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1. Introduction

In the previous meeting the remaining details of the FD-MIMO Class A PMI reporting test cases were agreed [1,2]:
	· Test Metric

· Reusing existing 8Tx PMI test metric: 
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is 90% of the maximum throughput obtained  at 
[image: image3.wmf]2

,

2

,

1

1

,

1

follow

follow

follow

SNR

 using the precoders configured according to the UE reports, 
[image: image4.wmf]2

,

2

,

1

,

1

,

1

rnd

rnd

rnd

t

 is the throughput measured at 
[image: image5.wmf]2

,

2

,

1

1

,

1

follow

follow

follow

SNR

with random precoding.

· Test applicability for CSS configuration:

· Defining performance requirements which applicable for all the CSS configurations. For each test case, select corresponding CSS configuration based on UE capability

· Random select one of codebook configuration value from UE supported codebook configurations 

· Performance requirements:

· FDD mode: single PMI [2.5], multiple PMI [2.5]

· TDD mode: Bring simulation results for both single PMI and multiple PMI test case and deciding performance requirements for TDD mode in next RAN4 meeting.


In this contribution we provide the FDD and TDD simulation results for the agreed Class A CSI reporting test cases and make proposals on the performance requirements definition.
2. Single PMI test case
In Figure 1 we provide the link level simulation results for the Single PMI FDD and TDD test cases including the absolute throughput and throughput ratio metrics for different SNR points. The simulation results are provided for different CSS configurations.
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	Figure 1. Single PMI test case simulation result


In Table 1 we provide the SNR and Gamma values for various CSS configuration and 90% of max “Follow PMI” throughput for the Single PMI test. 
Table 1. Single PMI performance metrics summary.
	Duplex mode
	CSS 1
	CSS 2
	CSS 3
	CSS 4

	
	SNR, dB
	Gamma
	SNR, dB
	Gamma
	SNR, dB
	Gamma
	SNR, dB
	Gamma

	FDD
	4.0
	4.6
	4.0
	4.6
	4.1
	4.5
	4.1
	4.5

	TDD
	4.4
	4.4
	4.4
	4.3
	4.6
	4.2
	4.5
	4.3


Proposal #1:
Use gamma equal to 3 for Class A single PMI FDD and TDD test cases.
3. Multiple PMI test case
In Figure 2 we provide the link level simulation results for the Multiple PMI FDD and TDD test case including the absolute throughput and throughput ratio metrics for different SNR points. The simulation results are provided for different CSS configurations.
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	Figure 2. Multiple PMI test case simulation result


In Table 2 we provide SNR and Gamma values for various values of CSS and 90% of max “Follow PMI” throughput for the Multiple PMI test.
Table 2. Multiple PMI performance metrics summary
	% of max T-Put
	CSS 1
	CSS 2
	CSS 3
	CSS 4

	
	SNR, dB
	Gamma
	SNR, dB
	Gamma
	SNR, dB
	Gamma
	SNR, dB
	Gamma

	FDD
	5.7
	4.4
	6.2
	3.8
	5.9
	4.1
	6.0
	4.1

	TDD
	6.6
	4.0
	7.0
	3.6
	6.8
	3.7
	6.9
	3.7


Proposal #2:
Use gamma equal to 2.5 for Class A multiple PMI FDD and TDD test cases.
4. Conclusions

In this contribution, we provided the simulation results for all agreed test cases.
Proposal #1:
Use gamma equal to 3 for Class A single PMI FDD and TDD test cases.

