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1. Introduction
In RAN4 #98bis-e, a WF [1] on UE RF requirements for DL 1024QAM was approved. The agreements and open issues in WF concerning link level simulation assumptions are shown as follows:
	EVM evaluation parameters:
· Proceed with option 3: Further discuss and align link level simulation assumptions w.r.t parameters and their values
· Use parameters in R4-2104726 as a starting point
· Suggested modifications of R4-2104726 
· Rx EVM range 0.5%-2.0%
· Tx EVM range 0.5%-2.0%
· CBW=100MHz, SCS=30kHz, fc=4GHz (assuming TDD midband).
· CBW=50MHz, SCS=15kHz fc=2GHz (assuming FDD lowband). 
· Precoding: Keep only random precoding (there is no big impact of follow PMI on performance for scenario with 2 Tx)
· HARQ: Maximum number of HARQ transmission = 4 with RV sequence {0,2,3,1}
· BS antenna configuration: We can keep only 2 Tx case
· UE antenna configuration: Probably we also can check performance for 2 Rx UE
· PDSCH configuration: Type A mapping, Start symbol 2, Duration 12 (for D slots)
· Other parameters not precluded
· Discussion (and possible agreement) on above bullets will be captured in the final version of the WF as an input to next meeting
· Moderator (after 2nd round): Suggests to continue the above discussion on Link level parameters at next meeting due to the ongoing parallel parameter discussion for the Base Station. No agreement at this stage. This is also reflected in the 2nd round summary.
· The input above is kept in the WF as background information.
· It shall be noted that the BS side of the W.I. has agreed to use R4-2104726 as a basis (but use a wider bandwidth), captured in WF (R4-2106121)


 In this contribution, we provide link simulation for 1024QAM for NR FR1.
2. Discussion
Link level simulation is targeted as mainstream way to evaluate if 1024QAM for NR FR1 can achieve benefit by comparing to 256QAM.
Link level simulation assumptions
To evaluate the throughput difference between256QAM and 1024QAM, the link level simulation assumptions are listed as in table 2.1-1.
Table 2.1-1 link level simulation assumptions
	Parameter
	Value 

	Carrier frequency
	2 GHz

	CBW
	20MHz for Larger EVM configuraion
50MHz for Smaller EVM configuraion

	SCS
	15kHz

	Allocated RBs
	Full allocation

	Propagation
	TDL-A  10ns delay spread, Maximum Doppler frequency: 5Hz
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 accroding 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 
	4, {0,2,3,1}

	RANK
	1 and 2

	BS antenna configuration
	1 and 2

	UE antenna configuration
	4

	Antenna correlation (Tx and Rx)
	Low correlation

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PDSCH configuration
	Type A mapping, Start symbol 1, Duration 13 (for D slots) for Larger EVM configuraion.
Type A mapping, Start symbol 2, Duration 12 (for D slots) for Smaller EVM configuraion.

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	txEVM/rxEVM
	Larger EVM configuraion: txEVM: 2%, 2.5%, 3%, rxEVM: 2%, 3%, 4%
Smaller EVM configuraion: txEVM: 1%, 1.5 %, 2%, rxEVM: 0.5%, 1%, 1.5%



Simulation results for Rank 1
(1) For Larger EVM configuraion: txEVM: 2%, 2.5%, 3%, rxEVM: 2%, 3%, 4%
The throughput simulation result for txEVM 2%, 2.5% and 3% in TDL-A are shown in Figure A-1, Figure A-2, and Figure A-3 in Annex respectively.  And the throughput simulation result for txEVM 2%, 2.5% and 3% in TDL-A are shown in Figure A-4, Figure A-5, and Figure A-6 in Annex respectively.
Table 2.1-2 Summary of crossover SNR between 256QAM and 1024QAM in TDL-A and TDL-D
	Channel
	txEVM       rxEVM
	2%
	3%
	4%

