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1   Background
During 8Rx SI discussion in RAN4 #84 meeting, the evaluation scenarios were agreed in the WF [1]. Based on the approved work plan [2], the simulation results were collected in [3] in RAN#84bis meeting.
This paper is for re-collecting the simulation results of that submitted in RAN4#85meeting based on [3].
2   Simulation results from companies
In order to get a whole picture of evaluation results from different companies, the performance curves are summarized in this section.
2.1   TM2

Table 1 Simulation assumption for PDSCH with transmit diversity [1]

	Scenario number
	Transmission mode
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Correlation matrix and antenna config.

	1
	TM2
	10 MHz

16QAM,1/2
	R.11 FDD
	EVA5
	2x4

Medium correlation A, ULA

	2
	TM2
	10 MHz

16QAM,1/2
	R.11 FDD
	EVA5
	2x8 

Medium correlation B, ULA


[image: image1.png]M2

—&— Medium A

—&— Medium B

wndyfinony ] pasijeuon

SNR(dE)





Figure 1 simulation results for TM2 (Huawei, R4-1710548)
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Figure 2 simulation results for TM2 (Intel, R4-1710400)
 SHAPE  \* MERGEFORMAT 



Figure 3 simulation results for TM2 (Qualcomm, R4-1710311)
2.2   TM3

Table 2 Simulation assumption for PDSCH with rank-2 open-loop spatial multiplexing [1]
	Scenario number
	Transmission mode
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Correlation matrix and antenna config.

	1
	TM3
	10 MHz

16QAM,1/2
	R.11 FDD
	EVA70
	2x4 Low

	2
	TM3
	10 MHz

16QAM,1/2
	R.11 FDD
	EVA70
	2x8 Low
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Figure 4 simulation results for TM3 (Huawei, R4-1710548)
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Figure 5 simulation results for TM3 (Intel, R4-1710401)
 SHAPE  \* MERGEFORMAT 



Figure 6 simulation results for TM3 (Qualcomm, R4-1710311)
2.3   TM9
The simulation results of 8x8 TM9 with rank4 to rank8 transmission in EPA5 channel are summarized in this section.
2.3.1   Rank =4
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Figure 7 simulation results for Rank=4 with 64QAM (Huawei, R4-1710549)
2.3.2   Rank =5
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Figure 8 simulation results for Rank=5 with 64QAM (Huawei, R4-1710549)

[image: image9]
Figure 9 simulation results for Rank=5 with 64QAM (Qualcomm Incorporated, R4-1712872)


[image: image10]
Figure 10 simulation results for Rank=5 with 256QAM (Qualcomm Incorporated, R4-1712872)

2.3.3   Rank =6
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Figure 11 simulation results for Rank=6 with 64QAM (Huawei, R4-1710549)

[image: image12]
Figure 12 simulation results for Rank=6 with 64QAM (Qualcomm Incorporated, R4-1712872)


[image: image13]
Figure 13 simulation results for Rank=6 with 256QAM (Qualcomm Incorporated, R4-1712872)

2.3.4   Rank =7
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Figure 14 simulation results for Rank=7 with 64QAM (Huawei, R4-1710549)

[image: image15]
Figure 15 simulation results for Rank=7 with 64QAM (Qualcomm Incorporated, R4-1712872)


[image: image16]
Figure 16 simulation results for Rank=7 with 256QAM (Qualcomm Incorporated, R4-1712872)

2.3.5   Rank =8
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Figure 17 simulation results for Rank=8 with 64QAM (Huawei, R4-1710549)
[image: image18.jpg]Normalized Throughput

TM9, 8X8, 8-layer, 64QAM, EPA5Hz, EVM6, LowCorr
T

—MCS22

20 22 24 26 28 30 32 34 36 38 40
SNR




Figure 18 simulation results for Rank=8 with 64QAM (Intel, R4-1710402)
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Figure 19 simulation results for Rank=8 with 256QAM (Intel, R4-1710402)