Proposal #2:
Use gamma equal to 2.5 for Class A multiple PMI FDD and TDD test cases.
The Excel spreadsheet with the performance analysis summary is attached below.
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Simulation Assumption （Class A）

		Parameter		Unit		Test 1(Single PMI test)		Test 2 (Multiple PMI test)

		Bandwidth		MHz		10		10

		Transmission mode				9		9

		Propagation channel				EPA5		EVA5

		Precoding granularity
(only for reporting and following PMI)				50		6

		Correlation and antenna configuration 				2D High XP 12 x 2 
(N1,N2,P) = (2,3,2) 		2D High XP 16 x 2
(N1,N2,P) =(2,4,2)

		Beamforming model				[Annex B.4.3]		[Annex B.4.3]

		Cell-specific reference signals				Antenna ports 0,1		Antenna ports 0,1

		CSI reference signals				Antenna ports		Antenna ports

						15,…,26		15,…,30

		　Number of CSI-RS ports				12		16

		CDM Type				CDM2		CDM4

		CSI-RS periodicity and subframe offset  
TCSI-RS / ICSI-RS				5/1		5/1

		NZP-CSI-RS-Configuration-List				{0,1,2}		{0,1}

		eMIMO-Type 				Class A		Class A

		codebookConfig-N1				2		2

		codebookConfig-N2				3		4

		codebook-Over-Sampling-RateConfig-O1				8		8

		codebook-Over-Sampling-RateConfig-O2				4		8

		Codebook-Config				1,2,3,4		1,2,3,4

		codebookSubsetRestriction-1				0x01 
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
		0x02
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF



		codebookSubsetRestriction-2				(Codebook-Config 1): 
0000 0000 1111 
(Codebook-Config 2,3,4):
 0x 00 000000 0000 FFFF 
 		(Codebook-Config 1): 
0000 1111 0000
(Codebook-Config 1):
 0x 00 000000 FFFF 0000 


		Reporting mode				PUSCH 3-1		PUSCH 1-2

		Reporting interval		ms		5		5

		 PMI delay 		ms		8		8

		Measurement channel				64QAM 1/2 (R.XX-1)		16QAM 1/2 (R.XX-2)

		Rank Number of PDSCH				1		2

		Max number of HARQ transmissions				4		4

		Redundancy version coding sequence				{0,1,2,3}		{0,1,2,3}





FRC

		Paramter						Unit				Value

		Reference channel										12 CSI-RS ports
2 CRS ports
64QAM 1/2 				16 CSI-RS ports
2 CRS ports
16QAM 1/2

												FDD				FDD

		Channel bandwidth						MHz				10				10

		Allocated resource blocks (Note 1)										50				50

		Allocated subframes per Radio Frame 										9				9

		Modulation										64QAM				16QAM

		Target Coding Rate										1/2				1/2

		Information Bit Payload

		  For Sub-Frames (Non CSI-RS subframe)						Bits				18336				11448

		  For Sub-Frames (CSI-RS subframe)						Bits				16416				9912

		  For Sub-Frames (ZeroPowerCSI-RS subframe)						Bits				N/A				N/A

		  For Sub-Frame 5						Bits				N/A				N/A

		  For Sub-Frame 0						Bits				14688				9528

		Number of Code Blocks per Sub-Frame

		  For Sub-Frames (Non CSI-RS subframe)										3				2

		  For Sub-Frames (CSI-RS subframe)										3				2

		  For Sub-Frames (ZeroPowerCSI-RS subframe)						Bits				N/A				N/A

		  For Sub-Frame 5										N/A				N/A

		  For Sub-Frame 0										3				2

		Binary Channel Bits Per Sub-Frame

		  For Sub-Frames (Non CSI-RS subframe)						Bits				36000				24000

		  For Sub-Frames (CSI-RS subframe)						Bits				32400				20800

		  For Sub-Frames (ZeroPowerCSI-RS subframe)						Bits				N/A				N/A

		  For Sub-Frame 5						Bits				N/A				N/A

		  For Sub-Frame 0						Bits				29520				19680

		Max. Throughput averaged over 1 frame						Mbps				15.7536				9.804

		UE Category										≥ 2				≥ 2

		Note1: 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0
Note2: 50 resource blocks are allocated in sub-frames 2, 3, 4, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0
Note3: 50 resource blocks are allocated in sub-frames 3, 4, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0













