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1 Introduction

In the previous RAN4 meeting WF with simulation assumption of feasibility study for FR2 DL 256QAM was agreed [1]. In this paper we provide simulation result and views on feasibility of DL 256QAM for FR2 scenarios.
2 Discussion
2.1 System-level performance
In this section we provide system-level simulation results, using simulation assumptions from TR 38.802 and TR 38.855. Table 1 provides information on the main simulation assumptions.
Table 1. System level simulation assumptions

	
	Indoor Hotspot
	Urban Micro

	Layout
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, Inter-gNB distance = 20m
	Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 200m

	UE drop procedure
	100% indoors, 
uniformly distributed 
	100% outdoors, 
uniformly distributed 

	Channel model
	Indoor open office from TR 38.901
	UMi Street Canyon from TR 38.901

	Traffic model
	Full buffer

	gNB parameters
	Antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1)

dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2)

dH=dV=0.5λ

	
	Antenna radiation pattern
	TR 38.802 Table A.2.1-7
	TR 38.802 Table A.2.1-6

	
	Number of beams
	8
	16

	
	Beam selection
	Optimal beam for Serving cell, random for neighboring cells

	
	Antenna height
	3 m
	10 m

	
	TX power
	24dBm
	37dBm (per panel)

	UE parameters
(FR2 PC3 UE , Handheld)
	Antenna configuration
	4 antenna elements, 2 panels

	
	Antenna radiation pattern
	Omni, 0dBi

	
	Antenna height
	1.5 m

	
	Avg. element gain
	5 dBi

	
	Implementation loss
	10 dB

	
	Noise figure
	10 dB


Figure 1 shows large scale SINR distribution for considered scenarios.
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	Figure 1. System-level large scale SINR distribution


Observations #1: From system-level simulation results we can observe that:
· Indoor office scenario: 5% of users have SINR  ≥  25 dB 
· Urban micro scenario: 20% of users have SINR ≥ 25 dB  
2.2 Link-level performance

In this section we provide link-level simulation results, using the simulation assumptions agreed in [1]. 
Table 1 shows list of agreed options for modelling of BS and UE phase noise. 
Table 2. Phase noise models
	Phase noise model
	BS side
	UE side

	Option A
	TR 38.803 Example 1 model
	TR 38.803 Example 1 model

	Option B
	TR 38.803 Example 2 model (BS)
	TR 38.803 Example 2 model (UE)

	Option C
	TR 38.803 Example 2 model (BS)
	TR 38.803 Example 2 model (BS)

	Option D
	TR 38.803 Example 2 model (BS)
	TR 38.803 Example 1 model


Table 2 provides information about phase noise residual EVM level after common phase error (CPE) compensation for different phase noise models and for two carrier frequency values (29GHz and 39 GHz). Note that ideal CPE compensation is assumed and practical PT-RS based compensation will provide slightly higher residual EVM. The exact degradation depends on the PT-RS configuration as well as operating SNR point.
Table 3. Residual EVM for different Phase noise models

	Phase noise model
	EVM [%]
	EVM, dB

	
	29 GHz
	39 GHz
	29 GHz
	39 GHz

	TR 38.803 Example 1 model (section 6.1.10)
	3.6
	4.7
	-28.9
	-26.5

	TR 38.803 Example 2 model (section 6.1.11) 
	BS side
	2.1
	2.8
	-33.5
	-31.1

	
	UE side
	5.5
	7.3
	-25.2
	-22.7


In [1] it also was agreed to consider additional EVM level from 1% to 5% on top of phase noise model to take into account impact from other RF impairments. In Table 3 Total EVM values are estimated assuming that additional BS and UE EVM values are same.
Table 4. Total EVM estimation

	Carrier frequency
	EVM excluding PN, [%]
	Total EVM, [%]

	
	
