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In RAN Plenary #75, the new WI of "Enhancements for High Capacity Stationary Wireless Link and Introduction of 1024 QAM for LTE" has been approved [1]. The main objectives on support of DL 1024 QAM are as follows:
· Study the feasibility and performance benefit, and if justified, specify support for 1024QAM for DL channels [RAN1, RAN4]
· Document the study result of feasibility and benefit in a TR
· If normative work starts, introduce new MCS table, signalling and CQI feedback to support 1024QAM for PDSCH
In RAN1 #88bis, agreements on link-level evaluation assumptions were reached for 1024QAM [2]. In this contribution, corresponding evaluation results are presented to show feasibility and benefit of 1024QAM.
Link level results
Crossover point
Link level evaluation are performed for DL 1024QAM to achieve the crossover point between 256QAM and 1024QAM in different channel models, i.e., AWGN, TDL and various Tx/Rx EVM ranging between [0%, 3%]. The simulation assumptions are summarized in Table 5 of Appendix.
AWGN channel
For AWGN channel, the results of the evaluation are shown in Figure 1 and 2, and the crossover points are summarized in Table 1.
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Figure 1.Crossover SNR for 1024QAM vs 256QAM with 2T2R
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Figure 2.Crossover SNR for 1024QAM vs 256QAM with 2T8R
Table 1. Crossover SNR between 256QAM and 1024QAM
	antennas
	Tx/Rx EVM(0%/0%)
	Tx/Rx EVM(1%/1%)
	Tx/Rx EVM(2%/2%)
	Tx/Rx EVM(3%/3%)

	2T2R
	29.2dB
	29.4dB
	30.4dB
	33.0dB

	2T8R
	23.2dB
	23.4dB
	24.0dB
	25.5dB


The crossover points between 256QAM and 1024QAM with different TX/RX EVM values are summarized in Table 1. As EVM increases, the crossover SNR also increases. It can also be seen that the crossover SNR for 2T8R is 6dB less than that of 2T2R, as more receiving antennas could have larger processing gain.
Observation 1: For 2T2R case under AWGN channel,
· the crossover SNR with 2% TX/RX EVM is ~30.4dB;
· the crossover SNR is decreased by ~1dB with 1% TX/RX EVM;
· the crossover SNR is increased by ~2.5dB with 3% TX/RX EVM.
Observation 2: For 2T8R case under AWGN channel,
· the crossover SNR with 2% TX/RX EVM is~24dB;
· the crossover SNR is decreased by ~0.6dB with 1% TX/RX EVM;
· the crossover SNR is increased by ~1.5dB with 3% TX/RX EVM.
TDL channel
The results for TDL channel are presented in Figure 3, 4, and the crossover SNR are summarized in Table 2. 
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Figure 3.Crossover SNR for 1024QAM vs 256QAM with 2T2R in TDL channel
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Figure 4.Crossover SNR for 1024QAM vs 256QAM with 2T8R in TDL channel
Table 2. Crossover SNR between 256QAM and 1024QAM(TDL channel)
	Delay spread
	Tx/Rx EVM(1%/1%)
	Tx/Rx EVM(2%/2%)

	10ns,2T2R
	32.5dB
	35dB

	10ns,2T8R
	23.3dB
	24dB

	100ns,2T2R
	34dB
	36dB

	100ns,2T8R
	24dB
	25dB


Observation 3: For 2T2R case under TDL, the crossover SNR with 2% TX/RX EVM is
· ~35dB for 10ns delay spreading,
· ~36dB for 100ns delay spreading.
· the crossover SNR is decreased by ~2.5dB for 10ns delay spreading and ~2dB for 100ns delay spreading with 1% TX/RX EVM;
Observation 4: For 2T8R case under TDL, the crossover SNR with 2% TX/RX EVM is
· ~24dB for 10ns delay spreading,
· ~25dB for 100ns delay spreading.
· the crossover SNR is decreased by ~0.7dB for 10ns delay spreading and ~1dB for 100ns delay spreading with 1% TX/RX EVM;
Throughput
We summarize the simulation results of throughput both in AWGN and TDL channel as shown in Table 3, 4.
Table 3. Summary of throughput in AWGN
	Channel
	Case
	Throughput(1024QAM,CR:0.745/256QAM,CR:0.9)