Class A Single PMI Test





		TP		AVE		Spread																																																																																										Max tput		1.58E+07		bps

		70%		1.32		0.07																																																																																										Req tput		1.10E+07		bps

		75%		1.86		0.07																																																																																												1.18E+07		bps

		80%		2.50		0.08																																																																																												1.26E+07		bps

		90%		4.07		0.11



















































		Absolute Throughput with following PMI





		SNR [dB]		Qualcomm								Samsung								MTK								LGE								Intel								Ericsson								Huawei

				CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4

		-6																																		3500850		3517840		3457450		3499900

		-5																																		4306410		4305340		4264210		4285020

		-4																																		5072430		5062010		5030110		5031760

		-3																																		5819010		5827130		5782150		5791380

		-2																																		6654950		6685700		6618670		6642340

		-1																																		7804170		7827280		7737410		7764920

		0																																		9142630		9147410		9040180		9067190

		1																																		10639800		10636300		10533400		10558500

		2																																		12074100		12066500		11977700		11998900

		3																																		13239200		13231400		13157900		13170300

		4																																		14164100		14156800		14092300		14104200

		5																																		14855000		14846000		14768000		14804000

		6																																		15309500		15300500		15225600		15271000

		7																																		15527800		15521500		15481600		15507800

		8																																		15658100		15653500		15636800		15648500

		9																																		15737600		15732200		15721500		15727200

		10																																		15781800		15777100		15769200		15771800

		11																																		15799300		15797700		15791900		15793500

		12																																		15806500		15806500		15801600		15802900

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		SNR at 70% Relative TP																																		1.3		1.3		1.4		1.3																																								

		SNR at 75% Relative TP																																		1.8		1.8		1.9		1.9																																								

		SNR at 80% Relative TP																																		2.5		2.5		2.5		2.5																																								

		SNR at 90% Relative TP																																		4.0		4.0		4.1		4.1																																								

																																																																																		



		Relative Throughput Ratio

		SNR [dB]		Qualcomm								Samsung								MTK								LGE								Intel								Ericsson								Huawei

				CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4

		-6																																		174.17		175.02		172.01		174.12

		-5																																		83.06		83.04		82.25		82.65

		-4																																		44.92		44.83		44.55		44.56

		-3																																		23.87		23.90		23.72		23.76

		-2																																		14.85		14.92		14.77		14.83

		-1																																		10.73		10.76		10.64		10.67

		0																																		8.43		8.44		8.34		8.36

		1																																		7.05		7.05		6.98		7.00

		2																																		6.06		6.05		6.01		6.02

		3																																		5.26		5.26		5.23		5.23

		4																																		4.60		4.60		4.58		4.58

		5																																		4.03		4.03		4.01		4.02

		6																																		3.57		3.57		3.55		3.56

		7																																		3.20		3.20		3.19		3.19

		8																																		2.89		2.89		2.89		2.89

		9																																		2.64		2.63		2.63		2.63

		10																																		2.41		2.41		2.41		2.41

		11																																		2.22		2.22		2.22		2.22

		12																																		2.05		2.05		2.04		2.05

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23









				Absolute Throughput with random PMI

		SNR [dB]		Qualcomm		Samsung		MTK		LGE		Intel		Ericsson		Huawei

		-6										20100

		-5										51844

		-4										112910

		-3										243760

		-2										448020

		-1										727420

		0										1084300

		1										1509100

		2										1994000

		3										2516300

		4										3077500

		5										3681900

		6										4291000

		7										4854800

		8										5408900

		9										5970800

		10										6541100

		11										7127300

		12										7727200

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28



Absolute Throughput with following PMI



Qualcomm	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Intel	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	3500850	4306410	5072430	5819010	6654950	7804170	9142630	10639800	12074100	13239200	14164100	14855000	15309500	15527800	15658100	15737600	15781800	15799300	15806500	Intel	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	3517840	4305340	5062010	5827130	6685700	7827280	9147410	10636300	12066500	13231400	14156800	14846000	15300500	15521500	15653500	15732200	15777100	15797700	15806500	Intel	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	3457450	4264210	5030110	5782150	6618670	7737410	9040180	10533400	11977700	13157900	14092300	14768000	15225600	15481600	15636800	15721500	15769200	15791900	15801600	Intel	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	3499900	4285020	5031760	5791380	6642340	7764920	9067190	10558500	11998900	13170300	14104200	14804000	15271000	15507800	15648500	15727200	15771800	15793500	15802900	Ericsson	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Es/Noc