	PN model A
	PN model B
	PN model C
	PN model D

	
	BS
	UE
	TX
	RX
	Total
	TX
	RX
	Total
	TX
	RX
	Total
	TX
	RX
	Total

	29 GHz
	1
	1
	3.7
	3.7
	5.3
	2.3
	5.5
	6.1
	2.3
	2.3
	3.3
	2.3
	3.7
	4.4

	
	2
	2
	4.1
	4.1
	5.8
	2.9
	5.9
	6.5
	2.9
	2.9
	4.1
	2.9
	4.1
	5.0

	
	3
	3
	4.7
	4.7
	6.6
	3.7
	6.3
	7.3
	3.7
	3.7
	5.2
	3.7
	4.7
	5.9

	
	4
	4
	5.4
	5.4
	7.6
	4.5
	6.8
	8.2
	4.5
	4.5
	6.4
	4.5
	5.4
	7.0

	
	5
	5
	6.2
	6.2
	8.7
	5.4
	7.4
	9.2
	5.4
	5.4
	7.7
	5.4
	6.2
	8.2

	39 GHz
	1
	1
	4.8
	4.8
	6.8
	3.0
	7.4
	7.9
	3.0
	3.0
	4.2
	3.0
	4.8
	5.7

	
	2
	2
	5.1
	5.1
	7.2
	3.4
	7.6
	8.3
	3.4
	3.4
	4.9
	3.4
	5.1
	6.2

	
	3
	3
	5.6
	5.6
	7.9
	4.1
	7.9
	8.9
	4.1
	4.1
	5.8
	4.1
	5.6
	6.9

	
	4
	4
	6.2
	6.2
	8.7
	4.9
	8.3
	9.7
	4.9
	4.9
	6.9
	4.9
	6.2
	7.9

	
	5
	5
	6.9
	6.9
	9.7
	5.7
	8.8
	10.5
	5.7
	5.7
	8.1
	5.7
	6.9
	8.9


The total number of agreed EVM scenarios is more than 40 (assuming same TX/RX EVM levels) and a certain downselection is needed. The following scenarios are suggested for further analysis: 
· Phase noise models C and D 
· PN Model C is the most optimistic model and can be used to check potential upper bound performance benefits of DL 256QAM. 

· PN Model D provides a more realistic phase noise model and can be used to assess performance benefits of 256QAM for more realistic/practical conditions
· Residual EVM values (excluding Phase noise) are typically bounded by ~3%.
Figure 2 illustrates the equivalent SNR (AWGN + Total EVM) observed at the UE baseband as a function of receive signal AWGN SNR.
	Carrier frequency 29 GHz
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	Carrier frequency 39 GHz
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	Figure 2. Equivalent SNR vs. AWGN SNR.


Observations #2:
· Significant difference between AWGN SNR and Equivalent SNR at the UE side is observed for SNR > 25 dB (operating region of 256QAM).
· 29 GHz carrier frequency: Equivalent SNR degradation in comparison to AWGN SNR is up to 10 dB for Phase noise model C and 10.5 dB for Phase noise model D.

· 39 GHz carrier frequency: Equivalent SNR degradation in comparison to AWGN SNR is up to 10.5 dB for Phase noise model C and 12 dB for Phase noise model D
The following simulation assumptions are used for link-level analysis:
Table 5. Link level simulation assumptions

	Parameter
	Value

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

	CBW/SCS
	50 MHz CBW + 60 kHz SCS

	TDD UL/DL pattern
	DDDSU, S = 10D+2G+2U

	PDSCH configuration
	Type A mapping, Start symbol 1, Duration 13 (for D slots)

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	PTRS configuration
	KPTRS = 2 (every 2nd RB), LPTRS = 1 (each OFDM symbol)

	Propagation conditions
	Case 1: Static channel

Case 2: Fading NLOS (TDL-A 30 ns, Doppler Spread 35Hz)

Case 3: Fading LOS (TDL-D 30 ns, Doppler Spread 35Hz)

