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1	Introduction
This contribution relates to a work item “Introduction of DL 1024QAM for NR FR1” [1]. In the latest RAN4#99-e meeting we already presented initial simulation results in [3]. In this paper we show further simulation results based on latest simulations assumption updates agreed during RAN4#99-e meeting.
2	Discussion
A way forward was agreed in RAN4#99-e meeting [2] with updated simulations assumptions for the work item. Table 1 contains simulation parameters based on [2].

Table 1. Simulation parameters from [2]

	Parameter
	Value 

	Carrier frequency
	2 GHz

	CBW
	40 MHz

	SCS
	15kHz

	Allocated RBs
	Full allocation

	Propagation
	TDL-A 10ns delay spread, Maximum Doppler frequency: 5Hz (used as Baseline)
TDL-D 10ns delay spread, Maximum Doppler frequency: 5Hz

	MCS
	256QAM: MCS 24 in TS 38.214 Table 5.1.3.1-2: MCS index table 2 for PDSCH, and other MCSs are not precluded
1024QAM: MCS 24 in the following Table according to the agreement in RAN1 #104, and other MCSs are not precluded

	MCS Index
	Modulation Order
	Target code Rate R x [1024]
	Spectral

	IMCS 
	 Qm
	
	efficiency

	23
	10
	805.5
	7.8662

	24
	10
	853
	8.3301

	25
	10
	900.5
	8.7939

	26
	10
	948
	9.2578




	Precoding
	Precoding configuration defined in 38.101-4 Section 7.2 for fading channels; follow PMI

	Symbol type 
	CP-OFDM 

	HARQ 
	8 HARQ processes, maximum 4 transmissions

	RV sequence
	{0,2,3,1}

	RANK
	One and Two

	BS antenna configuration
	Take 1 and 2 Tx antenna as baseline. Companies also welcome to bring 8TX results if they demonstrate differing trends

	UE antenna configuration
	4

	Antenna correlation (Tx and Rx)
	Low correlation

	Channel estimation 
	Practical 

	Receiver type
	MMSE-IRC

	PDSCH configuration
	Type A mapping, Start symbol 1, Duration 13 (for D slots)

	DMRS configuration
	DMRS Type 1, Single symbol, additional DM-RS (dmrs-AdditionalPosition): pos1

	txEVM
	2%, 2.5%, 3%

	rxEVM
	0.5%, 1%, 1.5%, 2%, 3%




Simulations results are shown in Figure 1 to Figure 6. These simulations are following the parameters shown in Table 1. Results in Figure 1 and Figure 2 are for 1x4 case, Figure 3 and Figure 4 are for 2x4 rank1 and Figure 5 and Figure 6 are for  2x4 rank2.
Simulation results show that 1024QAM achieves better throughput than 256QAM at reasonable SNR. Tx EVM 2.5% seems to perform adequately in all cases. Rx EVM should preferably be less than 2%. This combination gives better performance than 256QAM also in rank2 with LOS channel. Rank2 NLOS does not perform well with the simulation assumptions, however with Rx EVM 1.5% even that can achieve higher throughput with 1024QAM than 256QAM.
Observation 1: Simulation results for 1024QAM show higher throughput compared to 256QAM for higher, but still reasonable SNR conditions and reasonable EVM requirements.
Observation 2: Simulation results for 1024QAM show that 3% Tx EVM reduces performance in many simulation cases, in some even below 256QAM.
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Figure 1. Simulation results for 1x4 and TDL-A 10ns.
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Figure 2. Simulation results for 1x4 and TDL-D 10ns.
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Figure 3. Simulation results for 2x4 rank1 and TDL-A 10ns.
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Figure 4. Simulation results for 2x4 rank1 and TDL-D 10ns.
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Figure 5. Simulation results for 2x4 rank2 and TDL-A 10ns.
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Figure 6. Simulation results for 2x4 rank2 and TDL-D 10ns.




[bookmark: OLE_LINK53][bookmark: OLE_LINK54]3	Conclusion
In this paper we have provided simulation results for 1024QAM. We have also made following observations:
Observation 1: Simulation results for 1024QAM show higher throughput compared to 256QAM for higher, but still reasonable SNR conditions and reasonable EVM requirements.
Observation 2: Simulation results for 1024QAM show that 3% Tx EVM reduces performance in many simulation cases, in some even below 256QAM.
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