Throughput (bps)





Relative Throughput Ratio
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Throughput Ratio





Absolute Throughput with random PMI
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Throughput (bps)







Class A Mutiple PMI test





		TP		AVE		Spread																																																																																										Max tput		1.96E+07		bps

		70%		3.18		0.35																																																																																										Req tput		1.37E+07		bps

		75%		3.82		0.39																																																																																												1.47E+07		bps

		80%		4.47		0.45																																																																																												1.57E+07		bps

		90%		5.98		0.57



















































		Absolute Throughput with following PMI





		SNR [dB]		Qualcomm								Samsung								MTK								LGE								Intel								Ericsson								Huawei

				CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4

		-6

		-5

		-4																																		5790590		5424810		5635990		5601150

		-3																																		6700180		6373860		6568540		6546000

		-2																																		7626130		7336010		7500920		7489390

		-1																																		8536390		8286430		8394940		8395970

		0																																		9527630		9299960		9365170		9371820

		1																																		10736800		10476100		10581400		10564900

		2																																		12114300		11773800		11959200		11912100

		3																																		13715200		13215400		13491500		13433800

		4																																		15326200		14686500		15038000		14979300

		5																																		16798300		16123400		16515100		16460300

		6																																		17978700		17368800		17729900		17683300

		7																																		18770800		18329300		18558700		18519500

		8																																		19271700		18997400		19108400		19080200

		9																																		19519900		19375700		19417400		19406500

		10																																		19640200		19579500		19583600		19583000

		11																																		19664300		19644200		19637100		19638400

		12																																		19674400		19671900		19662900		19664500

		13																																		19677000		19676400		19673600		19674100

		14																																		19678000		19678000		19678000		19678000

		15

		16

		17

		18

		19

		20

		21

		22

		23

		SNR at 70% Relative TP																																		3.0		3.4		3.2		3.2																																								

		SNR at 75% Relative TP																																		3.6		4.0		3.8		3.8																																								

		SNR at 80% Relative TP																																		4.3		4.7		4.5		4.5																																								

		SNR at 90% Relative TP																																		5.7		6.3		5.9		6.0																																								

																																																																																		



		Relative Throughput Ratio

		SNR [dB]		Qualcomm								Samsung								MTK								LGE								Intel								Ericsson								Huawei

				CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4

		-6

		-5

		-4

		-3

		-2

		-1

		0

		1																																		50.66		49.43		49.93		49.85

		2																																		22.62		21.99		22.33		22.25

		3																																		11.61		11.19		11.42		11.37

		4																																		7.27		6.97		7.13		7.11

		5																																		5.18		4.97		5.09		5.07

		6																																		4.09		3.95		4.03		4.02

		7																																		3.54		3.46		3.50		3.50

		8																																		3.17		3.12		3.14		3.14

		9																																		2.88		2.85		2.86		2.86

		10																																		2.64		2.63		2.63		2.63

		11																																		2.42		2.42		2.42		2.42

		12																																		2.24		2.24		2.24		2.24

		13																																		2.08		2.08		2.08		2.08

		14																																		1.94		1.94		1.94		1.94

		15

		16

		17

		18

		19

		20

		21

		22

		23









				Absolute Throughput with random PMI

		SNR [dB]		Qualcomm		Samsung		MTK		LGE		Intel		Ericsson		Huawei

		-6

		-5

		-4										0

		-3										410

		-2										1590

		-1										15496

		0										51085

		1										211928

		2										535468

		3										1181090

		4										2107770

		5										3243740

		6										4398910

		7										5295070

		8										6083530

		9										6788070

		10										7453160

		11										8122040

		12										8790210

		13										9468780

		14										10154100

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28

		29

		30

		31

		32



Absolute Throughput with following PMI
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Throughput (bps)