	Antenna configuration
	Fading channel: 2x2, Low correlation

Static channel: 1x2 for Rank1, 2x2 for Rank2

	FRC configuration
	Fixed rank 1, Fixed rank 2, Adaptive rank 1/2 (ideal rank selection, i.e. the highest throughput point from Fixed Rank 1/2 results is selected for each SNR point)
64QAM: MCS 23, 24, 26, 28 from MCS index table 1 (Table 5.1.3.1-1, TS 38.214)
256QAM: MCS 21, 23, 25, 27 from MCS index table 2 (Table 5.1.3.1-2, TS 38.114)

	UE Receiver assumptions
	Realistic/practical channel estimation 

Practical phase noise compensation based on PTRS

MMSE equalizer

	Impairments assumptions
	Phase noise models C and D

Additional EVM on top of phase noise
· Scenario #1: Tx EVM 1% + Rx EVM 1% 

· Scenario #2: Tx EVM 2% + Rx EVM 2%

· Scenario #2: Tx EVM 3% + Rx EVM 3%


In Table 5 and Table 6 we provide summary of simulation results and compare performance of 64QAM and 256QAM for 25, 30 and 35 dB SNR point. The table shows the relative throughput improvement in case of using 256QAM comparing to 64QAM. The detailed simulation results are provided in Annex A.
Table 6. Performance improvement of 256QAM over 64QAM for CF 29 GHz
	CF, GHz
	Rank configuration
	Channel model
	Tx/ Rx EVM
	Phase noise model C
	Phase noise model D

	
	
	
	
	25 dB
	30 dB
	35 dB
	25 dB
	30 dB
	35 dB

	29 GHz
	Rank 1
	Static
	1%
	19%
	21%
	24%
	19%
	19%
	21%

	
	
	
	2%
	15%
	19%
	20%
	11%
	19%
	20%

	
	
	
	3%
	11%
	19%
	19%
	11%
	18%
	19%

	
	
	TDL-A
	1%
	5%
	11%
	19%
	5%
	10%
	18%

	
	
	
	2%
	5%
	9%
	16%
	4%
	9%
	13%

	
	
	
	3%
	3%
	7%
	11%
	1%
	5%
	10%

	
	
	TDL-D
	1%
	4%
	13%
	17%
	2%
	9%
	16%

	
	
	
	2%
	2%
	9%
	15%
	2%
	8%
	12%

	
	
	
	3%
	1%
	7%
	10%
	2%
	5%
	9%

	
	Rank 2
	Static
	1%
	10%
	19%
	19%
	10%
	19%
	19%

	
	
	
	2%
	8%
	15%
	19%
	4%
	12%
	19%

	
	
	
	3%
	0%
	11%
	17%
	0%
	11%
	15%

	
	
	TDL-A
	1%
	-2%
	-9%
	5%
	-2%
	-10%
	0%

	
	
	
	2%
	-1%
	-8%
	0%
	-1%
	-6%
	-10%

	
	
	
	3%
	0%
	-6%
	-11%
	0%
	-5%
	-14%

	
	
	TDL-D
	1%
	-7%
	3%
	9%
	-13%
	3%
	6%

	
	
	
	2%
	-12%
	2%
	6%
	-12%
	0%
	2%

	
	
	
	3%
	-12%
	-3%
	3%
	-12%
	-9%
	2%

	
	Adaptive Rank
	Static
	1%
	10%
	19%
	19%
	10%
	19%
	19%

	
	
	
	2%
	8%
	15%
	19%
	4%
	12%
	19%

	
	
	
	3%
	0%
	11%
	17%
	0%
	11%
	15%

	
	
	TDL-A
	1%
	-2%
	-9%
	5%
	-2%
	-10%
	0%

	
	
	
	2%
	-1%
	-8%
	0%
	-1%
	-6%
	-10%

	
	
	
	3%
	0%
	-6%
	-11%
	0%
	-5%
	-14%

	
	
	TDL-D
	1%
	-7%
	3%
	9%
	-13%
	3%
	6%

	
	
