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1. Introduction

In RAN #73 meeting the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was approved [1]. The work item has the following objective on the SU-MIMO IM enhancements:
	· Investigate feasibility and specify requirements for the enhanced SU-MIMO inter-stream interference mitigation (SU-MIMO IM) receivers for the scenarios with 4 receive antennas UEs.

· Stage 1: Investigate performance benefits and feasibility of using SU-MIMO IM receivers for the scenarios with 4 receive antennas UEs.

· Stage 2: Specify UE demodulation performance requirements to verify enhanced SU-MIMO receivers for the UEs equipped with 4 RX antennas


In the last meeting additional agreements on the candidate PDSCH demodulation scenarios were made and summarized in [2]. 
	Additional scenarios for requirements definition
· Rank 2 SU-MIMO test cases

· Option 1: Keep TC#1 with 16QAM
· Option 2: Replace TC#1 (TM4 16QAM) with TS#1 (TM4 64QAM)

· Antenna model is FFS between ULA Med A or ULA Med

· Decision to be made in RAN4 #83
· Rank 4 SU-MIMO test cases

· Make decision on rank 4 test cases in RAN4 #83
· Companies are encourage to provide alignment and impairments results in the next meeting for the performance requirements test cases and additional test cases under investigation


In this contribution we provide further simulation results and views on the target scenario and simulation assumptions for the enhanced SU-MIMO work. 
2. Discussion
2.1 Rank 2 SU-MIMO test cases
In RAN4 #82 and #82bis meetings a set of candidate rank 2 SU-MIMO scenarios was identified (see Table 1). RAN4 agreed to introduce requirements for TC#2 and also make further downselection between TC#1a/1b/1c. The simulation results for FDD and TDD for all cases are illustrated in Figure 3.

Table 1. Rank 2 SU-MIMO test scenarios

	Test Cases
	Descriptions of other parameters

	#1a
	TM4 2-layer 16QAM 1/2 ETU70 2x4 ULA Medium

	#1b
	TM4 2-layer 64QAM 1/2 EPA5 4x4 ULA Medium

	#1c
	TM4 2-layer 64QAM 1/2 EPA5 4x4 ULA Medium A

	#2
	TM9 2-layer 16QAM 1/2 EPA5 2x4 ULA Medium


	Test Case #1a
	Test Case #1b
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	Test Case #1c
	Test Case 2
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	Figure 1. Rank 2 SU-MIMO simulation results (alignment scenarios)


Observation #1:

· R-ML receivers provide testable performance improvement over LMMSE receiver for all evaluated alignment scenarios:

· Test case 1a: 2.9 dB (@70% max T-put), 3.4 dB (@85% max T-put)
· Test case 1b: 1.3 dB (@70% max T-put), 1.8 dB (@85% max T-put)
· Test case 1c: 0.3 dB (@70% max T-put), 0.6 dB (@85% max T-put)
· Test case 2: 2.8 dB (@70% max T-put) , 3.9 dB (@85% max T-put)
· R-ML receiver gain increases for the 85% max t-put reference point comparing to the baseline 70% of max t-put test point

Proposal #1:
Introduce the following rank 2 SU-MIMO performance requirements

· TM4 2-layer 64QAM 1/2 EPA5 4x4 ULA Medium
· TM9 2-layer 16QAM 1/2 EPA5 2x4 ULA Medium
Proposal #2:
Use SNR @ 85% of max t-put test point to define the requirements
2.2 Rank 4 SU-MIMO scenarios
In this section we provide link level results for the rank 4 SU-MIMO scenarios summarized in Table 2. 
Table 2. Rank 4 SU-MIMO test scenarios
	Test Cases
	Descriptions of other parameters

	#1
	TM4 16QAM 1/2 EPA5 4x4 XPL Medium A

	#2
	TM9 16QAM 0.57 EPA5 4x4 XPL Medium A


	Test case #1
	Test case #2
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	Figure 2. Simulation results (feasibility scenarios)


Observation #2:

· R-ML receivers allow achieving testable performance improvement over LMMSE receivers and operate on feasible SNR point for the following scenarios:

· Test case 1: 0.9 dB (@70% max T-put), 1.8 dB (@85% max T-put)
· Test case 2: 1.6 dB (@70% max T-put), 2.5 dB (@85% max T-put)
Proposal #3:
Introduce the following rank 4 SU-MIMO performance requirements

· TM4 4-layer 16QAM 1/2 EPA5 4x4 XPL Medium A
· TM9 4-layer 16QAM 1/2 EPA5 4x4 XPL Medium A
3. SU-MIMO feasibility analysis summary