Relative Throughput Ratio

Qualcomm	CSS 1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 3	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 4	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 3	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 4	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 3	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 4	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 3	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 4	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Intel	CSS 1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	50.662388900000003	22.6238028	11.612398799999999	7.2712826100000001	5.1786795000000003	4.0870790499999998	3.5449655299999998	3.1678476299999998	2.8756158900000002	2.63515626	2.4211041400000002	2.2382144899999998	2.0780937599999998	1.93793894	Intel	CSS 2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	49.432625100000003	21.987789500000002	11.1892268	6.9677944800000002	4.9706117000000001	3.9484262999999999	3.461573	3.1227641799999999	2.8543783	2.6269999899999998	2.4186263600000002	2.2379310299999999	2.07802715	1.93793894	Intel	CSS 3	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	49.929327499999999	22.334103200000001	11.4229512	7.13455248	5.0913639399999999	4.03052192	3.5049106399999999	3.14100468	2.8605134400000001	2.62755479	2.4177513400000001	2.2369094399999998	2.0777363200000001	1.93793894	Intel	CSS 4	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	49.851335800000001	22.246058699999999	11.3740735	7.1067086100000001	5.0744661999999998	4.0199132400000002	3.49750973	3.13636319	2.8589138200000002	2.6274760700000002	2.4179132299999999	2.2370903200000001	2.0777913400000001	1.93793894	Ericsson	CSS 1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 3	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 4	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 3	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 4	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Es/Noc



Throughput Ratio





Absolute Throughput with random PMI
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Throughput (bps)








Simulation Assumption （Class A）

		Parameter		Unit		Test 1(Single PMI test)		Test 2 (Multiple PMI test)

		Bandwidth		MHz		10		10

		Transmission mode				9		9

		Propagation channel				EPA5		EVA5

		Precoding granularity
(only for reporting and following PMI)				50		6

		Correlation and antenna configuration 				2D High XP 12 x 2 
(N1,N2,P) = (2,3,2) 		2D High XP 16 x 2
(N1,N2,P) =(2,4,2)

		Beamforming model				[Annex B.4.3]		[Annex B.4.3]

		Cell-specific reference signals				Antenna ports 0,1		Antenna ports 0,1

		CSI reference signals				Antenna ports		Antenna ports

						15,…,26		15,…,30

		　Number of CSI-RS ports				12		16

		CDM Type				CDM2		CDM4

		CSI-RS periodicity and subframe offset  
TCSI-RS / ICSI-RS				5/1		5/1

		NZP-CSI-RS-Configuration-List				{0,1,2}		{0,1}

		eMIMO-Type 				Class A		Class A

		codebookConfig-N1				2		2

		codebookConfig-N2				3		4

		codebook-Over-Sampling-RateConfig-O1				8		8

		codebook-Over-Sampling-RateConfig-O2				4		8

		Codebook-Config				1,2,3,4		1,2,3,4

		codebookSubsetRestriction-1				0x01 
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
		0x02
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF



		codebookSubsetRestriction-2				(Codebook-Config 1): 
0000 0000 1111 
(Codebook-Config 2,3,4):
 0x 00 000000 0000 FFFF 
 		(Codebook-Config 1): 
0000 1111 0000
(Codebook-Config 1):
 0x 00 000000 FFFF 0000 


		Reporting mode				PUSCH 3-1		PUSCH 1-2

		Reporting interval		ms		5		5

		 PMI delay 		ms		8		8

		Measurement channel				64QAM 1/2 (R.XX-1)		16QAM 1/2 (R.XX-2)

