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1. Introduction
In RAN4 #87 meeting, the simulation assumptions for 1024QAM performance study is agreed for 1024QAM study item [1]. 
In this paper, we present the simulation result based on the agreed simulation assumption for the FDD PDSCH demodulation with 1024QAM.
2. Simulation Result
2.1. PDSCH FDD Performance under Fading Conditions

Table 1 shows the simulation assumptions for rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #87 meeting.

Table 1. Simulation assumption for PDSCH with rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	MCS
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM4
	10 MHz

1024QAM
	23
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	2
	TM4
	10 MHz

1024QAM
	24
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	3
	TM4
	10 MHz

1024QAM
	25
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 1 shows the throughput performance of rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding 4x2 with EPA5 channel with test case 1, test case 2, and test case 3.

[image: image1.emf]10 15 20 25 30 35 40 45

SNR (dB)

5

10

15

20

25

30

35

40

45

50

P

D

S

C

H

 

T

h

r

o

u

g

h

p

u

t

Absolute Throughput

MCS 23

MCS 24

MCS 25


Figure 1. Throughput comparison with rank-1 closed loop spatial multiplexing with wideband PMI feedback with 4x2 EPA5 channel
Observation 1. For PDSCH with rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel, 70% max configured throughput can be achieved at SNR of 22.5dB and 23.58dB, and 25.64dB with MCS 23, MCS 24, and MCS 25, respectively.
Table 2 shows the simulation assumptions for rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #87 meeting.

Table 2. Simulation assumption for PDSCH with rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x4 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	MCS
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM4
	10 MHz

1024QAM
	23
	1
	8
	50

(Note 1)
	EPA5
	4x4 Low

 correlation
	2%

	2
	TM4
	10 MHz

1024QAM
	24
	1
	8
	50

(Note 1)
	EPA5
	4x4 Low

 correlation
	2%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 2 shows the throughput performance of rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding 4x4 with EPA5 channel with test case 1 and test case 2.
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Figure 2. Throughput comparison with rank-2 closed loop spatial multiplexing with wideband PMI feedback with 4x4 EPA5 channel
Observation 2. For PDSCH with rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x4 EPA5 channel, 70% max configured throughput can be achieved at SNR of 25.21dB and 26.39dB, and 25.64dB with MCS 23, and MCS 24, respectively.
Table 3 shows the simulation assumptions for rank-1 demodulation with transmission scheme 9 with wideband PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #87 meeting.

Table 3. Simulation assumption for PDSCH with rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel [1].
	Test number
	Transmission mode
	Bandwidth and Modulation
	MCS
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM9
	10 MHz

1024QAM
	23
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	2
	TM9
	10 MHz

1024QAM
	24
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 3 shows the throughput performance of rank-1 transmission scheme 9 with wideband PMI feedback for precoding 4x2 with EPA5 channel with test case 1 and test case 2.
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Figure 3. Throughput comparison with rank-1 transmission scheme 9 with wideband PMI feedback with 4x2 EPA5 channel
Observation 3. For PDSCH with rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel, 70% max configured throughput can be achieved at SNR of 23.67dB and 25.01dB with MCS 23 and MCS 24, respectively.
Table 4 shows the simulation assumptions for rank-1 demodulation with transmission scheme 9 with Per-PRG random PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #87 meeting.

Table 4. Simulation assumption for PDSCH with rank-1 transmission scheme 9 with wideband random feedback for precoding with 4x2 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	MCS
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM9
	10 MHz

1024QAM
	23
	1
	8
	50

(Note 1)
	EPA5
	4x2 Low

 correlation
	2%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 4 shows the throughput performance of rank-1 transmission scheme 9 with Per-PRG random PMI feedback for precoding 4x2 with EPA5 channel with test case 1.
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Figure 4. Throughput comparison with rank-1 transmission scheme 9 with Per-PRG random PMI feedback with 4x2 EPA5 channel
Observation 4. For PDSCH with rank-1 transmission scheme 9 with Per-PRG random PMI feedback for precoding with 4x2 EPA5 channel, 70% max configured throughput can be achieved at SNR of 27.62dB with MCS 23.
Table 5 shows the simulation assumptions for rank-2 demodulation with transmission scheme 9 with wideband PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #87 meeting.

Table 5. Simulation assumption for PDSCH with rank-2 transmission scheme 9 with wideband PMI feedback for precoding with 4x4 EPA5 channel [1].

	Test number
	Transmission mode
	Bandwidth and Modulation
	MCS
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM9
	10 MHz

1024QAM
	23
	1
	8
	50

(Note 1)
	EPA5
	4x4 Low

 correlation
	2%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 5 shows the throughput performance of rank-2 transmission scheme 9 with wideband PMI feedback for precoding 4x4 with EPA5 channel with test case 1.
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Figure 5. Throughput comparison with rank-2 transmission scheme 9 with wideband PMI feedback with 4x4 EPA5 channel
Observation 5. For PDSCH with rank-2 transmission scheme 9 with wideband PMI feedback for precoding with 4x4 EPA5 channel, 70% max configured throughput can be achieved at SNR of 27.56dB with MCS 23.
Table 6 shows the simulation assumptions for rank-2 demodulation with transmission scheme 9 with Per-PRG random PMI feedback for precoding with 1024QAM under fading conditions based on the agreement in RAN4 #87 meeting.

