3GPP TSG-RAN WG4 Meeting #93
R4-1913493
Reno, USA, 18th Nov – 22nd Nov, 2019

Source: 
Qualcomm Incorporated
Title: 
TP to TR 38.883 Updated link level simulation results for FR2 DL 256QAM
Agenda Item:
9.12.1
Document for:
Approval
1 Background
This contribution provides a TP to update the link level simulation assumptions and results for the feasibility study of FR2 DL 256QAM.
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5.2.1
Link level simulation
Link level simulation is targeted as mainstream way to evaluate if FR2 256QAM can achieve benefit by comparing to 64QAM. The simulation results from companies are listed as below.
5.2.1.1
Simulation assumptions
The link level simulation assumptions are listed as in table 5.2.1.1-1, based on which, to evaluate the throughput difference between 64QAM and 256QAM. The study aims to identify conditions where DL 256QAM provides performance benefits.
Table 5.2.1.1-1 link level simulation assumptions
	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

	Precoding
	Precoding configuration defined in 38.101-4 Section 7.2 for fading channels and Section 7.5 for static channel; follow PMI

	Symbol type 
	CP-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

	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 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 (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: [1.0%-5.0%], rxEVM: [1.0%-5.0%]
Option 1: txEVM <= rxEVM; Option2: no restriction

	Other parameters
	follow assumptions in 38.101-4 Section 7.2 for fading channels (e.g., case 2-6) and Section 7.5 for static channels


The assumptions adopted by each company are shown as following table 5.2.1.1-2 which are down-selected based on the table 5.2.1.1-1.
Table 5.2.1.1-2 link level simulation assumptions down-selected by companies
	Parameter 
	CTC[5]
	Nokia[6]
	Docomo[7]
	Huawei[8]
	Ericsson[9]
	CATT[10]
	Intel[11]
	Qualcomm[12]

	Carrier frequency
	29 GHz
	29 GHz
	29 GHz
	29 GHz
	(
	29 GHz
	(
	(

	CBW
	50MHz
	100MHz
	100MHz
	50MHz
	(
	50MHz
	50MHz
	100MHz

	SCS
	120kHz
	60kHz
	120kHz
	120kHz
	(
	60kHz
	60kHz
	120kHz

	Allocated RBs
	(
	(
	(
	(
	(
	(
	(
	(

	Propagation
	TDL-A
	(
	
	
	
	(
	(
	(
	(

	
	TDL-D
	(
	(
	
	(
	
	(
	(
	(

	
	Static
	(
	
	(
	
	
	(
	(
	(

	MCS
	64QAM
	28
	26,28
	24,25,26,28
	23,24,26,28
	23,24,26,28
	23
	23,24,26,28
	26,27,28

	
	256QAM
	23, 27
	21,23
	21,23,25,27
	21,23,25,27
	21,23,25,27
	21
	21,23,25,27
	20,21,22

	Precoding
	(
	　
	(
	(
	(
	(
	(
	(

	Symbol type 
	(
	(
	(
	(
	(
	(
	(
	(

	HARQ 
	None  
	None  
	8
	
	None  
	8
	8
	8

	Antenna configuration
	Fading
	2x2 for Rank1
	2x2 for Rank1
	
	(
	1x2 for Rank1
	2x2 for Rank1
	(
	2x2 for Rank2

	
	Static
	1x2 for Rank1
	
	2x2 for Rank2
	
	1x2 for Rank1
	1x2 for Rank1
	(
	2x2 for Rank2

	Channel estimation 
	(
	(
	(
	(
	(
	(
	(
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	Receiver type
	(
	(
	(
	(
	(
	(
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	PDSCH configuration
	(
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	DMRS configuration
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	(
	(
	No additional
	(
	(
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	PTRS configuration
	None  
	(
	(
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	Phase noise compensation
	None  
	(
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	Option a)
	(
	
	(
	(
	(
	
	
	

	
	Option b)
	
