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1. Introduction
The WID for FR2 UL 256QAM was agreed as follows:

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 
The FR2 DL 256QAM was introduced in R16 and a bunch of evaluation have been done. Actually, it is not easy for UE to benefit from DL 256QAM because the required operating SNR is quite high and the situation will be much critical for UL due to the implementation restriction. In this contribution, we provide our preliminary simulation results of UL 256QAM.  
2. Discussion
2.1  Simulation assumption
Our evaluation consists of two parts, link level simulation to evaluate the operating SNR that 256QAM can bring performance gain compared to 64QAM and system level simulation to show the proportion of UE that can benefit from 256QAM in specific scenario. The simulation assumptions are mainly modified from [1] and [2] which are recorded in Annex. The parameters used in this simulation are marked in red. 

2.2 Link level simulation 
· 29 GHz (n257)
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Figure 1 simulation results in 29 GHz

Observation 1a: For AWGN in 29 GHz, UL 256QAM can archive performance gain when SNR >22 dB for EVM = 1% and when SNR >26 dB for EVM = 3%.

Observation 1b: For TDL-A and TDL-D in 29 GHz, UL 256QAM can archive performance gain when SNR >28 dB for EVM = 1% and when SNR >35 dB for EVM = 3%.
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Figure 2 simulation results in 39 GHz

· 48 GHz (n262)
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Figure 3 simulation results in 48 GHz

From the result of 39 GHz and 48 GHz, we can see that UL 256QAM is hard to bring any performance gain under our simulation assumption which may because the phase noise increases with frequency significantly.
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Figure 4 PN difference between 30 GHz and 47GHz

Observation 2: UL 256QAM is hard to provide performance gain in both 39GHz and 48 GHz.

Another thing worth to note is that DFT-s-OFDM have better performance compared to CP-OFDM, this is because the PTRS for DFT-s-OFDM is added in time domain which means it can compensate both CPE and ICI. Considering the DFT-s-OFDM also have lower PAPR and require smaller MPR, DFT-s-OFDM is more feasible to bring enough benefit from UL 256QAM. As for CP-OFDM, if it hardly brings performance gain, we may not need to further discuss its relevant requirements.
 
Observation 3: DFT-s-OFDM waveform require lower operating SNR than CP-OFDM under UL 256QAM.

Proposal 1: Introduce UL 256QAM with DFT-s-OFDM first and further discuss the feasibility of CP-OFDM.

2.3  System level simulation 

The system level simulation only provides the distribution of large scale SINR for PC3 in 29 GHz, and the results shown in follows: 
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Figure 5 UL SINR for PC3 in 29 GHz

[bookmark: _Hlk111040542]Observation 4: For PC3 UE, about 20% UE can archive 26 dB SINR at BS side in Indoor scenario, and it will be further reduced to 5% if adjacent channel interference is considered.

For system simulation, it is noted that the power control model in current TR 38.803 was designed for satisfying the target SNR at BS side is 15 dB and we further modify the CLx-tile so that the target SNR changed to 26 dB which is the operating SNR that UE may benefit from UL 256QAM based on the link level simulation results. However, such power control model will lift output power of most UE and lead the result may not so “typical”. In our understanding, PC3 UE that can achieve larger than 30 dB SNR is already very rare in real scenario. Considering PC3 UE face more challenge in implementation, e.g., power limitation, heating, RF component linearity, etc., we afraid the PC3 UE cannot benefit from UL 256QAM but only increase the UE complexity.

Proposal 2: Exclude PC3 from R18 UL 256QAM discussion scope and update the WID.  

3. Conclusion
In this contribution, we provide our preliminary evaluation results of FR2 UL 256QAM and the observations and proposals are as follows:

Observation 1a: For AWGN in 29 GHz, UL 256QAM can archive performance gain when SNR >22 dB for EVM = 1% and when SNR >26 dB for EVM = 3%.

Observation 1b: For TDL-A and TDL-D in 29 GHz, UL 256QAM can archive performance gain when SNR >30 dB for EVM = 1% and when SNR >35 dB for EVM = 3%.

Observation 2: UL 256QAM is hard to provide performance gain in both 39GHz and 48 GHz.

Observation 3: DFT-s-OFDM waveform require lower operating SNR than CP-OFDM under UL 256QAM.

Observation 4: For PC3 UE, about 20% UE can archive 26 dB SINR at BS side in Indoor scenario, and it will be further reduced to 5% if adjacent channel interference is considered.

Proposal 1: Introduce UL 256QAM with DFT-s-OFDM first and further discuss the feasibility of CP-OFDM.

Proposal 2: Exclude PC3 from R18 UL 256QAM discussion scope and update the WID.
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5. Annex

Table A-1 link level simulation assumptions
	Parameter
	Value 

	Carrier frequency
	29 GHz (n257) /39 GHz (n260)/48 GHz(n262)

	CBW
	50 MHz, 100MHz

	SCS
	60kHz, 120 kHz; 

	Allocated RBs
	Full allocation

	TDD UL-DL pattern
	DDDSU

	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, 26, 28 in TS 38.214 Table 5.1.3.1-1, and other MCSs are not precluded
64QAM(DFT-s-OFDM): MCS 22, 23, 25, 27 in TS 38.214 Table 6.1.3.1-1, 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

	Precoding
	Codebook based

	Symbol type 
	CP-OFDM / DFT-s-OFDM

	HARQ 
	4, 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 (for U slots)

	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
:4, : 4, LPTRS: 1


	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 (BS) + example1(UE)
Option b): example2 (BS) + example2(UE)
Option c): example2 (BS) + example2(BS)
Option d): example2 (BS) + PN model config1: example1(UE)
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=rxEVM = [1%,3%,5%]




Table A-2 system level simulation assumptions
	Parameters
	Urban macro
	Indoor

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	50m x 120m, 12BSs

	Inter-site distance
	200m (baseline)
300m (optional)
	20m

	BS antenna height
	25 m
	3 m

	UE location
	Outdoor/indoor
	Outdoor and indoor
	Indoor

	
	Indoor UE ratio
	20%
	

	
	Low/high Penetration loss ratio
	50% low loss, 50% high loss
	

	
	LOS/NLOS
	LOS and NLOS
	LOS and NLOS

	
	UE antenna height
	Same as 3D-UMa in TR 36.873
	1 m

	UE distribution (horizontal)
	Uniform

	Minimum BS - UE distance (2D)
	35 m
	0 m

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5
	

	Pathloss 
	UMa LOS and NLOS in table 5.2.2.1-1 of 38.803
	InH - Office LOS and NLOS in table 5.2.2.1-1 of 38.803

	Carrier frequency
	29GHz

	BS antenna configuration
	(Mg, Ng, M, N, P) = (1, 1, 8, 16, 2)
(dv, dh) = (0.5λ, 0.5λ)
GE,max = 8 dBi
	(Mg, Ng, M, N, P) = (1, 1, 8, 16, 2)
(dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi

	UE antenna configuration
	PC3 UE:
(Mg, Ng, M, N, P) = (1, 1, 2, 2, 2) (dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi

	System bandwidth
	200MHz

	BS TX power in TRP 
	43dBm
	23 dBm

	UE max power
	23 dBm
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