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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#89, observations based on the results submitted were summarized for DL 1024QAM [1] as following. 
Agreements: 
· With increased number of receiving antennas, the crossover SNR is decreased.
· With increased TX/RX EVM, the crossover SNR is increased.
· The gains provided by 1024QAM are higher in scenarios with LOS component.
· The crossover SNR is lower for scenarios with LOS component.
· For 2T2R under TDL-A/B channel, 1024QAM provides performance gain of 3%~10% at 40dB for TX EVM less than or equal to 2%.
· For 2T4R under TDL-A/B channel, 1024QAM provides performance gain of 10%~22% at 35dB for TX EVM less than or equal to 2%.
· For 2T8R under TDL-B/D channel, 1024QAM starts to provide performance gain at 24~28dB for TX EVM less than or equal to 2%.
· For 2T2R under TDL-D/E channel with correlated LOS, 1024QAM provides performance gain of 0-11% at 30dB SNR for TX EVM less than or equal to 2%
· For 2T4R under TDL-D/E channel with correlated LOS, 1024QAM provides performance gains of 11-16% at 30dB SNR for TX EVM less than or equal to 2%
· For 2T2R under TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gain of 0-19% at 30dB SNR for Tx EVM less than or equal to 2% 
· For 2T4R under TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gain of 8-22% at 30dB SNR  for Tx EVM less than or equal to 2% 
· For 2T2R and 2T4R TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gains of 16-22% gain at 35dB SNR
· For 2T8R TDL-D channel, 1024QAM provides performance gains of 12.8%~21% at 35dB SNR for TX EVM less than or equal to 2%
· For 2T2R TDL-A, 1024QAM doesn’t provide performance gains over 256QAM when 2 MIMO layer for Tx/Rx EVMs of {3,1.5}%
· For 2T2R TDL-A, 1024QAM doesn’t provide performance gains over 256QAM when 2 MIMO layer for Tx/Rx EVMs of {3,3}%
· For 2T2R TDL-A, 1024QAM, the peak spectral efficiency of 1024QAM has not been observed for {3,1.5}% Tx/Rx
In this contribution, according to LS replied from RAN4 [2], further corresponding evaluation results are presented to show feasibility and benefit of DL 1024QAM.
Link level results
Simulation assumption
According to RAN4 recommendations on TX/RX EVM presented as following [2], further evaluations are performed, for TX EVM [2%,  2.5%, 3%], and RX EVM [1.5%, 2%, 3%, 4%]. Detailed simulation assumptions are summarized in Table 3 of Appendix.
[RAN4]: RAN4 recommends that following RX EVM could be assumed in the evaluation:
1. 2%-4% for typical UEs 
2. 1.5% to 2% for high end UEs
[RAN4]: RAN4 recommend that following TX EVM could be assumed in the evaluation:
1. 2.0%-2.5% could be assumed in the evaluation for below 3GHz
1. 2.0%-3.0% could be assumed in the evaluation for 3GHz-6GHz

Crossover point
The crossover points between 256QAM and 1024QAM with different TX/RX EVM values and different channel are summarized in Table 1-1/1-2/1-3/1-4.
Table 1-1. Crossover SNR between 256QAM and 1024QAM(TDL-A channel, 2T4R)
	TX/EVM                RX/EVM
	1.5%
	2%
	3%
	4%

	2%
	~35dB
	~37dB
	(none)
	(none)

	2.5%
	~39dB
	(none)
	(none)
	(none)

	3%
	(none)
	(none)
	(none)
	(none)


Table 1-2. Crossover SNR between 256QAM and 1024QAM(TDL-A channel, 2T8R)
	TX/EVM                RX/EVM
	1.5%
	2%
	3%
	4%

	2%
	~28dB
	~29dB
	~30dB
	~32dB

	2.5%
	~30dB
	~31dB
	~33dB
	(none)

	3%
	~39dB
	(none)
	(none)
	(none)


Table 1-3. Crossover SNR between 256QAM and 1024QAM(TDL-D channel, 2T4R)
	TX/EVM                RX/EVM
	1.5%
	2%
	3%
	4%

	2%
	~31dB
	~31.7dB
	~34dB
	(none)

	2.5%
	~31.5dB
	~32dB
	~36dB
	(none)

	3%
	~34dB
	~35dB
	(none)
	(none)


Table 1-4. Crossover SNR between 256QAM and 1024QAM(TDL-D channel, 2T8R)
	TX/EVM                RX/EVM
	1.5%
	2%
	3%
	4%

