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1. Introduction

In the previous RAN4 meetings multiple agreements on the FD MIMO Class A CSI reporting performance requirements were reached [1-3]:

	RAN4 #77

· New CSI requirements need to be introduced at least for such purpose:
· CSI Class A with new codebook
· …

RAN4 #78

· Introduce PMI test cases for Class A

· Test Metric:
· Reuse existing PMI test metric, relative throughput ratio between follow PMI and random PMI under FRC test.

· Follow PMI and random PMI need to be restricted to the codebook and rank informed by the RRC parameters. Rank is based on CSR.

· Test case list:
· Totally 2 test cases are introduced for CSI class A with one single PMI test case and one multiple PMI test case. 

· One test case is for 12 CSI-RS ports and another one is for 16 CSI-RS ports. 

· Detailed test parameters:

· At least agree candidates on MCS, rank, codebook parameters, and propagation channel by e-mail discussion so that all the companies can run the simulations for the next RAN4#78bis meeting to speed up the progress.
RAN4 #78bis

· Test Metric

· Reusing existing 8Tx PMI test metric: 
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is [TBD%] of the maximum throughput obtained at 
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 using the precoders configured according to the UE reports, and 
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 is the throughput measured at 
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 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 (baseline)

· FFS for detailed selection rule

· Bring simulation results for both single PMI and multiple PMI test case with  different Codebook configuration 1,2,3,4 in next RAN4 meeting

· Test parameters

· Introduce Single PMI test with 12 ports, (N1, N2) = (2, 3), (O1, O2) = (8, 4), CDM2, codebook configuration =1,2,3,4, PUSCH 3-1, EPA 5Hz, 64QAM ½ with rank1
· Introduce Multiple PMI test with 16 ports, (N1, N2) = (2, 4), (O1, O2) = (8, 8), CDM4, codebook configuration =1,2,3,4, PUSCH 1-2, EVA 5Hz, 16QAM ½ with rank2


In this contribution we provide the simulation results for the agreed Class A CSI reporting test cases and provide views on the remaining open issues.
2. Single PMI test case
In the last RAN4 meeting it was agreed to use the following setups for single PMI test:

· MCS: 64QAM, RI = 1

· CDM 2

· (N1, N2) = (2, 3)

· (O1, O2) = (8, 4)

In Figures 1-3 we provide the link level simulation results for the Single PMI test case including the absolute throughput, throughput ratio metrics for different SNR points and also for different maximum throughput levels.
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Figure 1. Single PMI – Absolute throughput
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Figure 2. Single PMI - γ vs. SNR
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Figure 3. Single PMI - γ vs. % of Max T-put of Follow PMI.


The simulation results are provided for different CSS configurations. The results indicate that the performance is almost similar for different CSS. So, unified CSS-agnostic performance requirements can be defined without any constraints.
In Table 1 we provide the SNR and Gamma values for various CSS configuration and different levels of “Follow PMI” throughput for the Single PMI test. It may be observed that for considered test points the SNR points are in the operating region. However, the gamma metric is rather high and varies from 4.7 to 7.5. Such high values may potentially negatively affect the PMI reporting testability due potentially increased test requirements margins. To keep the gamma value at not very high level, either 85% or 90% of max throughput test points can be used to define the requirements (gamma from 4.7 to 5.3).
Table 1. Single 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

	70
	0.39
	7.41
	0.37
	7.45
	0.48
	7.22
	0.45
	7.28

	75
	1.03
	6.63
	1.02
	6.66
	1.12
	6.47
	1.09
	6.54

	80
	1.66
	5.97
	1.65
	5.99
	1.75
	5.83
	1.70
	5.91

	85
	2.34
	5.38
	2.33
	5.38
	2.44
	5.25
	2.37
	5.33

	90
	3.12
	4.80
	3.12
	4.80
	3.27
	4.66
	3.15
	4.77


Proposal #1:
Use 90% of the maximum Follow PMI throughput test point for the single PMI requirements definition.
3. Multiple PMI test case
In the last RAN4 meeting multiple agreements on test setup for multiple PMI were reached:

· MCS: 16QAM, RI = 2

· CDM 4

· (N1, N2) = (2, 4)

· (O1, O2) = (8, 8)

In Figures 4-6 we provide the link level simulation results for the Multiple PMI test case including the absolute throughput, throughput ratio metrics for different SNR points and also for different max throughput levels.
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Figure 4. Multiple PMI – Absolute throughput
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Figure 5. Multiple PMI – γ vs. SNR
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Figure 6. Multiple PMI – γ vs. % of Max T-put of Follow PMI.