	TDL-A, 1T4R
	2%
	25.3dB
	26.1dB
	27.6dB

	TDL-A, 1T4R
	2.5%
	26.4dB
	27.5dB
	29.7dB

	TDL-A, 1T4R
	3%
	28.4dB
	30.2dB
	35.7dB

	TDL-A, 1T4R
	2%
	24.7dB
	25.6dB
	26.7dB

	TDL-A, 1T4R
	2.5%
	25.9dB
	26.8dB
	28.6dB

	TDL-A, 1T4R
	3%
	27.7dB
	29.3dB
	33.2dB



For larger EVM configuration, we summarize the crossover SNR between 256QAM and 1024QAM as shown in Table 2.1-2.  From the Table 2.1-2, it is observed that 
· The crossover SNR for rank 1 with 3%/4% TX/RX EVM in TDL-A is ~35.7dB. 
· As TX/RX EVM decreases, crossover SNR for rank 1 also decreases 
· For the same TX/RX EVM, the crossover SNR for rank 1 in TDL-D is lower than that in TDL-A.

Table 2.1-3 Summary of throughput gain of 1024QAM compared to 256QAM (percentage@40dB) 
in TDL-A and TDL-D
	Channel
	txEVM       rxEVM
	2%
	3%
	4%

	TDL-A, 1T4R
	2%
	26.6%
	26.1%
	21.7%

	TDL-A, 1T4R
	2.5%
	26.4%
	24.8%
	16.9%

	TDL-A, 1T4R
	3%
	25.7%
	19.8%
	3.2%

	TDL-D, 1T4R
	2%
	26.4%
	25.4%
	21.3%

	TDL-D, 1T4R
	2.5%
	26.1%
	24.1%
	17.1%

	TDL-D, 1T4R
	3%
	24.9%
	19.9%
	6.9%



For larger EVM configuration, the throughput gain of 1024QAM compared to 256QAM is shown in Table 2.1-3. From table 2.1-3, the following is observed, 
· As TX/RX EVM decreases, throughput gain of 1024QAM compared to 256QAM increases, if TX/RX EVM decreases to 3%/3%, the throughput gain of 1024QAM compared to 256QAM for rank 1 in TDL-A is increased by ~19.8%. 
· For the same TX/RX EVM, the throughput gain of 1024QAM compared to 256QAM for rank 1 in TDL-D is larger than that in TDL-A.

(2) For smaller EVM configuraion: txEVM: 1%, 1.5 %, 2%, rxEVM: 0.5%, 1%, 1.5%
The throughput simulation result for txEVM 1%, 1.5% and 2% in TDL-A are shown in Figure B-1, Figure B-2, and Figure B-3 in Annex respectively.  And the throughput simulation result for txEVM 1%, 1.5% and 2% in TDL-A are shown in Figure B-4, Figure B-5, and Figure B-6 in Annex respectively.
Table 2.1-4 Summary of crossover SNR between 256QAM and 1024QAM for rank 1 in
TDL-A and TDL-D
	Channel
	txEVM       rxEVM
	0.5%
	1%
	1.5%

	TDL-A, 1T4R
	1%
	<26dB
	<26dB 
	<26dB 

	TDL-A, 1T4R
	1.5%
	<26dB
	<26dB 
	<26dB 

	TDL-A, 1T4R
	2%
	<26dB
	26.1dB
	26.4dB

	TDL-D, 1T4R
	1%
	<26dB
	<26dB 
	<26dB 

	TDL-D, 1T4R
	1.5%
	<26dB
	<26dB 
	<26dB 

	TDL-D, 1T4R
	2%
	<26dB
	<26dB 
	<26dB 



For smaller EVM configuration, we summarize the crossover SNR between 256QAM and 1024QAM as shown in Table 2.1-4. From the Table 2.1-4, it is observed that 
· When TX/RX EVM is configured down to 2%/1.5%, crossover SNR for rank 1 is less than ~27dB.