[image: image20]
Figure 20 simulation results for Rank=8 with 64QAM (Qualcomm Incorporated, R4-1712872)


[image: image21]
Figure 21 simulation results for Rank=8 with 256QAM (Qualcomm Incorporated, R4-1712872)

2.4   SDR 
2.4.1   64QAM
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Figure 22 simulation results for SDR with 64QAM (Huawei, R4-1710549)
2.4.2   256QAM
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Figure 23 simulation results for SDR with 256QAM (Huawei, R4-1710549)
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Figure 24 simulation results for SDR with 256QAM (Intel, R4-1710403)

[image: image25]
Figure 25 simulation results for SDR with 256QAM (Qualcomm Incorporated, R4-1712872)

2.5   PCFICH/PDCCH
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Figure 26 simulation results for PCFICH/PDCCH (Huawei, R4-1710550)
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Figure 27 simulation results PCFICH/PDCCH (Intel, R4-1710406)
 SHAPE  \* MERGEFORMAT 



Figure 28 simulation results for PCFICH/PDCCH (Qualcomm, R4-1710311)
3   Summary
3.1   TM2
Table 3 summary of TM2 simulation results

	Source
	Transmission mode
	Bandwidth and MCS


	Reference channel


	Propagation condition


	Correlation matrix and antenna config.
	SNR(dB)@70% MaxTP
	Performance gain (dB) of 8Rx compared to 4Rx

	
	
	
	
	
	
	4Rx
	8Rx
	

	Huawei,

HiSilicon
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	2x4,Medium correlation A, ULA/2x8,Medium correlation B, ULA
	2.3
	0.25
	2.05

	Intel
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	2x4,Medium correlation A, ULA/2x8,Medium correlation B, ULA
	1.2
	-2.6
	3.8

	Qualcomm
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	2x4,Medium correlation A, ULA/2x8,Medium correlation B, ULA
	1.5
	-1.1
	2.6


3.2   TM3
Table 4 summary of TM3 simulation results

	Source
	Transmission mode
	Bandwidth and MCS


	Reference channel


	Propagation condition


	Correlation matrix and antenna config.
	SNR(dB)@70% MaxTP
	Performance gain (dB) of 8Rx compared to 4Rx

	
	
	
	
	
	
	4Rx
	8Rx
	

	Huawei,

HiSilicon
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	2x4 Low
	6.38
	2.58
	3.80

	Intel
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	2x4 Low
	5.5
	1.6
	3.9

	Qualcomm
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	2x4 Low
	5.5
	2.4
	3.1


3.3   TM9

Table 5 Achieved max TBS index of TM9
	Source
	Transmission mode
	Modulation
	Propagation condition


	Correlation matrix and antenna config.
	TBS index

	
	
	
	
	
	Rank=4
	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Huawei,

HiSilicon
	TM9
	64QAM
	EPA5
	8x8 Low
	22
	21
	20
	19
	17

	Intel
	TM9
	64QAM
	EPA5
	8x8 Low ULA
	
	
	
	
	15

	Intel
	TM9
	256QAM
	EPA5
	8x8 Low ULA
	25
	
	
	
	

	Qualcomm
	TM9
	64QAM
	EPA5
	8x8 Low ULA
	
	24
	23
	22
	21

	Qualcomm
	TM9
	256QAM
	EPA5
	8x8 Low ULA
	
	28
	27
	22
	21


Table 6 throughput gain of different ranks compared to rank=4
	Source
	Transmission mode
	Propagation condition


	Modulation
	Correlation matrix and antenna config.
	TP gain=
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	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Huawei
	TM9
	EPA5
	64QAM
	8x8 Low
	19.8%/21.2%
	37.9%/38.3%
	47.8%/54.6%
	34.2%/45.5%

