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1 Background
Supporting uplink 256QAM in FR2-1 was further discussed in RAN4 #106bis-e, and a WF has been approved [1]. The main remaining issue is the phase noise profile for MPR evaluation and the MPR values. In this contribution, we provide further analysis of the feasible phase noise profile and the consideration of MPR evaluation results. 
2 Evaluation of phase noise profile
Multiple phase noise models have been proposed in the last few RAN4 meetings, and their contribution to the EVM noise floor based on the agreed simulation assumption in [1] is provided in table.1. Only results for 120 kHz SCS (64 RB) at 28 GHz are presented here, but other combinations of numerologies show a similar trend. 

Table 1. The EVM performance with different phase noise profile in [1] for 120 kHz SCS at 28 GHz

	
	CP-OFDM
	DFTs-OFDM

	Ex.1 from TR 38.803
	-28.3 dB
	-26.9 dB

	Model proposed by QC 
	-32.9 dB
	-31.4 dB

	Model proposed by MTK
	-33 dB
	-31.4 dB



Reusing example 1 in TR 38.803 may cause an excessive EVM floor, which is not feasible for MPR evaluation for 256 QAM in our view. In addition, we shall notice that the 256 QAM is mainly targeted for FWA/CPE type of devices, which shall be capable of taking advantage of better-performed RF components than mobile handsets. Meanwhile, to leave sufficient EVM margin for other components, e.g., PA. IQ imbalanced, it is necessary for the device to strive to achieve a better phase noise performance.  

Observation 1: the phase noise examples in TR38.803 does not leave enough EVM margin for 256QAM evaluation.

Physical-wise, the phase noise at different frequency offsets is usually dominated by various components inside a PLL, including the VCO, the reference clock, and other associated circuitry. In our view, combining different phase noise profiles is physically viable. Therefore, it is proposed to adopt the improved phase noise model as a baseline for MPR evaluation. 

Proposal 1: Improved phase noise profile than examples in TR38.803 should be used as the baseline for MPR simulations

Another consideration for phase noise impact on EVM performance is the PTRS configuration. Based on our simulation, a denser PTRS configuration will not jeopardize the CP-OFDM but may have a negative effect on DFTs-OFDM. This may be caused that when the phase noise level is higher, the PTRS may contribute to the noise level and affect the channel estimation and equalization process. 

Observation 2: a denser PTRS configuration does not seem to reduce the EVM performance of CP-OFDM but may affect the DFTs-OFDM.

3 Consideration of MPR Performance
To enable the UL 256 QAM in FR2-1, the corresponding MPR values need to be added. The output power on the power amplifier can be backed off to obtain better linearity and reduce the EVM. On the other hand, to obtain a meaningful performance in the network, the MPR values need to be limited so that the UE can reach reasonable EIRP levels in a real network scenario.

[bookmark: _Ref131601595]Proposal 2: 	The MPR of UL 256 QAM needs to be confined so that the UE can reach reasonable EIRP levels in a real network scenario.

Taking power class 1 as an example, the MPR value for 64QAM is already as high as 9 dB in FR2-1 in the worst-case scenario. Therefore, the actual peak EIRP of UEs that pass the 3GPP test for 64 QAM can, in practice, be as low as:  

40 dBm [PC1 minimum peak EIRP] – 9 dB [MPR] –5 [Pcmax tolerance] – 3 dB [TT] = 23 dBm [EIRP for 64 QAM].
For 256 QAM, the worst-case MPR could be expected to be larger than 9 dB or even 10 dB at the outer RB location. In this case, the EIRP for 256 QAM is:

40 dBm [PC1 minimum peak EIRP] – X dB [MPR] –7 [Pcmax tolerance] – 3 dB [TT] = Y dBm [EIRP for 256 QAM].
Based on the discussion in the last RAN4 meeting, the lowest proposed EIRP of UL 256QAM in PC1 is 18 dBm, which limits the MPR for UL 256 QAM not to exceeding 12 dB. In other words, if the specified MPR value for 256QAM is larger than 12 dB, this may result in no dynamic range of device operation in the field. 

Observation 3: with the assumption of 18 dBm minimum EIRP, it is possible that no dynamic range is available if the corresponding MPR is more than 12 dB. 

As mentioned earlier, the largest MPR for 64QAM in FR2-1 is 9 dB. Therefore, it is proposed that the MPR value for 256QAM should be in the range of 0-3 dB higher than 64QAM. 

[bookmark: _Ref131604035]Proposal 3: 	It is proposed that the MPR for UL 256 QAM shall not exceed 3 dB more than 64QAM.  

To further investigate the feasibility of confining the MPR for UL 256QAM, the MPR value of two PA models with full RB allocation is simulated with 200 MHz BW with 120 kHz SCS. The two models are simulated with the same PN and IQ imbalance assumption but different PA models. Model 1 is based on CMOS technology, and model 2 is based on III-V semiconductors. 

Table 2. The MPR simulation results for two PA models with CP-OFDM 200 MHz BW and 120 kHz SCS 

	PA model
	RF impairment
	EVM budget
	MPR for 256 QAM
	MPR for 64 QAM

	CMOS
	PN + IQ imbalance
	-30.8 dB
	11 dB
	7.5 dB

	
	PA nonlinearity
	-34.4 dB
	
	

	III-V
	PN + IQ imbalance
	-30.8 dB
	9.5 dB
	

	
	PA nonlinearity
	-34.2 dB
	
	



The results here are not for defining the MPR for RF requirement but mainly to compare the relative MPR difference between 64QAM and 256 QAM; thus, the results are calibrated according to 7.5 dB power back for 64QAM. It can be observed that though not all PA can meet the proposed limitation, at least it is feasible to meet with some PA implementations. Again, since the target is mainly for FWA/CPE-type devices, it is reasonable to assume more advanced semiconductor technology than for handheld devices. 

Observation 4: It is feasible for implementations to meet the proposed confinement range. 
4 Conclusion
In this contribution, we have discussed the evaluation of MPR for UL 256QAM in FR2-1. The following observations and proposals have been made:
Observation 1: the phase noise examples in TR38.803 does not leave enough EVM margin for 256QAM evaluation.
Observation 2: a denser PTRS configuration does not seem to reduce the EVM performance of CP-OFDM but may affect the DFTs-OFDM.

Observation 3: with the assumption of 18 dBm minimum EIRP, it is possible that no dynamic range is available if the corresponding MPR is more than 12 dB. 

Observation 4: It is feasible for implementations to meet the proposed confinement range. 

Proposal 1: Improved phase noise profile than examples in TR38.803 should be used as the baseline for MPR simulations

Proposal 2: 	The MPR of UL 256 QAM needs to be confined so that the UE can reach reasonable EIRP levels in a real network scenario.

Proposal 3: 	It is proposed that the MPR for UL 256 QAM shall not exceed 3 dB more than 64QAM.  
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