Table 6. Simulation assumption for PDSCH with rank-2 transmission scheme 9 with wideband random feedback for precoding with 4x4 EPA5 channel [1]

	Test number
	Transmission mode
	Bandwidth and Modulation
	MCS
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM9
	10 MHz

1024QAM
	23
	1
	8
	50

(Note 1)
	EPA5
	4x4 Low

 correlation
	2%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 6 shows the throughput performance of rank-2 transmission scheme 9 with Per-PRG random PMI feedback for precoding 4x4 with EPA5 channel with test case 1.
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Figure 6. Throughput comparison with rank-2 transmission scheme 9 with Per-PRG random PMI feedback with 4x4 EPA5 channel
Observation 6. For PDSCH with rank-2 transmission scheme 9 with Per-PRG random PMI feedback for precoding with 4x4 EPA5 channel, 70% max configured throughput can be achieved at SNR of 29.72dB with MCS 23.
Proposal 1. Consider rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel with MCS 25 for 1024QAM demodulation test under fading condition.

Proposal 2. Consider rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x4 EPA5 channel with MCS 24 for 1024QAM demodulation test under fading condition. 
Proposal 3. Consider rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel with MCS 24 for 1024QAM demodulation test under fading condition.

Proposal 4. Consider rank-2 transmission scheme 9 with wideband PMI feedback for precoding with 4x4 EPA5 channel with MCS 23 for 1024QAM demodulation test under fading condition. 
Proposal 5. Depending on UE capability, UE is required to pass either rank-1 2RX test cases or rank-2 4RX test cases for 1024QAM demodulation test under fading condition. 
2.2. PDSCH FDD sustained downlink data rate Performance

In this section, we present the summary of simulation for sustained downlink data rate performance with 1024QAM based on the agreement in RAN4 #87 meeting [1].
Table 7 shows the simulation assumptions for sustained downlink data rate performance with 1024QAM with rank-2 based on the agreement in RAN4 #87 meeting.

Table 7. Simulation assumption for PDSCH with rank-2 open-loop spatial multiplexing [1]
	Test number
	Transmission mode
	Bandwidth and Modulation
	MCS
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM3
	10 MHz

1024QAM
	23
	1
	8
	50

(Note 1)
	AWGN
	2x2 Low

 correlation
	2%

	2
	TM3
	10 MHz

1024QAM
	24
	1
	8
	50

(Note 1)
	AWGN
	2x2 Low

 correlation
	2%

	3
	TM3
	10 MHz

1024QAM
	25
	1
	8
	50

(Note 1)
	AWGN
	2x2 Low

 correlation
	2%

	4
	TM3
	10 MHz

1024QAM
	26
	1
	8
	50

(Note 1)
	AWGN
	2x2 Low

 correlation
	2%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 7 shows the throughput performance of sustained downlink data rate with rank-2 open-loop spatial multiplexing with test case 1, test case 2, test case 3, and test case 4.
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Figure 7. Throughput comparison with sustained downlink data rate with rank-2 open-loop spatial multiplexing
For PDSCH sustained downlink data rate with rank-2 open-loop spatial multiplexing, 85% max throughput can be achieved with SNR listed in Table 8.

Table 8. SNR of 85% max throughput PDSCH with rank-2 open-loop spatial multiplexing
	Tx EVM
	SNR of 85% max throughput for MCS 23
	SNR of 85% max throughput for MCS 24
	SNR of 85% max throughput for MCS 25
	SNR of 85% max throughput for MCS 26

	2%
	26.41dB
	27.41dB
	30.21dB
	31.39dB


Observation 7. For PDSCH sustained downlink data rate with rank-2 open-loop spatial multiplexing, 85% max throughput can be achieved at SNR of 27.41dB with MCS 24.
Table 9 shows the simulation assumptions for sustained downlink data rate performance with 1024QAM with rank-4 based on the agreement in RAN4 #87 meeting.

Table 9. Simulation assumption for PDSCH with rank-4 open-loop spatial multiplexing [1]
	Test number
	Transmission mode
	Bandwidth and Modulation
	MCS
	Number of DL control region OFDM symbols
	Allocated subframes per Radio Frame
	Allocated resource blocks
	Propagation condition
	Correlation matrix and antenna config.
	Tx EVM

	1
	TM3
	10 MHz

1024QAM
	23
	1
	8
	50

(Note 1)
	AWGN
	4x4 Low

 correlation
	2%

	2
	TM3
	10 MHz

1024QAM
	24
	1
	8
	50

(Note 1)
	AWGN
	4x4 Low

 correlation
	2%

	3
	TM3
	10 MHz

1024QAM
	25
	1
	8
	50

(Note 1)
	AWGN
	4x4 Low

 correlation
	2%

	Note 1: 
 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9.


