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1  Introduction 
FR2 UL 256QAM has been analyzed and specified in Rel-18. The goals are captured in WID [1]. The modulation is enabled for power classes PC1, PC2 and PC5. PC3 was set to secondary priority and time constraints prevented completion of this power class in Rel-18. With the advent of Rel-19 it should be considered to complete the missing requirements for PC3. In fact, Rel-19 might offer the last opportunity to achieve industry wide adoption of FR2-1 UL 256QAM for handhelds due to the late cycle of NR specification and development. This contribution provides a summary on 256QAM and an outlook on PC3 specification.
2  Discussion
The introduction of FR2 UL 256QAM was handled in Rel-18 and implementation has recently been completed for FWA type devices. UE RF requirements are specified for PC1, PC2 and PC5 and can be found in TS 38.101-2 v18.4.0 while the evaluation results are captured in [2].
During the investigation phase RAN4 analyzed important RF aspects such as amplifier performance, phase noise, gain and operating SNR. It became evident that FR2 UL 256QAM holds considerable challenges due to the high phase noise, IQ image and amplifier non-linearity. Improvements to RF chain were necessary to enable support. Achieving major performance enhancements are more critical for handheld devices than for FWA. Therefore, very early in the process it was decided to make handhelds (and consequently PC3) a secondary target. The implementation effort majorly focused on the remaining power classes PC1, PC2 and PC5 typically considered for FWA type devices. Even with good performance of FWA devices the specification of suited RF requirements turned out to be challenging. Phase noise performance was improved by introducing new profiles based on up-to-date technology. Additionally, modern amplifier models were used for simulations and IQ image enhancement was discussed. Those efforts resulted in considerable improvements regarding MPR need for 256QAM. Finally, for single CC the MPR delta between 64QAM and 256QAM was specified as 3dB. This was required to keep the MPR at reasonable levels and UL coverage does not degrade excessively. Due to the growing phase noise with higher frequencies an additional dB is granted for mid-bands. Those improvements illustrate that FWA devices need to feature substantially enhanced RF capability compared to RAN4 minimum performance assumptions for FR2.
Observation 1: Considerable improvements to RF assumptions were needed to enable FR2 UL 256QAM. Bleeding edge technology is required to meet improved phase noise, amplifier, and IQ image performance assumptions. Due to hardware challenges the focus was laid on FWA type devices and FR2 UL 256QAM is specified for power classes PC1, PC2 and PC5.
Handhelds feature smaller form factor and tighter power consumption requirements. Especially, power consumption constraints demand strained designs with lesser performance regarding phase noise and amplifier linearity compared to FWA. PC3 was considered second priority, and the Rel-18 timeframe was not sufficient to finalize this power class. RAN4 even agreed in [3] that it can be removed from the WID. The major focus was laid on FWA as it crystalized that industry demand is greatest for these kinds of devices. Even with handhelds being second priority an increase in throughput from UL 256QAM would provide major benefit to the consumer market due to meeting the ever-increasing demand in faster up- and download speeds. 
Observation 2: Handhelds were set as secondary priority, and no requirements are introduced to Rel-18 for PC3. Due to the tighter form factor and power constraints the implementation challenge is greater than for FWA. However, there is an ever-increasing demand for higher throughput and the handheld consumer market would benefit from faster up- and download speeds enabled by UL 256QAM.
The upcoming Rel-19 provides a chance to finish specification on FR2-1 UL 256QAM. Handheld performance could be analyzed and missing requirements for PC3 introduced to the specification. Due to the late cycle of NR specification and development, Rel-19 might offer the last possibility to achieve industry wide adoption of UL 256QAM for handhelds. Therefore, it seems to be a fundamental decision whether to create a PC3 UL 256QAM WI for Rel-19 or not.
Observation 3: The upcoming Rel-19 provides the chance to finish specification on FR2-1 UL256QAM. Due to the late cycle of NR specification and development Rel-19 might offer the last opportunity to achieve industry wide adoption of UL 256QAM for handhelds. 
The tighter RF performance of PC3 devices compared to FWA is expected to lead to higher MPR causing reduced UL coverage and unfeasible small dynamic range. The discussion for FWA devices has shown that coverage is critical in FR2 which puts great efforts on the goal of avoiding higher power back-off. The introduction of asymmetric Tx/Rx EVM would be aligned with keeping power back-off at reasonable level for handheld devices. A slight relaxation to Tx EVM for PC3 might avoid increased MPR needs. Through careful pick of the relaxation, the system throughput contraction should be minimized while reducing implementation challenge. A potential Rel-19 work item could explore the impact of Tx EVM relaxation with respect to MPR and conduct system level simulations to observe throughput.
Below is a summary on potential key objectives for a Rel-19 WI:
· Introduce requirements for FR2-1 PC3 UL 256QAM.
· Evaluate performance assumptions of handheld devices
· Amplifier non-linearity
· Phase noise performance
· IQ Image
· Discuss potential of PTRS for PC3
· As alternative to increasing MPR consider modification of EVM budget: Explore relaxation for Tx EVM. Higher allowance for Tx EVM could avoid the need for increased MPR preventing unfeasible small dynamic range and shrinking of cell size. 
· System level simulation
· Power back-off simulations

Observation 4: The tighter RF performance of PC3 devices compared to FWA is expected to lead to higher MPR. This might be avoided by exploring the use of asymmetric Tx/Rx EVM. Through careful Tx EVM relaxation the system throughput contraction should be minimized while reducing implementation challenge for handhelds. A potential Rel-19 work item could explore the following objectives:
· Introduce requirements for FR2-1 PC3 UL 256QAM.
· Evaluate performance assumptions of handheld devices
· Amplifier non-linearity
· Phase noise performance
· IQ Image
· Discuss potential of PTRS for PC3
· As alternative to increasing MPR consider modification of EVM budget: Explore relaxation for Tx EVM. Higher allowance for Tx EVM could avoid the need for increased MPR preventing unfeasible small dynamic range and shrinking of cell size. 
· System level simulation
· Power back-off simulations
3  Conclusions
This contribution summarizes the Rel-18 standardization efforts on FR2 UL 256QAM and proposes to continue the path to finalize specification for PC3. It is suggested to explore performance of PC3 handheld and analyze alternative ways to avoid excessive MPR. Such an alternative can be the use of asymmetric Tx and Rx EVM which has the potential to reduce the implementation challenge and avoid excessive power back-off need.
 Observation 1: Considerable improvements to RF assumptions were needed to enable FR2 UL 256QAM. Bleeding edge technology is required to meet improved phase noise, amplifier, and IQ image performance assumptions. Due to hardware challenges the focus was laid on FWA type devices and FR2 UL 256QAM is specified for power classes PC1, PC2 and PC5.
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