The simulation results are provided for different CSS configurations. The results show that there are small variations of the absolute throughput performance for different CSS values which may eventually lead to rather big variations in the gamma metrics (from 0.5 for 90% of max throughput and up to 1.9 for 70% of max throughput). Therefore, in order to define unified CSS agnostic performance requirements the performance metrics should be set based on the minimum gamma metrics among different CSS configurations.
In Table 2 we provide SNR and Gamma values for various values of CSS and percentage of the maximum Follow PMI throughput for the Multiple PMI test. Similarly to the Single PMI test it may be observed that for the considered test points the SNR is in the operating regions. Meantime, the gamma metric is also very high and varies from 4.2 to 10.3. To keep is at more or less reasonable level, the 90% of max throughput test point can be used (gamma ~ 4.2).
Table 2. Multiple PMI.

	% of max T-Put
	CSS 1
	CSS 2
	CSS 3
	CSS 4

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

	70
	2.75
	10.32
	3.23
	8.44
	2.95
	9.44
	2.99
	9.30

	75
	3.51
	8.17
	4.02 
	6.83
	3.73
	7.54
	3.77
	7.43

	80
	4.29
	6.63
	4.77 
	5.66
	4.51
	6.15
	4.56
	6.06

	85
	5.08
	5.43
	5.51 
	4.75
	5.29
	5.08
	5.34
	5.01

	90
	5.88
	4.51
	6.30
	4.05
	6.09
	4.26
	6.15
	4.20


Proposal #2:
Use 90 % of the maximum Follow PMI throughput test point for the multiple PMI requirements definition.

4. Conclusions

In this contribution, we have provided our views on the remaining configurations for Rel-13 FD MIMO Class A PMI reporting tests and provided the simulation results for both agreed test cases. In summary, we make the following proposals:

Proposal #1:
Use 90% of the maximum Follow PMI throughput test point for the single PMI requirements definition.

Proposal #2:
Use 90 % of the maximum Follow PMI throughput test point for the multiple PMI requirements definition.

Therefore the PMI test metrics should be as follows:
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is 90% of the maximum throughput obtained at 
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 using the precoders configured according to the UE reports, and 
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 is the throughput measured at 
[image: image16.wmf]2

,

2

,

1

1

,

1

follow

follow

follow

SNR
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The Excel spreadsheet with the performance analysis summary is attached below.
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Annex: Simulation Assumptions

Table 3. Simulation assumptions for single PMI tests

	Parameters
	Value

	System bandwidth
	10 MHz

	Duplexing mode
	FDD

	Propagation channel
	EPA-5Hz

	Correlation and antenna configuration
	2D High XP 12 x 2 

(N1,N2,P) = (2,3,2)

alpha_1 = 0.9, alpha_2 = 0.9

	Cell-specific reference signals
	Antenna ports 0,1

	CSI reference signals APs
	15,…,26

	CDM type
	CDM2

	CSI-RS periodicity and subframe offset
	5/1

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

	CSI-Reporting-Type
	Class A

	Codebook Configuration
	(N1, N2, O1, O2) = (2, 3, 8, 4)

	Reporting mode
	PUSCH 3-1

	FRC
	64QAM, CR 1/2, Rank 1


Table 4. Simulation assumptions for Multiple PMI tests

	Parameters
	Value

	System bandwidth
	10 MHz

	Duplexing mode
	FDD

	Propagation channel
	EVA-5Hz

	Correlation and antenna configuration
	2D High XP 16 x 2 

(N1,N2,P) = (2,4,2)

alpha_1 = 0.9, alpha_2 = 0.9

	Cell-specific reference signals
	Antenna ports 0,1

	CSI reference signals APs
	15,…,30

	CDM type
	CDM4

	CSI-RS periodicity and subframe offset
	5/1

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

	CSI-Reporting-Type
	Class A

	Codebook Configuration
	(N1, N2, O1, O2) = (2, 4, 8, 8)

	Reporting mode
	PUSCH 1-2

	FRC
	16QAM, CR 1/2, Rank 2
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Simulation Assumption

		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 										10				10

		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













Class A Single PMI Test





		TP		AVE		Spread																																																																																										Max tput		1.58E+07		bps

		70%		0.44		0.11																																																																																										Req tput		1.10E+07		bps

		75%		1.07		0.11																																																																																												1.18E+07		bps

		80%		1.70		0.10																																																																																												1.26E+07		bps

		85%		2.38		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																																		3689490		3694840		3601500		3646430

