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1. Introduction

In RAN1#89 meeting, the demodulation performance of 1024QAM was initially evaluated to verify the feasibility and benefit of 1024QAM. Then, LS regarding 1024QAM EVM [1] was replied by RAN4 group in RAN4#83 meeting. And the related EVM values were recommended as below:
· Rx EVM

· 2%-4% for typical UEs 

· 1.5% to 2% for high end UEs
· Tx EVM
· 2.0%-2.5% could be assumed in the evaluation for below 3GHz

· 2.0%-3.0% could be assumed in the evaluation for 3GHz-6GHz

In this contribution, we update our simulation results to further show the throughput performance of 1024QAM.
2. Performance evaluation of 1024QAM
2.1 Simulation assumptions
The simulation assumptions [2] are given in Table 1.

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 simulation, the following Tx EVM and Rx EVM values are used based on RAN4 reply LS:

· Tx EVM: 2%, 2.5%

· Rx EVM: 1.5%, 2%, 2.5% 

And fixed MCS are used for all the simulation scenarios are given as below:
· 256QAM, 97896

· 1024QAM, 110136

· 1024QAM, 119816
2.2 Simulation results
Without EVM
The throughput performance of 1024 QAM for TM3, TM4 and TM9 without EVM are shown in Figure 1 to Figure 3. To investigate the gain, the throughput performance of 256 QAM are also included. 
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Figure 1 Throughput for TM3 2 layers under static channel
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a) 2x2 antennas, 2 layers                                 b) 2x4 antennas, 2 layers
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c) 2x8 antennas, 2 layer                                 d) 2x2 antennas, 1 layer
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e) 2x4 antennas, 1 layer                                 f) 2x8 antennas, 1 layer
Figure 2 Throughput for TM4 under TDL-C 10ns
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a) 2x2 antennas                                 b) 2x4 antennas
[image: image10.emf]14 16 18 20 22 24 26 28

2

3

4

5

6

7

8

9

10

x 10

7

SNR

Throughput

TM9,2x8,1-layer,Open-loop,TDL-C 100ns, w/o EVM

 

 

256QAM,97896

1024QAM,110136

1024QAM,119816


c) 2x8 antennas

Figure 3 Throughput for TM9 1 layer under TDL-C 100ns
Further, the following key performance parameters are summarized in Table 2:
· Crossover SNR between 256QAM and 1024QAM

· Throughput gain at [30]dB and [35]dB SNR
Table 2 Crossover SNR and throughput gain (TxEVM=0, RxEVM=0)
	Scenarios
	Antennas
	Crossover SNR (dB)
	Throughput gain at 30dB
	Throughput gain at 35dB

	TM3, 2 layers, AWGN
	2x2
	26.8
	22.1%
	22.4%

	
	2x4
	23.8
	22.4%
	22.4%

	
	2x8
	20.8
	22.4%
	22.4%

	TM4, 2 layers, TDL-A 10ns
	2x2
	35.0
	-2%
	0

	
	2x4
	28.3
	6.6%
	21%

	
	2x8
	23.3
	22.4%
	22.4%

	TM4, 1 layers, TDL-C 10ns
	2x2
	24.4
	20.1%
	22.2%

	
	2x4
	21.2
	22.4%
	22.4%

	
	2x8
	17.7
	22.4%
	22.4%

	TM9, 1 layer, TDL-C 100ns,
Open-loop
	2x2
	29.0
	6%
	16.6%

	
	2x4
	25.2
	22.1%
	22.4%

	
	2x8
	21.2
	22.4%
	22.4%


With EVM
The evaluation results for 1024QAM with different EVM are given in Table 3 to reflect the impact of EVM on 1024QAM gain. And the relevant throughput curves are provided in Annex.
Table 3 Crossover SNR and throughput gain with EVM

	Scenarios
	Tx EVM, Rx EVM
	Crossover SNR (dB)
	Throughput gain at 30dB
	Throughput gain at 35dB

	TM3, 2 layers, AWGN, 2x2
	0, 0
	26.8
	22.1%
	22.4%

	
	2%, 1.5%
	27.8
	12.5%
	22%

	
	2%, 2%
	28.8
	12.5%
	21.5%

	
	2%, 2.5%
	29.6
	12.2%
	20.4%

	
	2.5%, 2.5%
	30.4
	-8.3%
	12.5%

	TM4, 1 layers, 2x4, TDL-A 10ns, 
	0, 0
	21.2
	22.4%
	22.4%

	
	2%, 1.5%
	21.8
	22.4%
	22.4%

	
	2%, 2%
	21.9
	22.4%
	22.4%

	
	2%, 2.5%
	22
	22.3%
	22.4%

	
	2.5%, 1.5%
	21.9
	22.3%
	22.4%

	
	2.5%, 2%
	22.1
	22.1%
	22.4%

	
	2.5%, 2.5%
	22.6
	22.1%
	22.3%

	TM9, 1 layer, 2x4, TDL-C 100ns,

Open-loop
	0, 0
	25.2
	22.1%
	22.4%

	
	2%, 1.5%
	26.1
	12.5%
	21.9%

	
	2%, 2%
	26.2
	12.5%
	21%

	
	2%, 2.5%
	26.8
	12.4%
	17.9%

	
	2.5%, 1.5%
	27.1
	12.5%
	16.8%

	
	2.5%, 2%
	27.2
	12.4%
	12.5%

	
	2.5%, 2.5%
	27.7
	11.7%
	12.5%


Based on the simulation results, we have the following observations:

Observation 1: For Tx EVM=0 and Rx EVM=0, 

· The crossover SNR is 24.4dB~35dB for 2x2 antennas.

