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1 Introduction

In the RAN4 #91 meeting WF with simulation assumption of feasibility study for FR2 DL 256QAM was agreed [1]. In the previous RAN4 meeting multiple TPs to TR 38.883 with link level and system level simulation results were agreed [1]-[4]. In this paper we provide simulation result and views on feasibility of DL 256QAM for FR2 scenarios.
2 Discussion
2.1 Link-level performance

In the previous RAN4 meeting we have provided paper with link level simulation results [5], using the simulation assumptions agreed in [1]. 
In Table 1 and Table 2 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 [5].
Table 1. 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 2. 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 #1: 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
2.2 Transmitter EVM 

In this section we analyse the value of Tx EVM required to achieve sufficient performance improvement of 256QAM over 64QAM for FR2 scenarios. For analysis we consider fixed UE impairment assumption and scan different Tx EVM values. Table 3 shows simulation assumptions which is used for performance analysis.
Table 3. Link level simulation assumptions

	Parameter
	Value

	Carrier frequency
	39 GHz

	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 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
	Tx part

· No explicit phase noise model

· EVM: 2%, 2.5%, 3%, 3.5%

Rx part

· Phase noise model - [6] Figure 2-1
· EVM: 3%


In Table 4 we provide the summary of link level results. The detailed simulation results are presented in Annex.
Table 4. Performance improvement of 256QAM over 64QAM for CF 39 GHz
	CF, GHz
	Rank configuration
	Channel model
	Tx EVM
	SNR points

	
	
	
	
	25 dB
	30 dB
	35 dB

	39 GHz
	Rank 1
	Static
	2.0%
	20%
	26%
	26%

	
	
	
	2.5%
	19%
	25%
	26%

	
	
	
	3.0%
	18%
	20%
	25%

	
	
	
	3.5%
	11%
	20%
	25%

	
	
	TDL-D
	2.0%
	2%
	10%
	16%

	
	
	
	2.5%
	2%
	9%
	15%

	
	
	
	3.0%
	2%
	8%
	14%

	
	
	
	3.5%
	2%
	7%
	13%

	
	Rank 2
	Static
	2.0%
	10%
	20%
	25%

	
	
	
	2.5%
	9%
	20%
	23%

	
	
	
	3.0%
	7%
	19%
	20%

	
	
	
	3.5%
	0%
	17%
	20%

	
	
	TDL-D
	2.0%
	-12%
	2%
	7%

	
	
	
	2.5%
	-12%
	1%
	6%

	
	
	
	3.0%
	-12%
	0%
	5%

	
	
	
	3.5%
	-12%
	-1%
	3%


Observations #2: From analysis of required Tx EVM value to achieve benefits of 256QAM we can conclude that:

· Static condition: Performance improvement of 256QAM over 64QAM for SNR region ≥ 25 dB can be observed in case of Tx EVM is 3% or better.
· Fading LOS conditions: Performance improvement of 256QAM over 64QAM for SNR region ≥ 30 dB can be observed in case of Tx EVM is 2.5% or better.
2.3 Test challenge
In the previous RAN4 meeting it was agreed to include section with “Demod test challenge for DL 256QAM” in TR 38.883. One of the more important point is that FR2 testing has limitation on maximum testable SNR. Taking into account that 256QAM works in rather high SNR region, we can face the situation that FR2 256QAM requirements cannot be tested. In this section we analysis the scenarios which can be tested taking into account current limitation on maximum achievable SNR in TE chamber and captured in TR 38.810 [7] for different test methods (i.e. DNF, DFF and IFF). In Table 5 we provide the maximum SNR values from TR 38.810.
Table 5. Max testable SNR in FR2.

	Channel bandwidth
	Test method
	Max SNR

	100 MHz
	DNF
	21.8dB

	
	DFF
	18.5dB

	
	IFF
	19.0dB

	200 MHz
	DNF
	18.7dB

	
	DFF
	15.5dB

	
	IFF
	16.0dB


From Table 5 we can observe that SNR depends on test method. For analysis we suggest to assume test method with the worst SNR condition (i.e. DFF), because test method is up to TE decision and one of this methods cannot be selected as baseline. For DFF method and CBW 100 MHz, maximum testable SNR is 18.5 dB. Same time, if FR2 256QAM will be defined for CBW 50 MHz, then SNR can be increased to 21.5 dB. In Table 6 and Table 7 we provide SNR values for 70% of maximum throughput for different MCSs and different impairments models. Green marks scenarios which can be tested at current stage and red marks scenarios which cannot. “N/A” means that 70% of max T-put is not achievable for SNR < 35 dB for Static channel and SNR < 45 dB for fading channel.
Table 6. SNR for 70% of Max T-put for different 256QAM MCSs for CF 29 GHz.

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

	
	
	
	
	MCS 21
	MCS 23
	MCS 25
	MCS 27
	MCS 21
	MCS 23
	MCS 25
	MCS 27

	29 GHz
	Rank 1
	Static
	1%
	17.0
	19.6
	22.6
	26.8
	17.3
	20.1
	23.4
	29.3

	
	
	
	2%
	17.5
	20.3
	23.7
	29.3
	17.8
	20.8
	24.8
	33.8

	
	
	
	3%
	18.1
	21.3
	25.5
	35.7
	18.4
	21.9
	27.0
	N/A

	
	
	TDL-A
	1%
	19.2
	22.0
	25.6
	32.0
	19.5
	22.6
	26.8
	37.1

	
	
	
	2%
	19.8
	23.0
	27.3
	37.1
	20.1
	23.7
	28.9
	N/A

	
	
	
	3%
	20.6
	24.4
	29.8
	N/A
	21.0
	25.2
	32.2
	N/A

	
	
