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1. Introduction
RAN4 has been discussing inclusion of 256QAM in NR Rel-15 FR2 specification for several last meetings. Final decision will be based on feasibility study and comparison of performance between 256QAM and 64QAM. 
This contribution includes link level simulation results as a part of feasibility study performed in RAN4.
2. Discussion
Link level simulation results have been obtained for the set of assumptions extracted from document [1] discussed during RAN4 AH-1801 meeting. Main subject of the discussion and corresponding simulation studies is clarification on feasibility of introduction of 256QAM modulation in DL for NR FR2. Feasibility should be evaluated against 64QAM modulation, taking into account comparison of performance for achievable EVM levels.
Following values have been used to obtain simulation results presented in this contribution.

· Carrier frequency: 29 GHz 
· CBW: 50 MHz 
· SCS: 60 kHz
· Number of allocated PRBs: 66 PRBs for 60 kHz SCS
· Fixed MCS:
· 64QAM: Throughput with MCS index 16 in Table 2 (TS 38.214 Table 5.1.3.1-2)
· 256QAM: Throughput with MCS index 21 in Table 2 (TS 38.214 Table 5.1.3.1-2)

· Propagation conditions: 
· TDL-A, 30 ns delay spread, UE speed 3 km/h; 
· 2x2 Low MIMO correlation 
· DMRS configuration: 
· Option 2: Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 2 (i.e. 3 DMRS symbols per slot)
· High density PTRS: KPTRS = 2 (every 2nd RB), LPTRS = 1 (each non-DMRS-carrying OFDM symbol)
· Receiver:
· Realistic/practical channel estimation 
· Practical phase noise compensation based on PTRS
Additional parameters used during link level simulations are as follow:

· DL Tx EVM for 256QAM: 2.5%, 3.5%

· DL Tx EVM for 64QAM: 6%
· Phase noise model according to section 6.1.11 of TR38.803, both for UE and BS.
In performed link level simulations phase noise was added, both for UE and BS, on top of other distortions modelled by EVM. EVM was simulated only on BS Tx side, as the main intention was direct comparison of performance between 256QAM and 64QAM modulations from the perspective of feasible BS Tx EVM values. UE Rx EVM has been modelled by including it into BS Tx EVM.
It should be noted that achievable performance can be better than the agreed phase noise model. This is illustrated e.g. by [2], where a PLL with low power consumption feasible for UE implementation is shown to achieve -34.6 dBc EVM.

Additionally, PA non-linearity is often seen as a major contributor to EVM. We would like to highlight that this issue can be overcome e.g. by using higher power PAs which do not need to operate in heave compression and can still provide the same coverage.

Three curves are illustrated for each simulation set, i.e. combination of modulation order and EVM value:

1. Only BS Tx EVM modeled (blue color).
2. BS Tx EVM and phase noise modeled. Phase noise compensation by PTRS activated (red color)
3. BS Tx EVM and phase noise modeled. Phase noise compensation by PTRS deactivated (black color)
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Figure 1. Link level simulation results - comparison of DL throughput for 64QAM and 256QAM
Obtained simulation results clearly show that phase noise causes noticeable degradation of performance in case of 256QAM, but this can be partially compensated by PTRS. Phase noise compensation of PTRS for 256QAM looks much more efficient compare to 64QAM, as phase noise has bigger impact on performance of 256QAM than 64QAM and therefore PTRS is more efficient in case of 256QAM. For 64QAM, distortions are compensated mostly by DMRS and PTRS has lower impact here. 

Only for lower values of EVM and higher values of SNR, performance of 256QAM can be compared to performance of 64QAM without additional phase noise compensation due to PTRS. However, thanks to PTRS compensation of phase noise, performance of 256QAM can be partially recovered and for moderate ranges of SNR it exceeds performance of 64QAM. It leads to conclusion that for favourable channel conditions, e.g. LOS visibility of small cell access point, end user experience can be further improved if 256QAM with phase noise compensation is applied. Therefore, 256QAM should not be precluded from Rel-15 FR2 specification but allowed in a similar manner as in FR1 specification, i.e. based on manufacturer’s declaration and FR1 DL Tx EVM requirements should be reused.
Observation: 256QAM should not be precluded from Rel-15 FR2 specification but allowed in a similar manner as in FR1 specification, i.e. based on manufacturer’s declaration and FR1 DL Tx EVM requirements should be reused
Proposal: Include 256QAM in NR Rel-15 FR2 specification as a manufacturer’s declaration based requirement and reuse FR1 DL Tx EVM requirements.
3. Conclusion

This contribution includes link level simulation results for evaluation of 256QAM feasibility for Rel-15 FR2 NR. Based on obtained simulation results following observation and proposal is made:
Observation: 256QAM should not be precluded from Rel-15 FR2 specification but allowed in a similar manner as in FR1 specification, i.e. based on manufacturer’s declaration and FR1 DL Tx EVM requirements should be reused
Proposal: Include 256QAM in NR Rel-15 FR2 specification as a manufacturer’s declaration based requirement and reuse FR1 DL Tx EVM requirements.
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