	
	
	
	
	(
	
	

	
	Option c)
	
	
	
	
	
	
	(
	(

	
	Option d)
	
	
	
	(
	
	
	(
	

	
	Option e)
	
	(
	
	
	
	
	
	example1BS+example2UE
internal PN model

	txEVM + rxEVM excluding phase noise for 256QAM
	Tx+Rx: 3%, 4%
	txEVM: 3%, 
rxEVM: 3%
	txEVM: 0%, 3%, 
rxEVM: 0%, 3%
	txEVM: 1%-3%, 
rxEVM: 1%-3%
	(
	(
	txEVM: 1%-3%, 
rxEVM: 1%-3%
	Tx:3%
Rx:internal

	Other parameters
	(
	(
	(
	(
	(
	(
	(
	(

	Note: The symbol of ( means selecting the parameters corresponding to table 5.2.1.1-1.
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5.2.1.9
Results from Qualcomm [12]
Table 5.2.1.9-1 compares the SNR points at 90% of peak throughput for two cases under AWGN conditions.

Table 5.2.1.9-1: Comparison of RAN4 and Internal IPN models under AWGN channel condition

	Test Cases
	SNR (dB) at 90% of peak throughput using RAN4 Example1 BS + Example 2 UE IPN model
	SNR (dB) at 90% of peak throughput using internal IPN model
	SNR (dB) at 90% of peak throughput using RAN4 Example2 BS + Example 2 BS IPN model
	Peak Throughput (Mbps)

	64QAM, MCS 26, 2x2, Rank2
	20.51
	19.30
	19.31
	700.72

	64QAM, MCS 27, 2x2, Rank2
	21.93
	20.27
	20.31
	731.60

	64QAM, MCS 28, 2x2, Rank2
	24.10
	21.30
	21.38
	762.95

	256QAM, MCS 21, 2x2, Rank2
	23.38
	20.94
	21.25
	762.95

	256QAM, MCS 22, 2x2, Rank2
	27.03
	22.27
	22.50
	809.97


Based on above results, we have following observations:

Observation 1: Peak Throughput for 64QAM MCS28 is exactly equal to that for 256QAM MCS21.

Observation 2: RAN4 IPN model with example 2 BS on both gNB and UE side is the closest to practical implementation.
Observation 3: SNR needed to achieve 90% of peak throughput for 64QAM MCS28 is slightly higher than that for 256QAM MCS21 under AWGN conditions.
As RAN4 Example1 BS + Example 2 UE IPN model is very pessimistic, we now focus on our internal IPN model and RAN4 Example2 BS + Example 2 BS IPN model for the rest of the simulations.

Simulation Results without EVM

In this section, we compare the 64QAM and 256QAM performance under different channel conditions and carrier frequencies to determine whether 256QAM can provide gains over 64QAM under FR2. Here, we look at 70% and 90% of peak throughput since most of the RAN4 fixed MCS requirements are defined at 70% of peak throughput. For all simulations, we assumed our internal IPN model.

Table 5.2.1.9-2and Table 5.2.1.9-3 list the SNRs required to achieve 70% and 90% of peak throughput under different channel conditions with carrier frequency of 29GHz and 39GHz, respectively without considering any Tx/Rx EVM for internal IPN model. Table 5.2.1.9-4 and Table 5.2.1.9-5 list the same for RAN4 Example2 BS + Example2 BS IPN model.
Table 5.2.1.9-2: SNR required to achieve 70% and 90% of peak throughput without EVM, carrier frequency = 29GHz for internal IPN model
	Test Cases
	AWGN SNR (dB)
	TDL-D 30ns 35Hz SNR (dB)
	TDL-A 30ns 35Hz SNR (dB)

