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1.	Introduction
[bookmark: _Hlk67504958]The revised work item on NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 was approved at TSG RAN#96 [1]. One of the objectives of this work item is to investigate and enable UL 256QAM for FR2-1. 
One of the main tasks to investigate and enable UL 256QAM for FR2-1 is to study the gain, operating SNR, phase noise model and implementation aspects. This topic was discussed at TSG RAN4#104-e and the link level simulation assumptions were included in the agreed WF [2]. This contribution provides link level simulation results for FR2-1 UL 256QAM according to the agreed simulation assumptions.

2.	Simulator assumptions
The simulation results in this contribution are obtained with a subset of the agreed simulation cases in [2], because of the time constraint to obtain the simulation results with the whole set of cases. The selected subset of cases is yellow-highlighted in table 1, which is a copy of the simulation assumptions agreed in [2].
Table 1. Simulation assumptions
	Parameter
	Value 

	Carrier frequency
	[bookmark: _Hlk114771648]29 GHz (n257), 39 GHz (n260) and 48GHz (n262)

	CBW
	50 MHz, 100MHz

	SCS
	120 kHz

	Allocated RBs
	Full allocation

	Propagation
	TDL-A  30ns delay spread, 35Hz Doppler frequency
TDL-D 30ns delay spread, 35Hz Doppler frequency
Static (AWGN)

	MCS
	64QAM: 
CP-OFDM: MCS 23, 24 in TS 38.214 Table 5.1.3.1-1, other MCSs are not precluded.
DFT-s-OFDM: MCS 22, 23 in TS 38.214 Table 6.1.4.1-1, other MCSs are not precluded.
256QAM: 
CP-OFDM/DFT-s-OFDM: MCS 21, 23 in TS 38.214 Table 5.1.3.1-2, other MCSs are not precluded.
Baseline: fixed MCSs

	Symbol type 
	CP-OFDM; DFT-s-OFDM

	HARQ 
	8, None 

	Antenna configuration
	Fading channel: 2x2 for Rank1 and Rank2, Low correlation
Static channel: 1x2 for Rank1, 2x2 for Rank2 (using the diagonal matrix)

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PUSCH configuration
	Type A mapping, Start symbol 0, Duration 14 

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	PTRS configuration
	CP-OFDM: KPTRS : 2 (every 2 RBs), LPTRS : 1 (every 1 symbol)
DFT-s-OFDM: ([image: ],[image: ])=(4, 4), LPTRS : 1 (every 1 symbol)

	Phase noise compensation
	Practical based on PTRS

	Phase noise model
	TR 38.803 model (in section 6.1.10 and section 6.1.11)
modelled Phase noise for TX and RX
Option a): example1 (UE)  + example1(BS)
Option b): example2 (UE) + example2(BS)
Option d): example1 (UE) + example2(BS)

	txEVM + rxEVM excluding phase noise for 256QAM
	txEVM: 3%, 3.5%, 4%, rxEVM: 3%, 3.5%, 4%
Option 1: txEVM >= rxEVM; 

	Other parameters
	follow assumptions in TS38.104 Section 11.2.2 .



3.	Simulation results and observations
The link level simulation results at 29 GHz (n257) and 39 GHz (n260) using the highlighted parameters in table 1 are shown in figures 1 and 2, respectively.
[image: ]
Figure 1. Simulation results at 29 GHz (n257)

[image: ]
Figure 2. Simulation results at 39 GHz (n260)

It can be observed from figure 1 that at 29 GHz (n257):
-	If MCS index is 21, 256QAM goes over 64QAM in around 24-25 dB for all simulated EVMs.
-	If MCS index is 23, 256QAM goes over 64QAM in around 28 dB for (transmit and receive) EVM of 3%, around 32 dB for (transmit and receive) EVM of 3.5%, and loses for (transmit and receive) EVM of 4%.
On the other hand, it can be observed from figure 2 that at 39 GHz (n260):
[bookmark: _Hlk114772899]-	Only with (transmit and receive) EVM of 0%, MCS21 for 256QAM seems to win 64QAM in around 36 dB.
Note that the PN is challenging case at 39 GHz (n260), and due to small allocation, the number of PTRS symbols is quite low so even higher complexity ICI compensation would not really help here.

4.	Conclusion
This contribution has provided link level simulation results for FR2-1 UL 256QAM according to the agreed simulation assumptions, with the observations summarized as follows:
Observation 1: For the simulation results at 29 GHz (n257):
-	If MCS index is 21, 256QAM goes over 64QAM in around 24-25 dB for all simulated EVMs.
-	If MCS index is 23, 256QAM goes over 64QAM in around 28 dB for (transmit and receive) EVM of 3%, around 32 dB for (transmit and receive) EVM of 3.5%, and loses for (transmit and receive) EVM of 4%.
Observation 2: For the simulation results at 39 GHz (n260):
-	Only with (transmit and receive) EVM of 0%, MCS21 for 256QAM seems to win 64QAM in around 36 dB.
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