Taking into account the simulation results in Section 2 as well as previous meeting conclusions, we summarize the overall test coverage for the SU-MIMO IM in Table 3. 
Table 3. SU-MIMO IM testability analysis summary

	Rank

Modulation
	Rank 2
	Rank 3
	Rank 4

	16QAM
	Testable

TM4 2x4 ULA Med

TM9 2x4 ULA Med
	Testable

TM3 4x4 ULA Med A

	Testable

TM4 4x4  XPL Med A
TM9 4x4 XPL Med A

	64QAM
	Testable

TM4 4x4 ULA Med

TM9 4x4 ULA Med
	No testable scenarios 
identified
	No tests agreed

	256QAM
	No testable scenarios 
identified
	No tests agreed
	No tests agreed


4. Conclusions

In this contribution we provided our views on the enhanced SU-MIMO IM target scenarios and simulation assumptions. In summary, we make the following proposals:

Proposal #1:
Introduce the following rank 2 SU-MIMO performance requirements

· TM4 2-layer 64QAM 1/2 EPA5 4x4 ULA Medium
· TM9 2-layer 16QAM 1/2 EPA5 2x4 ULA Medium
Proposal #2:
Use SNR @ 85% of max t-put test point to define the requirements
Proposal #3:
Introduce the following rank 4 SU-MIMO performance requirements

· TM4 4-layer 16QAM 1/2 EPA5 4x4 XPL Medium A
· TM9 4-layer 16QAM 1/2 EPA5 4x4 XPL Medium A
The alignment and impairments simulation results are also provided in the Excel format:

[image: image7.emf]SU-MIMO Results  Summary - Intel.xls
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Evaluation scenarios

		

		Common test parameters (FDD)

				Parameter		Unit		Value

				Bandwidth		MHz		10

				Duplex mode				FDD

				Number of control OFDM symbols				2

				Number of HARQ processes per component carrier		Processes		8

				Maximum number of HARQ transmission				4

				Redundancy version coding sequence				{0,1,2,3} for QPSK and 16QAM

								{0,0,1,2} for 64QAM and 256QAM

				Number of OFDM symbols for PDCCH		OFDM symbols		2 for 10 MHz

				PMI				PUSCH 3-1 for TM4/TM9

								Follow wideband PMI feedback for TM4/TM9

				CSI-RS ports				port 15, 16 for 2 Tx antennas
port 15,…18 for 4 Tx antennas (port 0,1 for CRS)

				CSI-RS periodicity and subframe offset 
TCSI-RS / ΔCSI-RS   (for TM9)		Subframe		5 / 2

				CSI reference signal configuration (for TM9)				8

				Zero-power CSI-RS configuration 
ICSI-RS / 
ZeroPowerCSI-RS bitmap   (for TM9)				3 /
 0010000000000000

				Cyclic Prefix				Normal

				Cell_ID				0

				Tx EVM				6% for 16QAM and 64QAM;

								3% for 256QAM

				Reference receiver				R-ML, interesting companies are encouraged to provide full ML results

		Common test parameters (TDD)

				Parameter		Unit		Value

				Bandwidth		MHz		10

				Duplex mode				TDD

				Uplink-Downlink Configuration				1

				Special Subframe Configuration				4

				Number of control OFDM symbols				2

				Number of HARQ processes per component carrier		Processes		7

				Maximum number of HARQ transmission				4

				Redundancy version coding sequence				{0,1,2,3} for QPSK and 16QAM

								{0,0,1,2} for 64QAM and 256QAM

				Number of OFDM symbols for PDCCH		OFDM symbols		2 for 10 MHz

				PMI				PUSCH 3-1 for TM4/TM9

								Follow wideband PMI feedback for TM4/TM9

				CSI-RS ports				port 15, 16 for 2 Tx antennas
port 15,…18 for 4 Tx antennas (port 0,1 for CRS)

				CSI-RS periodicity and subframe offset 
TCSI-RS / ΔCSI-RS   (for TM9)		Subframe		5 / 4

				CSI reference signal configuration (for TM9)				8

				Zero-power CSI-RS configuration 
ICSI-RS / 
ZeroPowerCSI-RS bitmap   (for TM9)				3 /
0000000000000000

				Cyclic Prefix				Normal

				Cell_ID				0

				Tx EVM				6% for 16QAM and 64QAM;

								3% for 256QAM

				Reference receiver				R-ML, interesting companies are encouraged to provide full ML results

		Test scenario

				Test scenario		Rank		Descriptions of other parameters

				TC#1		Rank 2		TM4 16QAM 1/2 ETU70 2x4 ULA Medium		Test cases for performance requirements