		-5																																		4649420		4654320		4572980		4623020

		-4																																		5665970		5671640		5595320		5648120

		-3																																		6797880		6807850		6721390		6770100

		-2																																		8059320		8076230		7970210		8008750

		-1																																		9345600		9368460		9243460		9272770

		0																																		10552000		10576300		10442800		10470800

		1																																		11773900		11792600		11661500		11704900

		2																																		13030200		13039300		12915600		12984100

		3																																		14101300		14101400		13991100		14078300

		4																																		14768000		14763900		14674400		14756800

		5																																		15131300		15127000		15061500		15121900

		6																																		15425600		15421100		15377000		15416800

		7																																		15631400		15627100		15600000		15623100

		8																																		15728900		15725600		15709300		15722400

		9																																		15761800		15759800		15750000		15757900

		10																																		15786400		15785500		15780900		15784600

		11																																		15802200		15802000		15800800		15801700

		12																																		15808700		15808700		15808700		15808700

		13																																		15810100		15810100		15810100		15810100

		14																																		15811100		15811100		15811100		15811100

		15																																		15811800		15811800		15811800		15811800

		16																																		15812000		15812000		15812000		15812000

		17

		18

		19

		20

		21

		22

		23

		SNR at 70% Relative TP																																		0.4		0.4		0.5		0.5																																								

		SNR at 75% Relative TP																																		1.0		1.0		1.1		1.1																																								

		SNR at 80% Relative TP																																		1.7		1.7		1.8		1.7																																								

		SNR at 85% Relative TP																																		2.3		2.3		2.5		2.4																																								

																																																																																		



		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																																		68.10		68.16		66.43		67.26

		-5																																		42.43		42.44		41.70		42.16

		-4																																		31.51		31.50		31.08		31.37

		-3																																		20.51		20.51		20.25		20.39

		-2																																		13.37		13.37		13.19		13.26

		-1																																		9.85		9.86		9.73		9.76

		0																																		7.98		7.98		7.88		7.90

		1																																		6.68		6.68		6.61		6.63

		2																																		5.66		5.66		5.61		5.64

		3																																		4.88		4.88		4.84		4.87

		4																																		4.25		4.25		4.23		4.25

		5																																		3.73		3.73		3.72		3.73

		6																																		3.31		3.32		3.31		3.31

		7																																		2.97		2.97		2.97		2.97

		8																																		2.69		2.69		2.69		2.69

		9																																		2.45		2.45		2.45		2.45

		10																																		2.25		2.25		2.25		2.25

		11																																		2.09		2.09		2.09		2.09

		12																																		1.94		1.94		1.94		1.94

		13																																		1.81		1.81		1.81		1.81

		14																																		1.70		1.70		1.70		1.70

		15

		16

		17

		18

		19

		20

		21

		22

		23









				Absolute Throughput with random PMI

		SNR [dB]		Qualcomm		Samsung		MTK		LGE		Intel		Ericsson		Huawei

		-6										54211

		-5										109664

		-4										180027

		-3										331985

		-2										604127

		-1										950479

		0										1325070

		1										1764820

		2										2303270

		3										2889390

		4										3472130

		5										4051410

		6										4650900

		7										5255270

		8										5849210

		9										6429930

		10										7005320

		11										7575950

		12										8142440

		13										8712680

		14										9283860

		15										9840510

		16										10367200

		17										10869200

		18										11354400

		19										11810900

		20										12226900

		21										12610800

		22										12971800

		23										13298700

		24										13580500

		25										13826500

		26										14049500

		27										14243100

		28										14401500



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	3689490	4649420	5665970	6797880	8059320	9345600	10552000	11773900	13030200	14101300	14768000	15131300	15425600	15631400	15728900	15761800	15786400	15802200	15808700	15810100	15811100	15811800	15812000	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	3694840	4654320	5671640	6807850	8076230.0000000009	9368460	10576300	11792600	13039300	14101400	14763900	15127000	15421100	15627100	15725600	15759800	15785500	15802000	15808700	15810100	15811100	15811800	15812000	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	3601500	4572980	5595320	6721390	7970210	9243460	10442800	11661500	12915600	13991100	14674400	15061500	15377000	15600000	15709300	15750000	15780900	15800800	15808700	15810100	15811100	15811800	15812000	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	3646430	4623020	5648120	6770100	8008749.9999999991	9272770	10470800	11704900	12984100	14078300	14756800	15121900	15416800	15623100	15722400	15757900	15784600	15801700	15808700	15810100	15811100	15811800	15812000	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

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	7.9777269999999998	6.6778478000000003	5.6568940000000003	4.8762933999999998	4.2485714999999997	3.7307328000000002	3.3130120999999999	2.9712776999999999	2.6868430000000001	2.4500886999999998	2.2529555000000001	2.0857101	1.9415188000000001	1.8146091	1.7030780999999999	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	7.9816361999999996	6.6820233	5.6612193	4.8804302000000002	4.2521236	3.7337560000000001	3.3157307	2.9736018999999998	2.6884934	2.4510003	2.253355	2.0858091000000001	1.9415188000000001	1.8146087	1.7030776999999999	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	7.8809475000000004	6.6077380000000003	5.6074839000000001	4.8422581999999998	4.2263316	3.7175864999999999	3.3062534000000001	2.9684522000000002	2.6857123999999999	2.4494853000000001	2.2526989999999998	2.0856482000000001	1.9415188000000001	1.8146093000000001	1.7030783	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	7.9020682999999998	6.6323150999999996	5.6372597999999998	4.8724053999999999	4.2500768000000004	3.7325073	3.3148030999999998	2.9728444999999999	2.6879520000000001	2.4507029	2.2532252000000002	2.0857771000000001	1.9415188000000001	1.8146088	1.7030779	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