	% of Peak Throughput
	70%
	90%
	70%
	90%
	70%
	90%

	64QAM, MCS 26, 2x2, Rank2
	18.90
	19.30
	20.72
	22.15
	25.49
	28.03

	64QAM, MCS 27, 2x2, Rank2
	19.81
	20.27
	21.53
	23.18
	27.00
	29.60

	64QAM, MCS 28, 2x2, Rank2
	20.90
	21.30
	22.90
	24.28
	28.93
	32.15

	256QAM, MCS 20, 2x2, Rank2
	19.89
	20.30
	21.56
	23.25
	26.30
	28.59

	256QAM, MCS 21, 2x2, Rank2
	20.12
	20.94
	22.34
	24.00
	27.22
	29.72

	256QAM, MCS 22, 2x2, Rank2
	21.78
	22.27
	23.72
	25.58
	28.77
	31.50


Table 5.2.1.9-3: SNR required to achieve 70% and 90% of peak throughput without EVM, carrier frequency = 39GHz for internal IPN model
	Test Cases
	AWGN SNR (dB)
	TDL-D 30ns 35Hz SNR (dB)
	TDL-A 30ns 35Hz SNR (dB)

	% of Peak Throughput
	70%
	90%
	70%
	90%
	70%
	90%

	64QAM, MCS 26, 2x2, Rank2
	18.90
	19.30
	21.01
	22.34
	26.01
	28.59

	64QAM, MCS 27, 2x2, Rank2
	19.90
	20.30
	21.80
	23.62
	27.55
	30.33

	64QAM, MCS 28, 2x2, Rank2
	20.94
	21.37
	23.32
	24.91
	29.87
	-

	256QAM, MCS 20, 2x2, Rank2
	19.91
	20.32
	21.80
	23.65
	26.88
	29.42

	256QAM, MCS 21, 2x2, Rank2
	20.87
	21.31
	22.87
	24.29
	27.87
	30.43

	256QAM, MCS 22, 2x2, Rank2
	22.00
	22.53
	24.41
	26.18
	29.79
	-


Table 5.2.1.9-4: SNR required to achieve 70% and 90% of peak throughput without EVM, carrier frequency = 29GHz for RAN4 Example2 BS + Example2 BS IPN model
	Test Cases
	AWGN SNR (dB)
	TDL-D 30ns 35Hz SNR (dB)
	TDL-A 30ns 35Hz SNR (dB)

	% of Peak Throughput
	70%
	90%
	70%
	90%
	70%
	90%

	64QAM, MCS 26, 2x2, Rank2
	18.90
	19.31
	20.78
	22.12
	26.04
	28.77

	64QAM, MCS 27, 2x2, Rank2
	19.88
	20.31
	21.60
	23.29
	27.58
	30.51

	64QAM, MCS 28, 2x2, Rank2
	20.94
	21.38
	23.14
	24.46
	30.00
	-

	256QAM, MCS 20, 2x2, Rank2
	19.91
	20.32
	21.71
	23.49
	26.94
	29.65

	256QAM, MCS 21, 2x2, Rank2
	20.70
	21.25
	22.81
	24.24
	28.00
	30.99

	256QAM, MCS 22, 2x2, Rank2
	21.98
	22.50
	24.44
	26.17
	30.11
	-


Table 5.2.1.9-5: SNR required to achieve 70% and 90% of peak throughput without EVM, carrier frequency = 39GHz for RAN4 Example2 BS + Example2 BS IPN model
	Test Cases
	AWGN SNR (dB)
	TDL-D 30ns 35Hz SNR (dB)
	TDL-A 30ns 35Hz SNR (dB)

	% of Peak Throughput
	70%
	90%
	70%
	90%
	70%
	90%

	64QAM, MCS 26, 2x2, Rank2
	19.05
	19.80
	21.26
	22.63
	27.06
	30.22

	64QAM, MCS 27, 2x2, Rank2
	20.09
	20.91
	22.27
	24.06
	28.88
	-

	64QAM, MCS 28, 2x2, Rank2
	21.55
	22.37
	23.98
	26.09
	-
	-

	256QAM, MCS 20, 2x2, Rank2
	20.17
	21.07
	22.54
	24.22
	28.09
	-

	256QAM, MCS 21, 2x2, Rank2
	21.11
	22.03
	23.62
	25.75
	29.58
	-

	256QAM, MCS 22, 2x2, Rank2
	22.93
	24.30
	26.07
	-
	-
	-


Based on above results, we have following observations:

Observation 5: SNR needed to achieve high throughput regime using 64QAM or 256QAM is very high for TDL-A channel model.
Observation 6: For AWGN, 256QAM shows gains for SNR > ~20dB and for TDL-D, 256QAM shows gains for SNR > ~22dB over 64QAM without considering EVM for internal IPN model.

Observation 7: There is < 0.5dB degradation in performance when going from carrier frequency of 29GHz to 39GHz for lower MCS for 256QAM regime under AWGN and TDL-D channel conditions without considering EVM for internal IPN model.
Simulation Results with EVM

In previous sections, we focused on best case scenarios to determine the upper limit of performance. In this section, we present simulation results with EVM since that will be more practical scenario.

As shown in above, very high SNR is needed to achieve high throughput regime under TDL-A condition. Therefore, we will only focus on AWGN and TDL-D channels in this section. We assume Tx EVM of 3% (current RAN4 assumption for 256QAM) for both 64QAM and 256QAM. Rx EVM is assumed as per our internal UE implementation.

Table 5.2.1.9-6 and Table 5.2.1.9-7 list the SNRs required to achieve 70% and 90% of peak throughput under different channel conditions with carrier frequency of 29GHz and 39GHz, respectively with Tx/Rx EVM for internal IPN model. Table 5.2.1.9-8 and Table 5.2.1.9-9 list the same for RAN4 Example2 BS + Example2 BS IPN model.
Table 5.2.1.9-6: SNR required to achieve 70% and 90% of peak throughput with EVM, carrier frequency = 29GHz for internal IPN model
	Test Cases
	AWGN SNR (dB)
	TDL-D 30ns 35Hz SNR (dB)

	% of Peak Throughput
	70%
	90%
	70%
	90%

	64QAM, MCS 26, 2x2, Rank2
	18.90
	19.30
	21.18
	22.50

	64QAM, MCS 27, 2x2, Rank2
	19.90
	20.30
	22.02
	23.84

	64QAM, MCS 28, 2x2, Rank2
	20.95
	21.40
	23.54
	25.35

	256QAM, MCS 20, 2x2, Rank2
	19.91
	20.32
	22.06
	23.89

	256QAM, MCS 21, 2x2, Rank2
	20.91
	21.33
	23.09
	24.58

	256QAM, MCS 22, 2x2, Rank2
	21.99
	22.48
	24.78
	26.40


Table 5.2.1.9-7: SNR required to achieve 70% and 90% of peak throughput with EVM, carrier frequency = 39GHz for internal IPN model
	Test Cases
	AWGN SNR (dB)
	TDL-D 30ns 35Hz SNR (dB)

	% of Peak Throughput
	70%
	90%
	70%
	90%

	64QAM, MCS 26, 2x2, Rank2
	18.95
	19.39
	21.42
	23.12

	64QAM, MCS 27, 2x2, Rank2
	19.98
	20.46
	22.54
	24.14

	64QAM, MCS 28, 2x2, Rank2
	21.68
	22.25
	24.06
	25.96

	256QAM, MCS 20, 2x2, Rank2
	20.09
	20.87
	22.55
	24.21

	256QAM, MCS 21, 2x2, Rank2
	21.02
	21.63
	23.55
	25.47

	256QAM, MCS 22, 2x2, Rank2
	22.85
	23.38
	25.60
	27.79


Table 5.2.1.9-8: SNR required to achieve 70% and 90% of peak throughput with EVM, carrier frequency = 29GHz for RAN4 Example2 BS + Example2 BS IPN model
	Test Cases
	AWGN SNR (dB)
	TDL-D 30ns 35Hz SNR (dB)