	Qualcomm
	TM9
	EPA5
	256QAM
	8x8 Low
	1.1%/8.9%
	13.4%/22.2%
	4.6%/28.3%
	4.6%/13.4%

	Qualcomm
	TM9
	EPA5
	64QAM
	8x8 Low
	20.1%/24.9%
	38.4%/39.6%
	46.9%/55.6%
	45.8%/58.0%


3.4   SDR 
Table 7 Throughput for different TBS at 36dB and 40dB 
	TBS Index
	Achieved Max throughput
 (Mbps)

TP_36dB/TP_40dB

	
	Huawei(Note 2)
	Intel
	Qualcomm (Note1)
	Company 3

	
	64QAM
	256QAM
	64QAM
	256QAM
	64QAM
	256QAM
	64QAM
	256QAM

	22
	220.2720/220.2720
	
	
	
	
	
	
	

	23
	224.0420/224.0420
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	

	25
	
	
	
	231.293/231.293


	
	169/169
	
	

	…
	
	
	
	
	
	
	
	

	29
	
	293.7120/293.7120
	
	
	
	199/199
	
	

	30
	
	283.3776/293.7120
	
	
	
	179/205
	
	

	Note 1: 41RB allocation with 80% scheduling
Note 2: 50RB allocation with 100% scheduling. 


Table 8 TB success rate at 36dB and 40dB 
	TBS Index
	TB success rate

Rate_36dB/Rate_40dB

	
	Huawei
	Company 1
	Company 2
	Company 3

	
	64QAM
	256QAM
	64QAM
	256QAM
	64QAM
	256QAM
	64QAM
	256QAM

	22
	100%/100%
	
	
	
	
	
	
	

	23
	97%/97%
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	29
	
	100%/100%
	
	
	
	
	
	

	30
	
	90%/100%
	
	
	
	
	
	

	Note :
The TB success rate is defined as TB success rate = 100%*NDL_correct_rx/ (NDL_newtx + NDL_retx), where  NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport 
blocks, and NDL_correct_rx is the number of correctly received DL transport blocks.


3.5   PCFICH/PDCCH 
Table 9 summary of PCFICH/PDCCH simulation results

	Source
	Bandwidth 


	Reference channel


	Propagation condition


	Correlation matrix and antenna config.
	SNR(dB)@ Pm-dsg=1%

	
	
	
	
	
	4CCE
	2CCE

	
	
	
	
	
	4Rx
	8Rx
	Performance gain (dB) of 8Rx compared to 4Rx
	4Rx
	8Rx
	Performance gain (dB) of 8Rx compared to 4Rx

	Huawei
	10 MHz
	R.16 FDD
	EVA70
	2x4 Low
	-5.5
	-8.4
	2.9
	N/A
	-5.6
	N/A

	Intel
	10 MHz
	R.16 FDD
	EVA70
	2x4 Low
	-5.6
	-8.4
	2.8
	-2.7
	-5.8
	3.1

	Qualcomm
	10 MHz
	R.16 FDD
	EVA70
	2x4 Low
	-5.7
	-9.4
	3.7
	N/A
	-6.7
	N/A


4   Reference
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5   Appendix
Table 10 Antenna Correlation Model for 8Rx Study: ULA case [1]
	Correlation Model
	(
	(

	Low correlation
	0
	0

	Medium Correlation A
	0.3
	0.3874

	Medium Correlation B
	0.3
	0.005154


Additional simulation results 

Simulation results of 8x8 TM9 with rank5 to rank7 transmission in AWGN channel are depicted in figure 5-1~5-3.

[image: image30]
Figure 5-1 simulation results for Rank=5 with 256QAM (Qualcomm Incorporated, R4-1712872) 

[image: image31]
Figure 5-2 simulation results for Rank=6 with 256QAM (Qualcomm Incorporated, R4-1712872)


[image: image32]
Figure 5-3 simulation results for Rank=7 with 256QAM (Qualcomm Incorporated, R4-1712872)
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