				TC#2				TM9 16QAM 1/2 EPA5 2X4 ULA Medium

				TC#3		Rank 3		TM3 16QAM 1/2 EVA70 4x4 ULA Medium A

				TS #1		Rank 2		TM4 64QAM 1/2 EPA5 4x4 ULA Medium / ULA Medium A		scenarios for further evaluation

				TS #2				TM9 64QAM 1/2 EPA5 4x4 ULA Medium / ULA Medium A

				TS #3		Rank 4		TM4 16QAM 0.57 EPA5 4x4 XPOL Medium A

				TS #4				TM9 16QAM 0.57 EPA5 4x4 XPOL Medium A

		Antenna correlation

						Antenna Correlation

				AC #1		ULA Low correlation

				AC #2		ULA Medium correlation (α=0.3, β=0.9)

				AC #3		ULA Medium A correlation (α=0.3, β=0.3874)

				AC #4		XPOL Medium A correlation (α=0.3, β=0.6, γ=0.2)





FRC for simulations

						Test case for performance requirements						scenarios for further evaluation

		FRC for FDD				Rank2				Rank3		Rank2				Rank4

						TC#1		TC#2		TC#3		TS#1		TS#2		TS#3		TS#4

		Parameter		Unit		TM4 16QAM		TM9 16QAM		TM3 16QAM		TM4 64QAM		TM9 64QAM		TM4 16QAM		TM9 16QAM

		Reference channel

		Channel bandwidth		MHz		10		10		10		10		10		10		10

		Allocated resource blocks (Note 3)				50		50		50		50		50		50		50

		Allocated subframes per Radio Frame				9		9		9		9		9		9		9

		Modulation				16QAM		16QAM		16QAM		64QAM		64QAM		16QAM		16QAM

		Target Coding Rate				1/2		1/2		1/2		1/2		1/2		1/2		0.57

		Information Bit Payload

		For Sub-Frames 1,4,6,9		Bits		12960		11448		12960(CW0)
25456(CW1)		18336		18336		25456		25456

		For Sub-Frames 2,3,7,8		Bits		12960		11448		12960(CW0)
25456(CW1)		18336		18336		25456		25456

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

		For Sub-Frame 0		Bits		12960		9528		11448(CW0)
22920(CW1)		18336		14688		22920		21384

		Number of Code Blocks (Note 4)

		For Sub-Frames 1,4,6,9		Code blocks		3		2		3(CW0)
5(CW1)		3		3		5		5

		For Sub-Frames 2,3,7,8		Code blocks		3		2		3(CW0)
6(CW1)		3		3		5		5

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

		For Sub-Frame 0		Bits		3		2		2(CW0)
4(CW1)		3		3		4		4

		Binary Channel Bits

		For Sub-Frames 1,6		Bits		26400		24000		25600(CW0)
51200(CW1)		38400		36000		51200		43200

		For Sub-Frames 4,9		Bits		26400		24000		25600(CW0)
51200(CW1)		38400		36000		51200		43200

		For Sub-Frames 2,7		Bits		26400		23600		25600(CW0)
51200(CW1)		38400		34800		51200		41600

		For Sub-Frames 3,8		Bits		26400		23200		25600(CW0)
51200(CW1)		38400		34800		51200		41600

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

		For Sub-Frame 0		Bits		24768		19680		24064(CW0)
48128(CW1)		36096		29520		48128		35424

		Max. Throughput averaged over 1 frame		Mbps		11.664		10.1112		11.513(CW0)
22.657(CW1)		16.502		16.138		22.657		22.503

		Note 1: 2 symbols allocated to PDCCH.
Note 2: Reference signal, synchronization signals and PBCH allocated as per TS 36.211.
Note 3: For TM9, 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.
Note 4: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

		FRC for TDD				Test case for performance requirements

						Rank2				Rank3

						TC#1-TDD		TC#2-TDD		TC#3-TDD

		Parameter		Unit		TM4 16QAM		TM9 16QAM		TM3 16QAM

		Reference channel

		Channel bandwidth		MHz		10		10		10

		Allocated resource blocks				50		50 5		50

		Uplink-Downlink Configuration (Note 3)				1		1		1

		Special Subframe Configuration (Note 3)				4		4		4

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

		Modulation				16QAM		16QAM		16QAM

		Target Coding Rate				1/2		1/2		1/2

		Information Bit Payload

		For Sub-Frames 4,9		Bits		12960		11448		12960(CW0)
25456(CW1)

		For Sub-Frames 1,6				9528		7736		9528(CW0)
19080(CW1)

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

		For Sub-Frame 0		Bits		N/A		9528		N/A

		Number of Code Blocks
(Notes 4)