	TDL-D
	1%
	18.9
	21.5
	25.0
	31.0
	19.2
	22.1
	26.3
	38.5

	
	
	
	2%
	19.4
	22.3
	26.5
	35.6
	19.7
	23.1
	28.5
	N/A

	
	
	
	3%
	20.0
	23.6
	29.1
	N/A
	20.4
	24.8
	32.1
	N/A

	
	Rank 2
	Static
	1%
	20.2
	23.0
	26.2
	31.2
	20.5
	23.4
	27.0
	34.1

	
	
	
	2%
	20.8
	23.9
	27.8
	35.2
	21.2
	24.4
	28.8
	N/A

	
	
	
	3%
	21.6
	25.2
	30.3
	N/A
	21.9
	25.8
	31.9
	N/A

	
	
	TDL-A
	1%
	30.1
	34.3
	44.0
	N/A
	31.7
	39.6
	N/A
	N/A

	
	
	
	2%
	32.0
	37.8
	N/A
	N/A
	34.3
	N/A
	N/A
	N/A

	
	
	
	3%
	34.9
	45.3
	N/A
	N/A
	38.6
	N/A
	N/A
	N/A

	
	
	TDL-D
	1%
	26.6
	30.0
	35.6
	N/A
	27.6
	31.4
	N/A
	N/A

	
	
	
	2%
	28.1
	32.0
	42.7
	N/A
	29.0
	34.5
	N/A
	N/A

	
	
	
	3%
	29.9
	35.9
	N/A
	N/A
	31.4
	41.7
	N/A
	N/A


Table 7. SNR for 70% of Max T-put for different 256QAM MCSs for CF 39 GHz.
	CF, GHz
	Rank configuration
	Channel model
	Tx/ Rx EVM
	Phase noise model C
	Phase noise model D

	
	
	
	
	MCS 21
	MCS 23
	MCS 25
	MCS 27
	MCS 21
	MCS 23
	MCS 25
	MCS 27

	39 GHz
	Rank 1
	Static
	1%
	17.5
	20.5
	24.8
	N/A
	18.0
	21.6
	28.0
	N/A

	
	
	
	2%
	18.0
	21.3
	26.4
	N/A
	18.6
	22.6
	31.2
	N/A

	
	
	
	3%
	18.6
	22.5
	29.7
	N/A
	19.3
	24.1
	N/A
	N/A

	
	
	TDL-A
	1%
	19.8
	23.3
	29.4
	N/A
	20.4
	24.9
	34.8
	N/A

	
	
	
	2%
	20.4
	24.6
	32.4
	N/A
	21.2
	26.1
	N/A
	N/A

	
	
	
	3%
	21.4
	26.1
	40.2
	N/A
	22.3
	28.1
	N/A
	N/A

	
	
	TDL-D
	1%
	19.3
	22.7
	28.9
	N/A
	20.0
	24.6
	38.0
	N/A

	
	
	
	2%
	19.9
	23.9
	32.0
	N/A
	20.7
	26.0
	N/A
	N/A

	
	
	
	3%
	20.8
	25.6
	40.8
	N/A
	21.9
	28.3
	N/A
	N/A

	
	Rank 2
	Static
	1%
	20.8
	24.3
	29.5
	N/A
	21.3
	25.2
	33.1
	N/A

	
	
	
	2%
	21.5
	25.4
	32.4
	N/A
	22.0
	26.6
	N/A
	N/A

	
	
	
	3%
	22.4
	27.1
	N/A
	N/A
	23.0
	28.6
	N/A
	N/A

	
	
	TDL-A
	1%
	31.6
	38.7
	N/A
	N/A
	37.3
	N/A
	N/A
	N/A

	
	
	
	2%
	34.0
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	
	3%
	38.0
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	TDL-D
	1%
	28.1
	33.4
	N/A
	N/A
	29.9
	N/A
	N/A
	N/A

	
	
	
	2%
	29.6
	38.1
	N/A
	N/A
	32.6
	N/A
	N/A
	N/A

	
	
	
	3%
	32.3
	N/A
	N/A
	N/A
	37.6
	N/A
	N/A
	N/A


Observations #3: From analysis on testability of FR2 256QAM we can conclude:
· SNR operating point is rather sensitive to impairment model (i.e. Tx/Rx EVM value and phase noise model)

· FR2 256QAM with CBW 50MHz can be tested for limited set of scenarios

· Static conditions: Rank 1 + MCS 21 or MCS 23 and Rank 2 + MCS 21

· Fading conditions(LOS and NLOS): Only Rank 1 + MCS 21
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 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 #2: From analysis of required Tx EVM value to achieve benefits of 256QAM we can conclude that:

· Static condition: Performance improvement of 256QAM over 64QAM for SNR region ≥ 25 dB can be observed in case of Tx EVM is 3% or better.
· Fading LOS conditions: Performance improvement of 256QAM over 64QAM for SNR region ≥ 30 dB can be observed in case of Tx EVM is 2.5% or better.
Observations #3: From analysis on testability of FR2 256QAM we can conclude:

· SNR operating point is rather sensitive to impairment model (i.e. Tx/Rx EVM value and phase noise model)

· FR2 256QAM with CBW 50MHz can be tested for limited set of scenarios

· Static conditions: Rank 1 + MCS 21 or MCS 23 and Rank 2 + MCS 21

· Fading conditions(LOS and NLOS): Only Rank 1 + MCS 21
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Annex

In Figure 1 we provide link level results using simulation assumptions from Table 3.
	Static channel, Rank 1
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	Figure 1. PDSCH performance for 64QAM and 256QAM for different Tx EVM values.
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