	AWGN
	2T2R, TX/RX EVM:0%/0%
	~175Mbps/~168Mbps@30dB

	AWGN
	2T2R, TX/RX EVM:1%/1%
	~175Mbps/~168Mbps@30dB

	AWGN
	2T2R, TX/RX EVM:2%/2%
	~175Mbps/~168Mbps@31dB

	AWGN
	2T2R, TX/RX EVM:3%/3%
	~175Mbps/~168Mbps@34dB

	AWGN
	2T8R, TX/RX EVM:0%/0%
	~175Mbps/~168Mbps@24dB

	AWGN
	2T8R, TX/RX EVM:1%/1%
	~175Mbps/~168Mbps@24dB

	AWGN
	2T8R, TX/RX EVM:2%/2%
	~175Mbps/~168Mbps@25dB

	AWGN
	2T8R, TX/RX EVM:3%/3%
	~175Mbps/~168Mbps@28dB


Table 4. Summary of throughput in TDL
	Channel
	Case
	Throughput(1024QAM,CR:0.745/256QAM,CR:0.9)

	TDL
	2T2R, DS:10ns, TX/RX EVM:1%/1%
	~164Mbps/~152Mbps@44dB

	TDL
	2T2R, DS:10ns, TX/RX EVM:2%/2%
	~160Mbps/~148Mbps@46dB

	TDL
	2T2R, DS:100ns, TX/RX EVM:1%/1%
	~155Mbps/~149Mbps@44dB

	TDL
	2T2R, DS:100ns, TX/RX EVM:2%/2%
	~150Mbps/~145Mbps@46dB

	TDL
	2T8R, DS:10ns, TX/RX EVM:1%/1%
	~175Mbps/~168Mbps@25dB

	TDL
	2T8R, DS:10ns, TX/RX EVM:2%/2%
	~175Mbps/~168Mbps@26dB

	TDL
	2T8R, DS:100ns, TX/RX EVM:1%/1%
	~172Mbps/~168Mbps@25dB

	TDL
	2T8R, DS:100ns, TX/RX EVM:2%/2%
	~169Mbps/~167Mbps@26dB


Obviously, when SNR reaches crossover point, 1024QAM shows benefit in throughput against 256QAM for different Tx/Rx EVM both in 2T2R and 2T8R case.
Considering the performance benefit, we propose that DL 1024QAM is supported.
Proposal 1: Support 1024QAM for DL PDSCH transmission.
Conclusion
In the contribution, we present evaluation results for DL 1024QAM, with the following observations and proposals:
Observation 1: For 2T2R case under AWGN channel,
· the crossover SNR with 2% TX/RX EVM is ~30.4dB;
· the crossover SNR is decreased by ~1dB with 1% TX/RX EVM;
· the crossover SNR is increased by ~2.5dB with 3% TX/RX EVM.
Observation 2: For 2T8R case under AWGN channel,
· the crossover SNR with 2% TX/RX EVM is~24dB;
· the crossover SNR is decreased by ~0.6dB with 1% TX/RX EVM;
· the crossover SNR is increased by ~1.5dB with 3% TX/RX EVM.
Observation 3: For 2T2R case under TDL, the crossover SNR with 2% TX/RX EVM is
· ~35dB for 10ns delay spreading,
· ~36dB for 100ns delay spreading.
· the crossover SNR is decreased by ~2.5dB for 10ns delay spreading and ~2dB for 100ns delay spreading with 1% TX/RX EVM;
Observation 4: For 2T8R case under TDL, the crossover SNR with 2% TX/RX EVM is
· ~24dB for 10ns delay spreading,
· ~25dB for 100ns delay spreading.
· the crossover SNR is decreased by ~0.7dB for 10ns delay spreading and ~1dB for 100ns delay spreading with 1% TX/RX EVM;
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Appendix
Table 5. Link-level simulation assumptions
	Bandwidth
	20MHz

	Carrier frequency 
	2G

	Channel model and Doppler frequency
	AWGN
TDL with delay spread of {10ns,100ns}
- Maximum Doppler frequency: 5Hz 

	Transmission mode
	TM4

	MIMO configuration
	2x2/2x8 

	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
	0%-3%

	Metric
	BLER(%)/Throughput(Mbps)
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