Figure 8 shows the throughput performance of sustained downlink data rate with rank-4 open-loop spatial multiplexing with test case 1, test case 2, and test case 3.
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Figure 8. Throughput comparison with sustained downlink data rate with rank-4 open-loop spatial multiplexing
For PDSCH sustained downlink data rate with rank-4 open-loop spatial multiplexing, 85% max throughput can be achieved with SNR listed in Table 10. 

 Table 10. SNR of 85% max throughput PDSCH with rank-4 open-loop spatial multiplexing 
	Tx EVM
	SNR of 85% max throughput for MCS 23
	SNR of 85% max throughput for MCS 24
	SNR of 85% max throughput for MCS 25

	2%
	28.7dB
	29.73dB
	31.74dB


Observation 8. For PDSCH sustained downlink data rate with rank-4 open-loop spatial multiplexing, 85% max throughput can be achieved at SNR of 28.7dB with MCS 23.
Proposal 6. Consider MCS 24 for sustained downlink data rate performance evaluation with rank-2 open-loop spatial multiplexing with 1024QAM PDSCH demodulation. 
Proposal 7. Consider MCS 23 for sustained downlink data rate performance evaluation with rank-4 open-loop spatial multiplexing with 1024QAM PDSCH demodulation. 

Proposal 8. Depending on UE capability, UE is required to pass either rank-2 2RX test case or rank-4 4RX test case for sustained downlink data rate 1024QAM demodulation test. 
3. Conclusions

In this paper, we presented the simulation result for 1024QAM PDSCH demodulation based on the simulation assumption agreed in the RAN4 #87 meeting. 
Observations made in this paper are summarized as follows:

Observation 1. For PDSCH with rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel, 70% max configured throughput can be achieved at SNR of 22.5dB and 23.58dB, and 25.64dB with MCS 23, MCS 24, and MCS 25, respectively.
Observation 2. For PDSCH with rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x4 EPA5 channel, 70% max configured throughput can be achieved at SNR of 25.21dB and 26.39dB, and 25.64dB with MCS 23, and MCS 24, respectively.
Observation 3. For PDSCH with rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel, 70% max configured throughput can be achieved at SNR of 23.67dB and 25.01dB with MCS 23 and MCS 24, respectively.
Observation 4. For PDSCH with rank-1 transmission scheme 9 with Per-PRG random PMI feedback for precoding with 4x2 EPA5 channel, 70% max configured throughput can be achieved at SNR of 27.62dB with MCS 23.
Observation 5. For PDSCH with rank-2 transmission scheme 9 with wideband PMI feedback for precoding with 4x4 EPA5 channel, 70% max configured throughput can be achieved at SNR of 27.56dB with MCS 23.
Observation 6. For PDSCH with rank-2 transmission scheme 9 with Per-PRG random PMI feedback for precoding with 4x4 EPA5 channel, 70% max configured throughput can be achieved at SNR of 29.72dB with MCS 23.
Observation 7. For PDSCH sustained downlink data rate with rank-2 open-loop spatial multiplexing, 85% max throughput can be achieved at SNR of 27.41dB with MCS 24.

Observation 8. For PDSCH sustained downlink data rate with rank-4 open-loop spatial multiplexing, 85% max throughput can be achieved at SNR of 28.7dB with MCS 23.

Proposal 1. Consider rank-1 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x2 EPA5 channel with MCS 25 for 1024QAM demodulation test under fading condition.

Proposal 2. Consider rank-2 closed loop spatial multiplexing with wideband PMI feedback for precoding with 4x4 EPA5 channel with MCS 24 for 1024QAM demodulation test under fading condition. 
Proposal 3. Consider rank-1 transmission scheme 9 with wideband PMI feedback for precoding with 4x2 EPA5 channel with MCS 24 for 1024QAM demodulation test under fading condition.

Proposal 4. Consider rank-2 transmission scheme 9 with wideband PMI feedback for precoding with 4x4 EPA5 channel with MCS 23 for 1024QAM demodulation test under fading condition. 
Proposal 5. Depending on UE capability, UE is required to pass either rank-1 2RX test cases or rank-2 4RX test cases for 1024QAM demodulation test under fading condition. 
Proposal 6. Consider MCS 24 for sustained downlink data rate performance evaluation with rank-2 open-loop spatial multiplexing with 1024QAM PDSCH demodulation. 
Proposal 7. Consider MCS 23 for sustained downlink data rate performance evaluation with rank-4 open-loop spatial multiplexing with 1024QAM PDSCH demodulation. 
Proposal 8. Depending on UE capability, UE is required to pass either rank-2 2RX test case or rank-4 4RX test case for sustained downlink data rate 1024QAM demodulation test. 
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