	2%
	~25.2dB
	~25.5dB
	~26dB
	~27dB

	2.5%
	~26dB
	~26.6dB
	~27.1dB
	~28.2dB

	3%
	~27.6dB
	~28dB
	~29dB
	~30.7dB


Observation 1: For crossover SNR under TDL-A channel with 2T8R, 
· the crossover SNR with 2.5%/2% TX/RX EVM is ~31dB;
· the crossover SNR is decreased by ~2dB with 2%/2% TX/RX EVM;
Observation 2: For crossover SNR under TDL-D channel with 2T4R, 
· the crossover SNR with 2.5%/2% TX/RX EVM is ~32dB;
· the crossover SNR is decreased by ~0.3dB with 2%/2% TX/RX EVM;
· the crossover SNR is increased by ~3dB with 3%/2% TX/RX EVM.
Observation 3: For crossover SNR under TDL-D channel with 2T8R, 
· the crossover SNR with 2.5%/2% TX/RX EVM is ~26.6dB;
· the crossover SNR is decreased by ~1.1dB with 2%/2% TX/RX EVM;
· the crossover SNR is increased by ~1.4dB with 3%/2% TX/RX EVM.

Throughput gain
We summarize the simulation results of throughput as shown in Table 2.
Table 2. Summary of throughput gain(percentage@40dB) in TDL-A/D
	TX/EVM                                 RX/EVM
	1.5%
	2%
	3%
	4%

	2%(TDL-A, 2T4R)
	5.86%
	4.04% 
	no gain 
	no gain 

	2.5%(TDL-A, 2T4R)
	0.23%
	no gain 
	no gain 
	no gain 

	3%(TDL-A, 2T4R)
	no gain 
	 no gain 
	 no gain 
	 no gain 

	2%(TDL-A, 2T8R)
	8.14%
	7.84%
	5.54%
	3.05% 

	2.5%(TDL-A, 2T8R)
	6.97%
	6.64%
	3.89%
	no gain 

	3%(TDL-A, 2T8R)
	0.59%
	no gain
	 no gain 
	 no gain 

	2%(TDL-D, 2T4R)
	11.7%
	10.7%
	4.35%
	no gain 

	2.5%(TDL-D, 2T4R)
	11.3%
	9.6%
	1.2%
	no gain 

	3%(TDL-D, 2T4R)
	6.2%
	 1.8%
	no gain 
	no gain 

	2%(TDL-D, 2T8R)
	12.5%
	12.5%
	12.5%
	12.5%

	2.5%(TDL-D, 2T8R)
	12.5%
	12.5%
	12.5%
	12.5%

	3%(TDL-D, 2T8R)
	12.5%
	 12.5%
	 12.4%
	11.3%


Considering the performance benefit, we propose that DL 1024QAM is supported.
[bookmark: _GoBack]Proposal 1: Capture the evaluation results in observation 1, 2 and 3 into the TR.
Conclusion
In the contribution, we present evaluation results for DL 1024QAM, with the following observations and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: For crossover SNR under TDL-A channel with 2T8R, 
· the crossover SNR with 2.5%/2% TX/RX EVM is ~31dB;
· the crossover SNR is decreased by ~2dB with 2%/2% TX/RX EVM;
Observation 2: For crossover SNR under TDL-D channel with 2T4R, 
· the crossover SNR with 2.5%/2% TX/RX EVM is ~32dB;
· the crossover SNR is decreased by ~0.3dB with 2%/2% TX/RX EVM;
· the crossover SNR is increased by ~3dB with 3%/2% TX/RX EVM.
Observation 3: For crossover SNR under TDL-D channel with 2T8R, 
· the crossover SNR with 2.5%/2% TX/RX EVM is ~26.6dB;
· the crossover SNR is decreased by ~1.1dB with 2%/2% TX/RX EVM;
· the crossover SNR is increased by ~1.4dB with 3%/2% TX/RX EVM.

Proposal 1: Capture the evaluation results in observation 1, 2 and 3 into the TR.
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Appendix
Table 3. Link-level simulation assumptions
	Bandwidth
	20MHz

	Carrier frequency 
	2G

	Channel model and Doppler frequency
	TDL-A/D with DS {10ns}
- Maximum Doppler frequency: 5Hz 

	Transmission mode
	TM4

	MIMO configuration
	2x8/2x4

	Antenna correlation (Tx and Rx)
	Uncorrelated

	CRS configuration
	Antenna ports 0,1

	Rank number
	2 

	UE receiver
	MMSE-IRC

	Channel estimation
	Practical

	Interference estimation
	Practical

	Modulation mapping
	Gray mapping (described in R1-1705007)

	Overhead assumption
	3 PDCCH symbols;
PBCH/PSS/SSS;
2-port CRS;

	TX/RX EVM
	[2%,2.5%, 3%/1.5%, 2%, 3%, 4%]

	Metric
	Crossover SNR(dB)/Throughput(Mbps)