	% of Peak Throughput
	70%
	90%
	70%
	90%

	64QAM, MCS 26, 2x2, Rank2
	18.95
	19.40
	21.22
	22.46

	64QAM, MCS 27, 2x2, Rank2
	19.97
	20.43
	22.19
	23.94

	64QAM, MCS 28, 2x2, Rank2
	21.39
	22.17
	23.86
	25.80

	256QAM, MCS 20, 2x2, Rank2
	20.02
	20.64
	22.46
	24.10

	256QAM, MCS 21, 2x2, Rank2
	20.98
	21.46
	23.53
	25.41

	256QAM, MCS 22, 2x2, Rank2
	22.72
	23.40
	25.69
	28.05


Table 5.2.1.9-9: SNR required to achieve 70% and 90% of peak throughput with EVM, carrier frequency = 39GHz for RAN4 Example2 BS + Example2 BS IPN model
	Test Cases
	AWGN SNR (dB)
	TDL-D 30ns 35Hz SNR (dB)

	% of Peak Throughput
	70%
	90%
	70%
	90%

	64QAM, MCS 26, 2x2, Rank2
	19.55
	20.26
	21.68
	23.57

	64QAM, MCS 27, 2x2, Rank2
	20.68
	21.35
	23.11
	24.89

	64QAM, MCS 28, 2x2, Rank2
	22.12
	23.14
	25.22
	27.85

	256QAM, MCS 20, 2x2, Rank2
	20.82
	21.42
	23.32
	25.42

	256QAM, MCS 21, 2x2, Rank2
	21.78
	22.53
	24.73
	27.32

	256QAM, MCS 22, 2x2, Rank2
	23.84
	25.60
	28.23
	-


Based on above results, we have following observations:

Observation 8: For AWGN, 256QAM shows gains for SNR > ~21dB and for TDL-D, 256QAM shows gains for SNR > ~23dB over 64QAM with EVM consideration for internal IPN model.
<Text omit>
5.2.1.10
Conclusion

Based on the simulation results and observations provided above, the following table summarizes the minimum required SNR in which 256QAM shows benefit by comparing to 64QAM below in table 5.2.1.10-1. Also, Table 5.2.1.10-2 provides information about performance benefit of 256QAM over 64QAM proposed by companies.
Table 5.2.1.10-1: SNR required to achieve gains for 256QAM
	Contributor
	AWGN SNR (dB)
	TDL-D SNR (dB)
	TDL-A SNR (dB)

	China Telecom
	> 20dB
	> 24dB
	> 25dB

	Nokia
	
	>23dB
	

	DoCoMo
	> 21dB
	> 25dB
	

	Huawei
	> 23dB
	> 24dB
	

	Ericsson
	
	> 24dB
	 No benefit

	CATT
	> 21dB
	> 27dB
	> 31dB

	Intel
	> 25dB
	> 30dB
	> 35dB

	Qualcomm
	> 21dB
	> 23dB
	

	Average
	22dB
	25dB
	


Table 5.2.1.10-2: Performance benefit of 256QAM over 64QAM based on company-specific SNR, EVM, phase noise and channel rank
	Contributor
	AWGN channel
	TDL-D channel
	TDL-A channel

	China Telecom
	12%
	12%
	10%

	Nokia
	
	14%
	

	DoCoMo
	
	
	

	Huawei
	
	
	

	Ericsson
	
	10%
	No benefit

	CATT
	
	
	

	Intel
	12%
	2%
	No benefit

	Qualcomm
	17%
	4%
	No benefit

	
	
	
	


It can be concluded that from link level simulation point, FR2 DL 256QAM is feasible at line of sight channel condition including at static channel with SNR> 22dB and at TDL-D channel with SNR> 25dB. The proposed performance benefits of 256QAM over 64QAM can be observed in Table 5.2.1.10-2..
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