		For Sub-Frames 4,9				3		2		3(CW0)
5(CW1)

		For Sub-Frames 1,6				2		2		2(CW0)
4(CW1)

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

		For Sub-Frame 0				N/A		2		N/A

		Binary Channel Bits

		For Sub-Frames 4,9		Bits		26400		23600		25600(CW0)
51200(CW1)

		For Sub-Frames 1,6				21312		15744		20512(CW0)
41024(CW1)

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

		For Sub-Frame 0		Bits		N/A		19680		N/A

		Max. Throughput averaged over 1 frame		Mbps		4.498		4.79		4.498(CW0)
8.907(CW1)

		UE Category				≥ 2		≥ 2		≥ 2

		Note 1: 2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.
Note 2: Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3: As per Table 4.2-2 in TS 36.211 [4].
Note 4: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 5: 50 resource blocks are allocated in sub-frames 4,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0 and the DwPTS portion of sub-frames 1,6. For R.32-1, 25 resouce blocks are allocated in sub-frames 4,9 and 17 resource blocks (RB0–RB7 and RB16–RB24) are allocated in sub-frame 0 and the DwPTS portion of sub-frames 1, 6.





Summary

				Alignment results

				FDD		Rank		Test scenario		Antenna correlation		Receiver		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9		Average		Span		STD		Gain

				TC for performance requireiments		Rank 2		TC#1
TM4 16QAM		ULA Medium		RML		0.0		16.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		16.9		0.0		0.0		3.4

												MMSE		0.0		20.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		20.3		0.0		0.0

								TC#2
TM9 16QAM		ULA Medium		RML		0.0		15.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		15.6		0.0		0.0		3.9

												MMSE		0.0		19.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		19.5		0.0		0.0

						Rank 3		TC#3
TM3 16QAM		ULA Medium A		RML		0.0		20.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		20.8		0.0		0.0		6.1

												MMSE		0.0		26.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		26.9		0.0		0.0

				scenarios for further evaluation		Rank 2		TS#1 
TM4 64QAM		ULA Medium		RML		0.0		19.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		19.9		0.0		0.0		1.8

												MMSE		0.0		21.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		21.7		0.0		0.0

										ULA Medium A		RML		0.0		13.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		13.7		0.0		0.0		0.6

												MMSE		0.0		14.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		14.4		0.0		0.0

								TS#2
TM9 64QAM		ULA Medium		RML		0.0		22.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		22.0		0.0		0.0		1.7

												MMSE		0.0		23.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		23.7		0.0		0.0

										ULA Medium A		RML		0.0		15.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		15.5		0.0		0.0		0.6

												MMSE		0.0		16.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		16.1		0.0		0.0

						Rank 4		TS#3
TM4 16QAM		XPOL Medium A		RML		0.0		14.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		14.0		0.0		0.0		1.8

												MMSE		0.0		15.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		15.9		0.0		0.0

								TS#4
TM9 16QAM		XPOL Medium A		RML		0.0		16.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		16.9		0.0		0.0		2.5

												MMSE		0.0		19.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		19.4		0.0		0.0

				TDD		Rank		Test scenario		Antenna correlation		Receiver		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9		Average		Span		STD		Gain

				TC for performance requireiments		Rank 2		TC#1-TDD
TM4 16QAM		ULA Medium		RML		0.0		16.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		16.9		0.0		0.0		3.4

												MMSE		0.0		20.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		20.3		0.0		0.0

								TC#2-TDD
TM9 16QAM		ULA Medium		RML		0.0		15.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		15.9		0.0		0.0		4.2

												MMSE		0.0		20.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		20.1		0.0		0.0

						Rank 3		TC#3-TDD
TM3 16QAM		ULA Medium A		RML		0.0		21.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		21.4		0.0		0.0		6.1

												MMSE		0.0		27.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		27.5		0.0		0.0

				Impairement results

				FDD		Rank		Test scenario		Antenna correlation		Receiver		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9		Average		Span		STD

				TC for performance requireiments		Rank 2		TC#1
TM4 16QAM		ULA Medium		RML				18.90																18.90		0.00		0.00

								TC#2
TM9 16QAM		ULA Medium		RML				17.60																17.60		0.00		0.00

						Rank 3		TC#3
TM3 16QAM		ULA Medium A		RML				22.80																22.80		0.00		0.00

				TDD		Rank		Test scenario		Antenna correlation		Receiver		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9		Average		Span		STD

				TC for performance requireiments		Rank 2		TC#1
TM4 16QAM		ULA Medium		RML				18.90																18.90		0.00		0.00

