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1 Background
Supporting uplink 256QAM in FR2-1 was further discussed in RAN4 #108, and a WF has been approved [1], where it has been agreed that no PTRS will be configured in the EVM test for both CP-OFDM and DFT-OFDM.

The main remaining issue is the MPR values. In this contribution, we provide an analysis of the MPR value. 
2 Simulation of MPR 
The MPR for CP-OFDM for 100 MHz and 400 MHz BW are simulated for PC1 with 120 kHz SCS. The power amplifier is modeled based on a couple of different III-V semiconductor PA models. Other simulation assumptions are listed below, and the simulated MPR is shown in Table.1 

· The phase noise model proposed by QC has been adopted in the simulation [1], where the EVM budget for Phase noise + IQ imbalance is -30.8 dB.  
Both simulation results with PTRS (L-PTRS = 1 K-PTRS =2) and no PTRS are provided in Table. I and Table.II, respectively. In general, the results without PTRS for CP-OFDM are 1 to 0.5 dB worse than the PTRS configuration (L-PTRS = 1 K-PTRS =2)

Table I. The MPR simulation results for CP-OFDM with 120 kHz SCS for PC1 with PTRS L-PTRS = 1 K-PTRS =2
		Waveform
	BWchanne
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	CP-OFDM
	100 MHz
	10.4
	11.4
	11.2

	
	400 MHz
	11
	10.2
	10.8




Table II. The MPR simulation results for CP-OFDM with 120 kHz SCS for PC1 without PTRS
		Waveform
	BWchanne
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	CP-OFDM
	100 MHz
	11.2
	11.6
	11.5

	
	400 MHz
	12
	10.7
	11.3




3 Consideration of MPR Performance for 28 GHz, 39 GHz and CA. 
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 1: The MPR of UL 256 QAM needs to be confined so that the UE can reach reasonable EIRP levels and dynamic range 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 exceed 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 1: 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 2: It is proposed that the MPR for UL 256 QAM shall not exceed 3 dB more than 64QAM.  

There have been a few concerns about adopting the MPR confinement method as this is not the conventional method to define the MPR in previous meetings. However, as we can see, supporting 256 QAM in UL requires extraordinary linearity of the transmitter and faces an extremely tight link budget compared to other modulation orders; it is no longer feasible to only consider the UE implementation without including the impact analysis on the network performance. Therefore, it is necessary to cap the MPR value with a reasonable value to guarantee the network performance. 

Observation 2 it is no longer feasible to only consider the UE implementation without including the impact analysis on the network performance in FR2 due to the extremely link budget when it comes to MPR requirements. 

Observation 3: It is necessary to cap the MPR value with a reasonable value to guarantee the network performance. 

Based on the simulated results, it can be observed that for 400 MHz, the MPR values are well below the “64QAM MPR (7.5 dB for below 200 MHz BW and 9 dB for 400 MHz BW) + 3dB” range in general. Though not all cases (inner region of 100 MHz) can be well-fitted within the proposed range, the values are not far from the proposed limits for narrower BW. In addition, it is worth mentioning that no advanced linearity technologies, e.g., DPD or APD, have been included in such a simulation. Therefore, it can be expected that the MPR confinement, as mentioned above, is feasible to be used to define the MPR values for 256 QAM.

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

From a pragmatic aspect, the simulation-based approach may also be more problematic as more advanced semiconductor technologies than the models that have been captured in 3GPP technic report are needed to support 256QAM in FR2 UL.  Therefore, it will be more straightforward to consider the confining the MPR value. 

MPR for 39 GHz
The MPR value for 39 GHz is still open. As can be seen for other modulation orders, there is no difference between difference frequency bands in FR2-1 in terms of MPR. Though it can be understood that the phase noise may increase at higher frequencies, as we have discussed above, the system has reached a dynamic range limited scenario, and thus, it is preferred not to increase the MPR further for 256QAM as well. UE implementation should strive to use more advanced semiconductor technologies to ensure good performance. Therefore, adopting the same MPR value for 28 GHz and 39 GHz is proposed. 

Proposal 3: use the same MPR values for 39 GHz and 28 GHz. 

MPR for CA
For carrier aggregation, a fixed offset has been applied for different aggregated BW. For example, a 0.5 dB more MPR is allowed for each larger BW class. For 256 QAM, we suggest adopting the principle proposed above (no more than 3dB extra compared to 64 QAM), so that we can confine the MPR level in a reasonable range without violating the existing rules.

Proposal 4: It is proposed that the MPR for UL 256 QAM shall not exceed 3 dB more than 64QAM for CA as well. 

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: 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 2 it is no longer feasible to only consider the UE implementation without including the impact analysis on the network performance in FR2 due to the extremely link budget when it comes to MPR requirements. 

Observation 3: It is necessary to cap the MPR value with a reasonable value to guarantee the network performance. 

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

Proposal 1: The MPR of UL 256 QAM needs to be confined so that the UE can reach reasonable EIRP levels and dynamic range in a real network scenario.

Proposal 2: It is proposed that the MPR for UL 256 QAM shall not exceed 3 dB more than 64QAM.  

Proposal 3: use the same MPR values for 39 GHz and 28 GHz. 
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