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1 Background
Supporting uplink 256QAM in FR2-1 was further discussed in RAN4 #106, and a WF has been approved [1]. From all WF together, [1], [2] and [3], it has been concluded that the 256 QAM is feasible for PC1/PC2/PC5 for both 29 GHz and 39GHz, however, it is found unfeasible to use 48 GHz to support 256 QAM in uplink in Rel-18. Latest revised WID is found in [4] and remaining Open Issues is found in [5], also copied below (only items regarding 256QAM).

2.4.2	Remaining Open issues
· UL 256QAM
· ICI compensation
· PTRS configuration for EVM test and MPR requirement
· Phase noise profile in MPR simulation
· minimum EIRP
· Basic EVM measurement


In this tdoc further analysis on the MPR performances are provided. 
2 Consideration of MPR performance
To enable the UL 256 QAM in FR2-1, the corresponding MPR values need to be added. The MPR value is possibility to back off the output power on the power amplifier to obtain better linearity and thereby, 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 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 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].
On the other hand, based on the discussion in last RAN4 meeting, the lowest proposed EIRP of UL 256QAM in PC1 is 18 dBm, which limits the MPR for UL 256 QAM to not exceed 12 dB. Moreover, higher EIRP value (e.g., 19.5 dBm) were proposed in last RAN4 meeting, which will further limit the allowed the MPR value to 10.5 dB if it would be agreed. Therefore, we think the MPR value for UL 256 QAM shall not exceed 3 dB more than 64QAM.

[bookmark: _Ref131604035]Proposal 2: 	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, some initial results are presented in this section. 
The simulation model of the device, in our simulation, is based on a measurement result at 28 GHz. For 64QAM and 16QAM, standard FRC A5-3 and A4-3 in 38.104 [6] is used. In this particular device, by taking 16QAM as a reference, the MPR needed for 256QAM is about 7dB more to meet 3.5% EVM relative to 16QAM 17% EVM for the center RB locations case, where the needed MPR for 64QAM is 2dB more than 16QAM to meet 8% EVM requirement. 

More importantly, we have observed that with such a stringent EVM requirement, simply allow large MPR may not be the most efficient solution. The EVM vs. MPR performance starts to show the trend of saturation when the MPR is more than 10 dB. Therefore, it can be expected that some kind of linearization technologies need to be applied, which can help reducing the MPR that the devices otherwise need. This linearization would be up to implementation by vendors


[bookmark: _Ref131604051]Observation 1: 	It is not an efficient method to reduce the EVM by MPR only at a EVM level around 3.5%. 

[bookmark: _Ref131604070]Proposal 3: 	The MPR for UL 256 QAM shall be defined with consideration of both device technology and the system performance.
3 Conclusion
In this contribution, we have discussed the evaluation of MPR for UL 256QAM in FR2-1. The following observations and proposal have been made:
Proposal 1: 	The MPR of UL 256 QAM needs to be confined so that so that the UE can reach reasonable EIRP levels in a real network scenario.

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

Observation 1: 	It is not an efficient method to reduce the EVM by MPR only at a EVM level around 3.5%.

Proposal 3: 	The MPR for UL 256 QAM shall be defined with consideration of both device technology and the system performance.
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