	
	2%
	-12%
	2%
	6%
	-12%
	0%
	2%

	
	
	
	3%
	-12%
	-3%
	3%
	-12%
	-9%
	2%


Table 7. Performance improvement of 256QAM over 64QAM for CF 39 GHz

	CF, GHz
	Rank configuration
	Channel model
	Tx/ Rx EVM
	Phase noise model C
	Phase noise model D

	
	
	
	
	25 dB
	30 dB
	35 dB
	25 dB
	30 dB
	35 dB

	39 GHz
	Rank 1
	Static
	1%
	11%
	16%
	16%
	11%
	11%
	11%

	
	
	
	2%
	11%
	11%
	14%
	10%
	11%
	11%

	
	
	
	3%
	9%
	11%
	11%
	1%
	11%
	11%

	
	
	TDL-A
	1%
	5%
	9%
	11%
	3%
	6%
	11%

	
	
	
	2%
	3%
	6%
	10%
	1%
	6%
	9%

	
	
	
	3%
	0%
	2%
	8%
	-4%
	3%
	4%

	
	
	TDL-D
	1%
	1%
	8%
	10%
	2%
	6%
	9%

	
	
	
	2%
	1%
	2%
	9%
	2%
	1%
	7%

	
	
	
	3%
	1%
	2%
	7%
	-2%
	1%
	2%

	
	Rank 2
	Static
	1%
	0%
	10%
	10%
	0%
	10%
	10%

	
	
	
	2%
	0%
	10%
	10%
	0%
	9%
	10%

	
	
	
	3%
	0%
	4%
	8%
	0%
	0%
	9%

	
	
	TDL-A
	1%
	-3%
	-12%
	-2%
	-1%
	-7%
	-18%

	
	
	
	2%
	-1%
	-7%
	-10%
	0%
	-5%
	-14%

	
	
	
	3%
	0%
	-6%
	-16%
	0%
	-6%
	-8%

	
	
	TDL-D
	1%
	-14%
	1%
	2%
	-12%
	-6%
	1%

	
	
	
	2%
	-12%
	-3%
	2%
	-12%
	-16%
	-2%

	
	
	
	3%
	-11%
	-14%
	1%
	-11%
	-15%
	-14%

	
	Adaptive Rank
	Static
	1%
	0%
	10%
	10%
	0%
	10%
	10%

	
	
	
	2%
	0%
	10%
	10%
	0%
	9%
	10%

	
	
	
	3%
	0%
	4%
	8%
	0%
	0%
	9%

	
	
	TDL-A
	1%
	-3%
	-12%
	-2%
	-1%
	-7%
	-18%

	
	
	
	2%
	-1%
	-7%
	-10%
	0%
	-5%
	-14%

	
	
	
	3%
	0%
	-6%
	-16%
	0%
	-6%
	-8%

	
	
	TDL-D
	1%
	-14%
	1%
	2%
	-12%
	-6%
	1%

	
	
	
	2%
	-12%
	-3%
	2%
	-12%
	-16%
	-2%

	
	
	
	3%
	-11%
	-14%
	1%
	-11%
	-15%
	-14%


Observations #3: From link level results we can conclude
· Static channel model

· 29 GHz carrier frequency: 
· Sufficient performance improvement of 256QAM over 64QAM (> 5%) is observed for MIMO Rank 1 and 2 transmissions and all considered SNR operating points for most of considered scenarios.
· 39 GHz carrier frequency 
· MIMO rank 1: sufficient performance improvement is observed for almost all considered SNR points.