· The crossover SNR is 21.2dB~28.3dB for 2x4 antennas.

· The crossover SNR is 17.7dB~23.3dB for 2x8 antennas.
Observation 2: For TM3 2-layer with AWGN and 2x2 antennas,

· 1024QAM provides the throughput gain of 12.2%~22.1% at 30dB for Tx EVM=0~2% and Rx EVM=0~2.5%.

· 1024QAM provides the throughput gain of 12.5%~22.4% at 35dB for Tx EVM=0~2.5% and Rx EVM=0~2.5%.

· The crossover SNR is 26.8~30.4dB for Tx EVM=0~2.5% and Rx EVM=0~2.5%.

Observation 3: For TM4 1-layer with TDL-C, 2x4 antennas, Tx EVM=0~2.5% and Rx EVM=0~2.5%,  
· 1024QAM provides the throughput gain of more than 22% at 30dB.

· The crossover SNR is 21.2~22.6dB.
Observation 4: For TM9 1-layer with TDL-C, 2x4 antennas, Tx EVM=0~2.5% and Rx EVM=0~2.5%, 
· 1024QAM provides the throughput gain of 11.7%~22.1% at 30dB.
· 1024QAM provides the throughput gain of 12.5%~22.4% at 35dB.

· The crossover SNR is 25.2~27.7dB.
Observation 5: With increased number of receiving antennas, the crossover SNR is decreased.
Observation 6: With increased number of receiving antennas, 1024QAM provides the throughput gain in more accessible SNR region.

Observation 7: With increased Tx/Rx EVM, the throughput gain is decreased.
Observation 8: With increased Tx/Rx EVM, the crossover SNR is increased.
Observation 9: 1024QAM can provide the obvious throughput gain for both AWGN channel and fading channel.

Proposal: 1024QAM modulation mode should be adopted in LTE Release-15.
3. Conclusion

In this contribution, we provide the updated simulation results for 1024QAM performance evaluation. And based on these simulation results, the relevant observations and proposal are given as below:
Observation 1: For Tx EVM=0 and Rx EVM=0, 

· The crossover SNR is 24.4dB~35dB for 2x2 antennas.

· The crossover SNR is 21.2dB~28.3dB for 2x4 antennas.

· The crossover SNR is 17.7dB~23.3dB for 2x8 antennas.

Observation 2: For TM3 2-layer with AWGN and 2x2 antennas,

· 1024QAM provides the throughput gain of 12.2%~22.1% at 30dB for Tx EVM=0~2% and Rx EVM=0~2.5%.

· 1024QAM provides the throughput gain of 12.5%~22.4% at 35dB for Tx EVM=0~2.5% and Rx EVM=0~2.5%.

· The crossover SNR is 26.8~30.4dB for Tx EVM=0~2.5% and Rx EVM=0~2.5%.

Observation 3: For TM4 1-layer with TDL-C, 2x4 antennas, Tx EVM=0~2.5% and Rx EVM=0~2.5%,  

· 1024QAM provides the throughput gain of more than 22% at 30dB.

· The crossover SNR is 21.2~22.6dB.
Observation 4: For TM9 1-layer with TDL-C, 2x4 antennas, Tx EVM=0~2.5% and Rx EVM=0~2.5%, 

· 1024QAM provides the throughput gain of 11.7%~22.1% at 30dB.

· 1024QAM provides the throughput gain of 12.5%~22.4% at 35dB.

· The crossover SNR is 25.2~27.7dB.

Observation 5: With increased number of receiving antennas, the crossover SNR is decreased.
Observation 6: With increased number of receiving antennas, 1024QAM provides the throughput gain in more accessible SNR region.

Observation 7: With increased Tx/Rx EVM, the throughput gain is decreased.

Observation 8: With increased Tx/Rx EVM, the crossover SNR is increased.
Observation 9: 1024QAM can provide the obvious throughput gain for both AWGN channel and fading channel.
Proposal: 1024QAM modulation mode should be adopted in LTE Release-15.
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Annex: Throughput performance with Tx and Rx EVM
· TM3
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(1) TxEVM=2%, RxEVM=1.5%                        (2) TxEVM=2%, RxEVM=2%
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(3) TxEVM=2%, RxEVM=2.5%                        (4) TxEVM=2.5%, RxEVM=2.5%

· TM4
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(5) TxEVM=2%, RxEVM=1.5%                        (6) TxEVM=2%, RxEVM=2%
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(7) TxEVM=2%, RxEVM=2.5%                        (8) TxEVM=2.5%, RxEVM=1.5%
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(9) TxEVM=2.5%, RxEVM=2%                        (10) TxEVM=2.5%, RxEVM=2.5%
· TM9 
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(11) TxEVM=2%, RxEVM=1.5%                        (12) TxEVM=2%, RxEVM=2%
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(13) TxEVM=2%, RxEVM=1.5%                       (14) TxEVM=2%, RxEVM=2%
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(15) TxEVM=2%, RxEVM=1.5%                       (16) TxEVM=2%, RxEVM=2%