Qualcomm	-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	24	25	26	27	28	Samsung	-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	24	25	26	27	28	MTK	-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	24	25	26	27	28	LGE	-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	24	25	26	27	28	Intel	-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	24	25	26	27	28	54211.200000000004	109664	180027	331985	604127	950479	1325070	1764820	2303270	2889390	3472130	4051409.9999999995	4650900	5255270	5849210	6429930	7005320	7575950	8142440.0000000009	8712680	9283860	9840510	10367200	10869200	11354400	11810900	12226900	12610800	12971800	13298700	13580500	13826500	14049500	14243100	14401500	Ericsson	-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	24	25	26	27	28	Huawei	-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	24	25	26	27	28	-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	24	25	26	27	28	-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	24	25	26	27	28	-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	24	25	26	27	28	-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	24	25	26	27	28	Es/Noc

Throughput (bps)



Class A Mutiple PMI test





		TP		AVE		Spread																																																																																										Max tput		1.96E+07		bps

		70%		2.98		0.48																																																																																										Req tput		1.37E+07		bps

		75%		3.76		0.50																																																																																												1.47E+07		bps

		80%		4.54		0.47																																																																																												1.57E+07		bps

		85%		5.31		0.43



















































		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

		-3

		-2

		-1

		0																																		9537890		9261310		9386070		9385670

		1																																		11164500		10721400		10953400		10932600

		2																																		12681700		12115900		12426300		12389100

		3																																		14073400		13439400		13792700		13744200

		4																																		15323400		14686100		15040900		14986800

		5																																		16566600		15991700		16300000		16244000

		6																																		17794200		17323300		17553500		17497900

		7																																		18773800		18422900		18570700		18520000

		8																																		19273300		19032700		19120800		19081800

		9																																		19438100		19289000		19339100		19315800

		10																																		19564000		19490700		19508500		19498800

		11																																		19644800		19623300		19619900		19619300

		12																																		19674400		19672500		19663700		19666000

		13																																		19675900		19674900		19669900		19671200

		14																																		19677100		19676600		19674300		19674900

		15																																		19677800		19677700		19677100		19677200

		16																																		19678000		19678000		19678000		19678000

		17

		18

		19

		20

		21

		22

		23

		SNR at 70% Relative TP																																		2.8		3.2		3.0		3.0																																								

		SNR at 75% Relative TP																																		3.5		4.0		3.7		3.8																																								

		SNR at 80% Relative TP																																		4.3		4.8		4.5		4.6																																								

		SNR at 85% Relative TP																																		5.1		5.5		5.3		5.3																																								

																																																																																		



		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																																		27.06		25.99		26.55		26.50

		2																																		14.09		13.46		13.81		13.77

		3																																		9.48		9.05		9.29		9.26

		4																																		7.16		6.86		7.03		7.00

		5																																		5.54		5.35		5.45		5.44

		6																																		4.40		4.28		4.34		4.32

		7																																		3.66		3.59		3.62		3.61

		8																																		3.17		3.13		3.15		3.14

		9																																		2.85		2.83		2.83		2.83

		10																																		2.61		2.60		2.61		2.60

		11																																		2.42		2.41		2.41		2.41

		12																																		2.24		2.24		2.23		2.23

		13																																		2.07		2.07		2.07		2.07

		14																																		1.93		1.93		1.93		1.93

		15																																		1.80		1.80		1.80		1.80

		16																																		1.68		1.68		1.68		1.68

		17																																		1.56		1.56		1.56		1.56

		18

		19

		20

		21

		22

		23









				Absolute Throughput with random PMI

		SNR [dB]		Qualcomm		Samsung		MTK		LGE		Intel		Ericsson		Huawei

		-6

		-5

		-4

		-3

		-2

		-1

		0										49340

		1										412594

		2										899870

		3										1484740

		4										2140760

		5										2988720

		6										4047100

		7										5136000

		8										6075560

		9										6822140

		10										7488570

		11										8129630

		12										8800080

		13										9492020

		14										10184200

		15										10911600

		16										11709000

		17										12651800

		18										13714400

		19										14779700

		20										15730700

		21										16619100

		22										17492600

		23										18228800

		24										18705400

		25										18986600

		26										19213600

		27										19379000

		28										19475600

		29										19531400

		30										19576300

		31										19606300

		32										19617200



Absolute Throughput with following PMI
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