 dB or less.
Single CC MPR summary 
Observation 2 and 3 are compatible with the network centric argument reproduced earlier in this sub section from [6] that the MPR increase should be 3 dB or less for 256 QAM, relative to 64QAM.

Proposal 1: The single CC MPR for both PC1 and PC5 in 256QAM operation shall not exceed that of 64QAM by more than 3 dB.	
CA MPR 
For completion of the feature, it is necessary to define MPR for CA operation. These values can be tentatively established by similarity arguments extended from existing MPR values, or from a thorough evaluation campaign. For the former method, barring some anomalies, there is a pattern: both, the contiguous and NC CA MPRs are derived from the 400M outer single CC CP-OFDM values with a further pattern across different CABWs. This pattern can be retained for 256QAM. Example below is shown for PC1, but similar values and a pattern exist for PC2/3/4/5/6.
	400M outer, single CC MPR (dB)
	DFT-s
	CP-OFDM

	64QAM
	6.5
	9



	Contig. CA MPR (dB)
	
	< 400
	< 800
	< 1400
	< 2400

	DFT-s
	64QAM
	9
	10.7
	11.2
	11.7

	CP-
	64QAM
	9
	10.7
	11.2
	11.7


+0.5
+1.7
+0.5

	NC CA MPR (dB)
	
	< 400
	< 800
	< 1400
	< 2400

	DFT-s
	64QAM
	9
	10.7
	11.2
	11.7

	CP-
	64QAM
	9
	10.7
	11.2
	11.7


+0.5
+0.5
+1.7

Based on the observed patterns, the following proposal can be made:
Proposal 2: Intra-band CA MPRs for both, contig. and NC, and for both PC1 and PC5 in 256QAM operation are increased from their respective 64QAM values by 3 dB as shown in table below:
	Contig. and NC CA, PC1 and PC5, MPR (dB)
	
	< 400
	< 800
	< 1400
	< 2400

	DFT-s
	64 QAM
	9
	10.7
	11.2
	11.7

	
	256 QAM
	9+3
	10.7+3
	11.2+3
	11.7+3

	
	
	
	
	
	

	CP-
	64 QAM
	9
	10.7
	11.2
	11.7

	
	256 QAM
	9+3
	10.7+3
	11.2+3
	11.7+3



Inter-band CA can be retained unchanged because it protects from cases where single band MPR itself is low, and this is not the case for UL256QAM.
Observation 4: No special treatment is necessary for inter-band CA MPRs for UL256QAM.
UL MIMO MPR 
The MPR for UL-MIMO operation refers to the single CC MPRs. Because of its generic nature no special treatment is necessary
Observation 5: No special treatment is necessary for UL MIMO MPRs for UL256QAM.
Conclusions
[bookmark: _Hlk503780345]Observation 1: MPR projections for 256QAM can be very sensitive to estimates of impairment floors from multiple mechanisms in the Tx chain of the UE.
Observation 2: With implementation-grade assumptions for a UE limited to 23 dBm TRP, the additional MPR for 256QAM over that of 64 QAM is 3 dB or less.

Observation 3: With implementation-grade assumptions for a UE limited to 35 dBm, the additional MPR for 256QAM over that of 64 QAM can be conservatively considered to be 3 dB or less.

Proposal 1: The single CC MPR for both PC1 and PC5 in 256QAM operation shall not exceed that of 64QAM by more than 3 dB.	

Proposal 2: Intra-band CA MPRs for both, contig. and NC, and for both PC1 and PC5 in 256QAM operation are increased from their respective 64QAM values by 3 dB as shown in table below:
	Contig. and NC CA, PC1 and PC5, MPR (dB)
	
	< 400
	< 800
	< 1400
	< 2400

	DFT-s
	64 QAM
	9
	10.7
	11.2
	11.7

	
	256 QAM
	9+3
	10.7+3
	11.2+3
	11.7+3

	
	
	
	
	
	

	CP-
	64 QAM
	9
	10.7
	11.2
	11.7

	
	256 QAM
	9+3
	10.7+3
	11.2+3
	11.7+3



Observation 4: No special treatment is necessary for inter-band CA MPRs for UL256QAM.
Observation 5: No special treatment is necessary for UL MIMO MPRs for UL256QAM.	
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Annex, calibration condition for PA model

The calibration condition for the PA used for MPR projections is shown below – 20RB23 DFT-s-QPSK is expected to operate with no more than 23 dBm TRP for PC5 and 35 dBm for PC1. This is a worst-case scenario for SEM compliance.
20RB23
23.07 dBm
Figure 5.1: Calibration condition for devices limited to 23 dBm TRP (PC5 FWA for example)

20RB23
35.07 dBm
Figure 5.2: Calibration condition for devices limited to 35 dBm TRP (PC1 FWA for example)
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