· MIMO rank 2: sufficient performance improvement is observed for SNR > 30 dB only 
· Fading channel models
· Sufficient performance improvement of 256QAM over 64QAM (> 5%) is observed for scenarios with Rank 1 transmission and high SNR conditions (i.e. ≥ 30dB)
· Limited or no performance improvement of 256QAM over 64QAM is observed for Rank 2 transmission

· For phase noise model (i.e. model D), significant performance improvement of 256QAM over 64QAM (> 10%) is observed only for scenarios with 29 GHz carrier frequency, Rank 1 transmission and 35dB SNR

2.3 Summary
From link level simulation results we can conclude that 256QAM performance is very sensitive to RF impairments (i.e. EVM level) and for fading conditions (NLOS and LOS) performance benefits is observed only for Rank 1 transmission in high SNR region (> 25 dB). However, Rank 2 transmission will be used in real deployment for such high SNR due to link adaptation processing. Therefore, using of 64QAM will be more efficient for FR2 scenarios with fading propagation conditions, because 64QAM is more robust to RF impairments and provides better performance than 256QAM for high SNR region and Rank 2 transmission. Same time, performance benefits of 256QAM can be observed for static propagation with Rank 1 and Rank 2 transmissions under certain EVM conditions.
Taking into account, that sufficient performance benefits of 256QAM can be observed only under static propagation conditions, we can conclude that using of 256QAM in FR2 deployment will be useful for specific type of devices, for example CPE device, for which propagation condition can be close to static. Therefore, if it will be agreed to define FR2 256QAM requirements then, on top of TX EVM requirements definition, further discussion on applicability of 256QAM for different UE types (i.e. UE PCs) is needed.
Observations #4: Using of 256QAM in FR2 deployment can be beneficial for specific type of devices, for which propagation conditions are rather close to static, for example CPE devices.
3 Conclusion

In this paper we provided our views on feasibility of DL 256QAM for FR2 scenarios and the following observations are listed:
Observations #1: From system-level simulation results we can observe that:
· Indoor office scenario: 5% of users have SINR  ≥  25 dB 

· Urban micro scenario: 20% of users have SINR ≥ 25 dB  
Observations #2:
· Significant difference between AWGN SNR and Equivalent SNR at the UE side is observed for SNR > 25 dB (operating region of 256QAM).
· 29 GHz carrier frequency: Equivalent SNR degradation in comparison to AWGN SNR is up to 10 dB for Phase noise model C and 10.5 dB for Phase noise model D.

· 39 GHz carrier frequency: Equivalent SNR degradation in comparison to AWGN SNR is up to 10.5 dB for Phase noise model C and 12 dB for Phase noise model D
Observations #3: From link level results we can conclude
· Static channel model

· 29 GHz carrier frequency: 

· Sufficient performance improvement of 256QAM over 64QAM (> 5%) is observed for MIMO Rank 1 and 2 transmissions and all considered SNR operating points for most of considered scenarios.

· 39 GHz carrier frequency 

· MIMO rank 1: sufficient performance improvement is observed for almost all considered SNR points.

· MIMO rank 2: sufficient performance improvement is observed for SNR > 30 dB only 

· Fading channel models

· Sufficient performance improvement of 256QAM over 64QAM (> 5%) is observed for scenarios with Rank 1 transmission and high SNR conditions (i.e. ≥ 30dB)

· Limited or no performance improvement of 256QAM over 64QAM is observed for Rank 2 transmission

· For phase noise model (i.e. model D), significant performance improvement of 256QAM over 64QAM (> 10%) is observed only for scenarios with 29 GHz carrier frequency, Rank 1 transmission and 35dB SNR

Observations #4: Using of 256QAM in FR2 deployment is beneficial for specific type of devices, for which propagation conditions are rather close to static, for example CPE devices.
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Annex A

Figure 3 illustrates link level results for static conditions.
Figure 4 illustrates link level results for TDL-A channel model (NLOS).

Figure 5 illustrates link level results for TDL-D channel model (LOS).

	Static channel model, CF 29GHz, Phase noise model C
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	Static channel model, CF 29GHz, Phase noise model D
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	Static channel model, CF 39GHz, Phase noise model C

	Rank 1
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	Static channel model, CF 39GHz, Phase noise model D
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	Figure 3. Simulation results for Static channel model
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	Figure 4. Simulation results for TDL-A channel model
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