3GPP TSG-RAN WG1 Meeting #89                                        R1-1707186
Hangzhou, China 15th – 19th May 2017
Source: 
ZTE
Title: 
Performance evaluation of 1024QAM
Agenda Item:
6.2.5.1
Document for:
Discussion
1. Introduction

To investigate the feasibility and benefit of 1024QAM modulation, the simulation assumptions for 1024QAM [1] are agreed in RAN1#88bis meeting. In this contribution, we present simulation results of 1024QAM under these simulation assumptions. Our simulation results show that substantial throughput gain can be achieved by using 1024QAM, with respect to legacy 256 QAM, under some scenarios.
2. Performance evaluation of 1024QAM
2.1. Simulation assumptions

Table 1 presents the simulation assumptions for performance evaluation of 1024QAM. 
Table 1 Simulation assumptions for 1024QAM

	Channel model 
	AWGN, TDL with delay spread of {10, 100}ns

	Doppler 
	5Hz

	Bandwidth
	20 MHz

	Tx EVM 
	Between 0-[3]% 

	Rx EVM 
	Between 0-[3]% 

	Number of tx/rx antennas 
	2T2R, 2T4R, 2T8R, 8T8R (optional) 

	Transmission modes 
	TM3 for open loop

TM4 for closed loop 

TM9/10

	Format of reported results 
	1) Crossover SNR between 256QAM and 1024QAM

2) Throughput gain at [30]dB and [35]dB SNR 

	Modulation mapping 
	Gray mapping (described in R1-1705007) 

	Link adaptation scheme 
	AMC (companies to provide details on the selected scheme)

	Channel estimation 
	Realistic 

	Antenna correlation (Tx and Rx) 
	Uncorrelated 


In our simulation, fixed MCS levels [2] are used for all the simulation scenarios and they are given in Table 2.
Table 2 Modulation and TB size
	Modulation
	Transmit block size
	Efficiency

	256QAM
	97896
	7.4063

	1024QAM
	105528
	7.9837

	1024QAM
	119816
	9.0646


2.2. Simulation results
2.2.1. Without EVM

To investigate the feasibility and benefit of 1024QAM modulation, we evaluate the throughput performance of 1024 QAM for TM3, TM4 and TM9. For comparison, the throughput performance of 256 QAM are also included. The simulation results are shown in Figure 1 to Figure 5.
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Figure 1 TM3 throughput with AWGN and 2x2 antennas
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Figure 2 TM4 throughput with TDL-A 10ns and 2x2 antennas
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Figure 3 TM4 throughput with TDL-A 10ns and 2x8 antennas
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Figure 4 TM9 throughput with TDL-C 100ns and 2x2 antennas
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Figure 5 TM9 throughput with TDL-C 100ns and 2x4 antennas

Based on the simulation results, we summarize the following key performance parameters in Table 3:
1) Crossover SNR between 256QAM and 1024QAM

2) SNR achieving full throughput
3) Throughput gain at [30]dB and [35]dB SNR
Table 3 Required SNR and throughput gain (TxEVM=0, RxEVM=0)
	Scenarios
	MCS
	Crossover SNR between 256QAM and 1024QAM
	SNR achieving full throughput
	Throughput gain at 30dB
	Throughput gain at 35dB