		Rank Number of PDSCH				1		2

		Max number of HARQ transmissions				4		4

		Redundancy version coding sequence				{0,1,2,3}		{0,1,2,3}





FRC

		Parameter		Unit		Value		Value

		Reference channel				12 CSI-RS ports          64QAM 1/2		16 CSI-RS Ports   16QAM1/2

		Channel bandwidth		MHz		10		10

		Allocated resource blocks				50 Note 4		504

		Uplink-Downlink Configuration (Note 3)				1		1

		Allocated subframes per Radio Frame (D+S)				3+2		3+2

		Allocated subframes per Radio Frame 				10		10

		Modulation				64QAM		16QAM

		Target Coding Rate				1/2		1/2

		Information Bit Payload

		  For Sub-Frames 4 and 9  (Non CSI-RS subframe)		Bits		N/A		N/A

		  For Sub-Frames 4 and 9   (CSI-RS subframe)		Bits		16416		9912

		For Sub-Frames 1,6		Bits		11832		7736

		  For Sub-Frame 5		Bits		N/A		N/A

		  For Sub-Frame 0		Bits		14688		9528

		Number of Code Blocks per Sub-Frame (Note 5)

		  For Sub-Frames  4 and 9    (Non CSI-RS subframe)				N/A		N/A

		For Sub-Frames 4 and 9  (CSI-RS subframe)				3		2

		For Sub-Frames 1,6				2		2

		  For Sub-Frame 5				N/A		N/A

		  For Sub-Frame 0				3		2

		Binary Channel Bits Per Sub-Frame

		  For Sub-Frames 4 and 9  (Non CSI-RS subframe)		Bits		N/A		N/A

		  For Sub-Frames 4 and 9   (CSI-RS subframe)		Bits		32400		20800

		For Sub-Frames 1,6		Bits		23616		15744

		  For Sub-Frame 5		Bits		N/A		N/A

		  For Sub-Frame 0		Bits		29520		19680

		Max. Throughput averaged over 1 frame		Mbps		7.1184		4.4824

		UE Category				≥ 2		≥ 2





Class A Single PMI Test





		TP		AVE		Spread																																																																																										Max tput		7.12E+06		bps

		70%		1.64		0.07																																																																																										Req tput		4.98E+06		bps

		75%		2.21		0.09																																																																																												5.34E+06		bps

		80%		2.84		0.10																																																																																												5.69E+06		bps

		90%		4.49		0.17



















































		Absolute Throughput with following PMI





		SNR [dB]		Qualcomm								Samsung								MTK								LGE								Intel								Ericsson								Huawei

				CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4

		-6																																		1597000		1595900		1576200		1570000

		-5																																		1956500		1951600		1935200		1928600

		-4																																		2282400		2275900		2260100		2256300

		-3																																		2583700		2578100		2563200		2564600

		-2																																		2916900		2912900		2896200		2904400

		-1																																		3388700		3384900		3353900		3370900

		0																																		3951300		3948100		3900900		3923300

		1																																		4598600		4600900		4554700		4563600

		2																																		5244800		5250800		5206800		5205400

		3																																		5811500		5813600		5751500		5770300

		4																																		6271400		6268400		6200800		6233700

		5																																		6598100		6590200		6553700		6572700

		6																																		6822300		6813700		6799700		6805700

		7																																		6953800		6952200		6933300		6936000

		8																																		7035200		7036800		7017400		7019500

		9																																		7082000		7079300		7072200		7076900

		10																																		7105900		7101800		7101700		7106600

		11																																		7111700		7110400		7109900		7111900

		12																																		7113900		7113900		7113000		7113900

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		SNR at 70% Relative TP																																		1.6		1.6		1.7		1.7																																								

		SNR at 75% Relative TP																																		2.2		2.2		2.3		2.2																																								

		SNR at 80% Relative TP																																		2.8		2.8		2.9		2.9																																								

		SNR at 90% Relative TP																																		4.4		4.4		4.6		4.5																																								

																																																																																		