Table 2.1-5 Summary of throughput gain of 1024QAM compared to 256QAM (SNR @40dB) for rank 1
 in TDL-A and TDL-D
	Channel
	txEVM       rxEVM
	0.5%
	1%
	1.5%

	TDL-A, 1T4R
	1%
	28.95%
	28.95%
	28.95%

	TDL-A, 1T4R
	1.5%
	28.95%
	28.95%
	28.95%

	TDL-A, 1T4R
	2%
	28.91%
	28.91%
	28.91%

	TDL-D, 1T4R
	1%
	28.91%
	28.91%
	28.91%

	TDL-D, 1T4R
	1.5%
	28.87%
	28.87%
	28.87%

	TDL-D, 1T4R
	2%
	28.8%
	28.8%
	28.8%



For smaller EVM configuration, the throughput gain of 1024QAM compared to 256QAM is shown in Table 2.1-5. From table 2.1-5, the following is observed, 
· When TX/RX EVM is configured down to 2%/1.5%, the throughput gain of 1024QAM compared to 256QAM for rank1 in TDL-A is increased by ~29%. 

Simulation results for Rank 2
(1) For smaller EVM configuraion: txEVM: 1%, 1.5 %, 2%, rxEVM: 0.5%, 1%, 1.5%
TBA

3. Conclusions
This contribution provides link level simulation assumptions and Rank 1 simulation results for NR FR1 1024QAM. The following observations and proposals are concluded.
Observation 1:   Regarding crossover SNR between 1024QAM and 256QAM for Rank 1, the following is observed: 
· The crossover SNR for rank 1 with 3%/4% TX/RX EVM in TDL-A is ~35.7dB. 
· As TX/RX EVM decreases, crossover SNR for rank 1 also decreases 
· For the same TX/RX EVM, the crossover SNR for rank 1 in TDL-D is lower than that in TDL-A.
· [bookmark: _GoBack]When TX/RX EVM is configured down to 2%/1.5%, crossover SNR for rank 1 is less than ~27dB.
Observation 2:   Regarding performance gain of 1024QAM compared to 256QAM for rank 1, the following is observed:  
· As TX/RX EVM decreases, throughput gain of 1024QAM compared to 256QAM increases, if TX/RX EVM decreases to 3%/3%, the throughput gain of 1024QAM compared to 256QAM for rank 1 in TDL-A is increased by ~19.8%. 
· For the same TX/RX EVM, the throughput gain of 1024QAM compared to 256QAM for rank 1 in TDL-D is larger than that in TDL-A.
· When TX/RX EVM is configured down to 2%/1.5%, the throughput gain of 1024QAM compared to 256QAM for rank1 in TDL-A is increased by ~29%. 
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5. Annex

Simulation result for rank 1 for larger EVM configuration
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Figure A-1 throughput simulation result for rank 1 for txEVM 2% in TDL-A
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Figure A-2 throughput simulation result for rank 1 for txEVM 2.5% in TDL-A
                [image: ]
                      Figure A-3 throughput simulation result for rank 1 for txEVM 3% in TDL-A
                           [image: ]
Figure A-4 throughput simulation result for rank 1 for txEVM 2% in TDL-D
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Figure A-5 throughput simulation result for rank 1 for txEVM 2.5% in TDL-D
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                      Figure A-6 throughput simulation result for rank 1 for txEVM 3% in TDL-D

Simulation result for rank 1 for smaller EVM configuration
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Figure B-1 throughput simulation result for rank 1 for txEVM 1% in TDL-A
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Figure B-2 throughput simulation result for rank 1 for txEVM 1.5% in TDL-A
                [image: ]
                      Figure B-3 throughput simulation result for rank 1 for txEVM 2% in TDL-A
                           [image: ]
Figure B-4 throughput simulation result for rank 1 for txEVM 1% in TDL-D
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Figure B-5 throughput simulation result for rank 1 for txEVM 1.5% in TDL-D
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                      Figure B-6 throughput simulation result for rank 1 for txEVM 2% in TDL-D

Simulation result for rank 2 for smaller EVM configuration
           TBA
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