	TM3, 2 layers, 2x2, AWGN
	256QAM, 97896
	-
	25
	-
	-

	
	1024QAM,105528
	25.8
	26
	7.8%
	7.8%

	
	1024QAM,119816
	28.6
	30
	22.4%
	22.4%

	TM4, 2 layers, 2x2, TDL-A 10ns
	256QAM, 97896
	-
	-
	-
	-

	
	1024QAM,105528
	34.8
	-
	-4.4%
	0.4%

	
	1024QAM,119816
	35
	-
	-24.8%
	0

	TM4, 2 layers, 2x8, TDL-A 10ns
	256QAM, 97896
	-
	26
	-
	-

	
	1024QAM,105528
	23.4
	28
	7.8%
	7.8%

	
	1024QAM,119816
	24.1
	30
	22.4%
	22.4%

	TM9, 1 layer, Open-loop, 2x2, TDL-C 100ns
	256QAM, 97896
	-
	36
	-
	-

	
	1024QAM,105528
	28
	36
	7.7%
	7.8%

	
	1024QAM,119816
	32.7
	40
	-25.1%
	17.4%

	TM9, 1 layer, Open-loop, 2x4, TDL-C 100ns
	256QAM, 97896
	-
	28
	-
	-

	
	1024QAM,105528
	23.9
	28
	7.8%
	7.8%

	
	1024QAM,119816
	27.1
	32
	22.1%
	22.4%


Based on the simulation results, we have the following observations:
Observation1: For TM3 2 layers with AWGN and 2x2 antennas, 1024QAM provides throughput gain at SNR>25.8dB region and reaches the full throughput at 26dB for TBS of 105528.

Observation2: For TM4 2 layers with TDL-A 10ns and 2x8 antennas, 1024QAM provides throughput gain at SNR>24.1dB region and reaches the full throughput at 30dB for TBS of 119816.
Observation3: For TM9 1 layer with TDL-C 100ns and 2x4 antennas, 1024QAM provides throughput gain at SNR>23.9dB region and reaches the full throughput at 28dB for TBS of 105528.  
Observation4: 1024QAM can provide a maximum gain of 22.4% compared to 256QAM. 
2.2.2. With EVM

Figure 6 to Figure 8 show TM3, TM4 and TM9 throughput performance with different EVM to reflect the impact of EVM on 1024QAM gain. For 256QAM, since TxEVM = 3% and RxEVM = 0 are applied in RAN4 demodulation simulation, the following simulations for 256QAM use the same EVM value.
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Figure 6 Throughput performance for TM3 under different EVM values
[image: image7.emf]20 22 24 26 28 30 32 34 36 38 40

2

3

4

5

6

7

8

9

x 10

7

SNR

Throughput

TM9,1-layer,Open-loop,2x4,TDL-D10ns

 

 

1024QAM 105528,TxEVM=0 RxEVM=0

1024QAM 105528,TxEVM=1.5% RxEVM=1%

1024QAM 105528,TxEVM=2% RxEVM=1%

1024QAM 105528,TxEVM=2.5% RxEVM=1%

1024QAM 105528,TxEVM=2.5% RxEVM=1.5%

1024QAM 105528,TxEVM=2.5% RxEVM=2%


Figure 7 Throughput performance for TM9 2x4 antennas under different EVM values
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Figure 8 Throughput performance for TM9 2x8 antennas under different EVM values
Based on the simulation results, we have the following observations:
Observation5: With Tx EVM and Rx EVM impairments, 1024QAM can still show the throughput gain.
Observation6: Increase of Tx EVM or Rx EVM will lead to the visible performance loss of 1024QAM.
3. Conclusion

In this contribution, we present the simulation results for 1024QAM and have the following observations:
Observation1: For TM3 2 layers with AWGN and 2x2 antennas, 1024QAM provides throughput gain at SNR>25.8dB region and reaches the full throughput at 26dB for TBS of 105528.

Observation2: For TM4 2 layers with TDL-A 10ns and 2x8 antennas, 1024QAM provides throughput gain at SNR>24.1dB region and reaches the full throughput at 30dB for TBS of 119816.

Observation3: For TM9 1 layer with TDL-C 100ns and 2x4 antennas, 1024QAM provides throughput gain at SNR>23.9dB region and reaches the full throughput at 28dB for TBS of 105528.  

Observation4: 1024QAM can provide a maximum gain of 22.4% compared to 256QAM. 
Observation5: With Tx EVM and Rx EVM impairments, 1024QAM can still show the throughput gain.

Observation6: Increase of Tx EVM or Rx EVM will lead to the visible performance loss of 1024QAM.
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