		Relative Throughput Ratio

		SNR [dB]		Qualcomm								Samsung								MTK								LGE								Intel								Ericsson								Huawei

				CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4

		-6																																		145.18		145.08		143.29		142.73

		-5																																		71.70		71.52		70.92		70.68

		-4																																		40.33		40.22		39.94		39.87

		-3																																		22.43		22.38		22.25		22.26

		-2																																		14.21		14.19		14.11		14.15

		-1																																		10.21		10.19		10.10		10.15

		0																																		8.03		8.03		7.93		7.98

		1																																		6.85		6.86		6.79		6.80

		2																																		5.99		5.99		5.94		5.94

		3																																		5.23		5.23		5.17		5.19

		4																																		4.58		4.58		4.53		4.55

		5																																		4.02		4.02		4.00		4.01

		6																																		3.56		3.56		3.55		3.56

		7																																		3.20		3.20		3.19		3.19

		8																																		2.90		2.90		2.89		2.89

		9																																		2.64		2.64		2.63		2.63

		10																																		2.42		2.41		2.41		2.42

		11																																		2.23		2.23		2.23		2.23

		12																																		2.07		2.07		2.07		2.07

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23









				Absolute Throughput with random PMI

		SNR [dB]		Qualcomm		Samsung		MTK		LGE		Intel		Ericsson		Huawei

		-6										11000

		-5										27286

		-4										56587

		-3										115200

		-2										205330

		-1										332060

		0										491890

		1										670920

		2										875870

		3										1111900

		4										1369500

		5										1640300

		6										1913900

		7										2172600

		8										2427600

		9										2685800

		10										2941400

		11										3190500

		12										3434700

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28



Absolute Throughput with following PMI



Qualcomm	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Qualcomm	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Samsung	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	MTK	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	LGE	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Intel	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	1597000	1956500	2282400	2583700	2916900	3388700	3951300	4598600	5244800	5811500	6271400	6598100	6822300	6953800	7035200	7082000	7105900	7111700	7113900	Intel	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	1595900	1951600	2275900	2578100	2912900	3384900	3948100	4600900	5250800	5813600	6268400	6590200	6813700	6952200	7036800	7079300	7101800	7110400	7113900	Intel	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	1576200	1935200	2260100	2563200	2896200	3353900	3900900	4554700	5206800	5751500	6200800	6553700	6799700	6933300	7017400	7072200	7101700	7109900	7113000	Intel	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	1570000	1928600	2256300	2564600	2904400	3370900	3923300	4563600	5205400	5770300	6233700	6572700	6805700	6936000	7019500	7076900	7106600	7111900	7113900	Ericsson	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Ericsson	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Huawei	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	Es/Noc



Throughput (bps)





Relative Throughput Ratio
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Throughput Ratio





Absolute Throughput with random PMI
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Throughput (bps)







Class A Mutiple PMI test





		TP		AVE		Spread																																																																																										Max tput		8.96E+06		bps

		70%		3.92		0.35																																																																																										Req tput		6.28E+06		bps

		75%		4.58		0.38																																																																																												6.72E+06		bps

		80%		5.24		0.45																																																																																												7.17E+06		bps

		90%		6.83		0.48



















































		Absolute Throughput with following PMI





		SNR [dB]		Qualcomm								Samsung								MTK								LGE								Intel								Ericsson								Huawei

				CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4

		-6

		-5

		-4																																		2454300		2287000		2382400		2390700

		-3																																		2864900		2711600		2796500		2785500

		-2																																		3267000		3122800		3204400		3187700

		-1																																		3644400		3502900		3592500		3589400

		0																																		4045500		3905400		4001800		4014600

		1																																		4527800		4400200		4479900		4486200

		2																																		5084300		4957600		5020800		5015300

		3																																		5755900		5571900		5655300		5648800

		4																																		6469600		6220200		6330300		6326000

		5																																		7175000		6897600		7014900		7012900

		6																																		7797100		7525400		7636600		7634600

		7																																		8288000		8053700		8151600		8140700

		8																																		8628800		8453500		8522700		8509200

		9																																		8812900		8712700		8730100		8728200

		10																																		8911400		8865100		8852000		8857500

		11																																		8943700		8924700		8909400		8915200

		12																																		8957600		8951800		8939200		8944400

		13																																		8960000		8957100		8950800		8954700

		14																																		8960900		8959000		8955500		8958800

		15

		16

		17

		18

		19

		20

		21

		22

		23

		SNR at 70% Relative TP																																		3.7		4.1		3.9		3.9																																								

		SNR at 75% Relative TP																																		4.4		4.8		4.6		4.6																																								

		SNR at 80% Relative TP																																		5.0		5.4		5.3		5.3																																								

		SNR at 90% Relative TP																																		6.6		7.0		6.8		6.9																																								

																																																																																		



		Relative Throughput Ratio

		SNR [dB]		Qualcomm								Samsung								MTK								LGE								Intel								Ericsson								Huawei

				CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4		CSS 1		CSS 2		CSS 3		CSS 4

		-6

		-5

		-4

		-3

		-2

		-1

		0

		1

		2																																		22.40		21.84		22.12		22.10

		3																																		11.83		11.46		11.63		11.61

		4																																		7.50		7.21		7.34		7.34

		5																																		5.39		5.18		5.27		5.27

		6																																		4.27		4.12		4.19		4.18

		7																																		3.69		3.59		3.63		3.63

		8																																		3.29		3.23		3.25		3.25

		9																																		3.01		2.97		2.98		2.98

		10																																		2.77		2.75		2.75		2.75

		11																																		2.56		2.55		2.55		2.55

		12																																		2.37		2.36		2.36		2.36

		13																																		2.18		2.18		2.18		2.18

		14																																		2.00		2.00		2.00		2.00

		15

		16

		17

		18

		19

		20

		21

		22

		23









				Absolute Throughput with random PMI

		SNR [dB]		Qualcomm		Samsung		MTK		LGE		Intel		Ericsson		Huawei

		-6

		-5

		-4										0

		-3										424

		-2										1612

		-1										10375

		0										31240

		1										98121

		2										226950

		3										486410

		4										862410

		5										1330300

		6										1824600

		7										2245600

		8										2619800

		9										2931700

		10										3218600

		11										3498000

		12										3787000

		13										4114600

		14										4473200

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28

		29

		30

		31

		32



Absolute Throughput with following PMI



Qualcomm	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Qualcomm	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Qualcomm	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Qualcomm	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Samsung	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Samsung	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Samsung	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Samsung	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	MTK	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	MTK	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	MTK	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	MTK	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	LGE	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	LGE	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	LGE	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	LGE	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Intel	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	2454300	2864900	3267000	3644400	4045499.9999999995	4527800	5084300	5755900	6469600	7175000	7797100	8288000	8628800	8812900	8911400	8943700	8957600	8960000	8960900	Intel	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	2287000	2711600	3122800	3502900	3905400	4400200	4957600	5571900	6220200	6897600	7525400	8053699.9999999991	8453500	8712700	8865100	8924700	8951800	8957100	8959000	Intel	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	2382400	2796500	3204400	3592500	4001800.0000000005	4479900	5020800	5655300	6330300	7014900	7636600	8151600	8522700	8730100	8852000	8909400	8939200	8950800	8955500	Intel	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	2390700	2785500	3187700	3589400	4014599.9999999995	4486200	5015300	5648800	6326000	7012900	7634600	8140700.0000000009	8509200	8728200	8857500	8915200	8944400	8954700	8958800	Ericsson	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Ericsson	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Ericsson	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Ericsson	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Huawei	CSS 1	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Huawei	CSS 2	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Huawei	CSS 3	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Huawei	CSS 4	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Es/Noc



Throughput (bps)





Relative Throughput Ratio
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