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1. Introduction
In the RAN#95 meeting, a new WID on NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 was including FR2 UL 256QAM approved [1] and it was revised in RAN #96 meeting [2]. 
The WI objectives for FR2 UL 256 QAM are excerpted here as the reference for the discussion:
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In this contribution, we provide initial link level simulation result for UL 256QAM for FR2 scenarios to study the gain and operating SNR.
2.  Discussion
The initial link level simulation is based on the simulation assumptions as given in Table 2-1 to compare 256QAM performance gain to 64QAM, which refers to the agreed simulation assumption of feasibility study for FR2 DL 256QAM [3].

Table 2-1 Simulation assumptions for throughput comparison of 256QAM and 64QAM

	Parameter 
	Value 

	Carrier frequency
	29 GHz (n257) 

	CBW
	50 MHz

	SCS
	60kHz, 120kHz

	Allocated RBs
	Full allocation

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

	MCS
	64QAM: MCS 23 in TS 38.214 Table 5.1.3.1-1.
256QAM: MCS 21 in TS 38.214 Table 5.1.3.1-2.
Baseline: fixed MCSs.

	Symbol type 
	CP-OFDM

	HARQ 
	None 

	Antenna configuration
	Fading channel: 2x2 for Rank1, Low correlation
Static channel: 1x2 for Rank1

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PUSCH Time domain configuration
	PUSCH mapping type
	A

	
	Start symbol index
	0 

	
	Allocation length
	14 

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	PTRS configuration
	KPTRS : 2 (every 2 RBs), 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
	1%+1%, 1.5%+1.5%, 2%+2%, 2.5%+2.5%, 3%+3%, 3.5%+3.5%

	Other parameters
	follow assumptions in TS38.104 Section 11.2.2 .


We compared three kinds of options based on the phase noise model according to TR 38.803 model.

1) Option b): example2 (UE) + example2(BS)
The link lever simulation results based on 50MHz CBW 60kHz SCS are shown in Figure 2-1 to Figure 2-3 for different fading condition with different EVM. 
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Figure 2-1: Throughput performance by comparing 256QAM to 64QAM for Option B with AWGN 
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Figure 2-2: Throughput performance by comparing 256QAM to 64QAM for Option B with TDL-A
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Figure 2-3: Throughput performance by comparing 256QAM to 64QAM for Option B with TDL-D
From the simulation results for option B, it is shown that with 3.5% Tx EVM and 3.5% Rx EVM, the 256QAM performance gain compared to 64QAM modulation is obtained over 20dB SNR for static channel, 27dB SNR for TDL-A channel and 25dB SNR for TDL-D channel, respectively.
2) Option a): example1 (UE) + example1(BS)
The simulation results based on 50MHz CBW 120kHz SCS for TDL-D channel with different EVM is shown in Figure 2-4:
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Figure 2-4: Throughput performance by comparing 256QAM to 64QAM for Option A with TDL-D

From the simulation results for option A, it is shown that with 3% Tx EVM and 3% Rx EVM, the 256QAM performance gain compared to 64QAM modulation is obtained over 22dB SNR for TDL-D channel.
3) Option d): example1 (UE) + example2 (BS)

The simulation results based on 50MHz CBW 120kHz SCS for TDL-D channel with different EVM is shown in Figure 2-5:
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Figure 2-5: Throughput performance by comparing 256QAM to 64QAM for Option D with TDL-D
From the simulation results for option D, it is shown that with 3% Tx EVM and 3% Rx EVM, the 256QAM performance gain compared to 64QAM modulation is obtained over 22dB SNR for TDL-D channel.
3. Conclusion

This contribution presented our initial simulation results for UL 256QAM in FR2. From link level simulation results we can conclude that 256QAM performance is very sensitive to RF impairments (i.e. EVM level). For different phase noise model and different fading conditions (AWGN, TDL-A and TDL-D) with different EVM, the performance gain could be observed below 27dB SNR.  

To further align the simulation results, we proposed below simulation assumption:
Proposal: link level simulation assumption for UL 256QAM:
	Parameter
	Value 

	Carrier frequency
	29 GHz (n257) and 39 GHz (n260)

	CBW
	50 MHz, 100MHz

	SCS
	60kHz, 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: MCS 23, 24, 26, 28 in TS 38.214 Table 5.1.3.1-1, and other MCSs are not precluded
256QAM: MCS 21, 23, 25, 27 in TS 38.214 Table 5.1.3.1-2, and 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

	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
	KPTRS : 2 (every 2 RBs), 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 c): example2 (BS) + example2(BS)
Option d): example1 (UE) + example2 (BS) 
Option e): Other phase noise models, e.g. ones extracted from commercially available components or published results, are not excluded

	txEVM + rxEVM excluding phase noise for 256QAM
	txEVM: [1.0%-5.0%], rxEVM: [1.0%-5.0%]
Option 1: txEVM >= rxEVM; Option2: no restriction

	Other parameters
	follow assumptions in TS38.104 Section 11.2.2 .
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UL 256QAM


Investigate and enable UL 256QAM for FR2-1 [RAN4]


Study the gain, operating SNR, phase noise model and implementation aspects


Specify the UE RF requirements


First priority: Targeted power classes are PC1, PC2 and PC5 


Second priority: Targeted power class is PC3 
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