								TC#2
TM9 16QAM		ULA Medium		RML				17.90																17.90		0.00		0.00

						Rank 3		TC#3
TM3 16QAM		ULA Medium A		RML				23.40																23.40		0.00		0.00





TC#1(TM4_16QAM_R2)

		Rank 2 : TM4 16QAM																		Max Tput		23.328

																				Target %		0.85

				RML Receiver

		Antenna correlation		ULA Medium

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.1

				0				0.62

				2				1.96

				4				3.49

				6				5.67

				8				7.58

				10				9.16

				12				11.37

				14				13.69

				16				17.98

				18				22.34

				20				23.29

				22				23.33

				24				23.33

				26				23.33

				28				23.33

				Target SNR		0.0		16.9		0.0		0.0		0.0		0.0		0		0		0

				MMSE Receiver

		Antenna correlation		ULA Medium

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.41

				0				1.46

				2				2.87

				4				4.38

				6				5.77

				8				7.27

				10				8.61

				12				9.93

				14				11.52

				16				13.53

				18				16.06

				20				19.46

				22				21.85

				24				22.95

				26				23.28

				28				23.33

				Target SNR		0.0		20.3		0.0		0.0		0.0		0.0		0		0		0





TC#1(TM4_16QAM_R2)

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



TC#1-TDD

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



TC#2(TM9_16QAM_R2)

		Rank 2 : TM4 16QAM																		Max Tput		8.996

																				Target %		0.85

				RML Receiver

		Antenna correlation		ULA Medium

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.11

				0				0.37

				2				0.84

				4				1.37

				6				2.12

				8				2.80

				10				3.45

				12				4.22

				14				5.33

				16				7.06

				18				8.47

				20				8.96

				22				9.00

				24				9.00

				26				9.00

				28				9.00

				Target SNR		0.0		16.9		0.0		0.0		0.0		0.0		0.0		0.00		0.00

				MMSE Receiver

		Antenna correlation		ULA Medium

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.28

				0				0.65

				2				1.16

				4				1.66

				6				2.17

				8				2.69

				10				3.21

				12				3.67

				14				4.33

				16				5.16

				18				6.15

				20				7.53

				22				8.49

				24				8.88

				26				8.98

				28				8.99

				Target SNR		0.0		20.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0





TC#2(TM9_16QAM_R2)

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



TC#2-TDD

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



TC#3(TM3_16QAM_R3)

		Rank 2 : TM9 16QAM																		Max Tput		20.2224

																				Target %		0.85

				RML Receiver

		Antenna correlation		ULA Medium

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.74

				0				1.81

				2				2.97

				4				4.48

				6				6.1

				8				8.03

				10				10.33

				12				12.66

				14				15.3

				16				17.64

				18				19.16

				20				19.89

				22				20.11

				24				20.19

				26				20.21

				28				20.22

				Target SNR		0.0		15.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				MMSE Receiver

		Antenna correlation		ULA Medium

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				1.17

				0				2.23

				2				3.47

				4				4.82

				6				6.2

				8				7.57

				10				9.15

				12				10.82

				14				12.4

				16				14.19

				18				15.99

				20				17.58

				22				18.63

				24				19.32

				26				19.83

				28				20.07

				Target SNR		0.0		19.5		0.0		0.0		0.0		0.0		0		0		0





TC#3(TM3_16QAM_R3)

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



TC#3-TDD

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



TS#1(TM4_64QAM_R2)

		Rank 2 : TM9 16QAM																		Max Tput		9.58

																				Target %		0.85

				RML Receiver

		Antenna correlation		ULA Medium

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.25

				0				0.71

				2				1.24

				4				1.90

				6				2.63

				8				3.47

				10				4.57

				12				5.66

				14				6.98

				16				8.20

				18				9.00

				20				9.39

				22				9.52

				24				9.56

				26				9.57

				28				9.58

				Target SNR		0.0		15.9		0.0		0.0		0.0		0.0		0.0		0.00		0.00

				MMSE Receiver

		Antenna correlation		ULA Medium

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.42

				0				0.91

				2				1.46

				4				2.05

				6				2.65

				8				3.29

				10				4.00

				12				4.78

				14				5.57

				16				6.45

				18				7.39

				20				8.12

				22				8.73

				24				9.11

				26				9.35

				28				9.50

				Target SNR		0.0		20.1		0.0		0.0		0.0		0.0		0.0		0.0		0.00





TS#1(TM4_64QAM_R2)

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



TS#2(TM9_64QAM_R2)

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



TS#3(TM4_16QAM_R4)

		Rank 3 : TM3 16QAM																		Max Tput		34.17

																				Target %		0.85

				RML Receiver

		Antenna correlation		ULA Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				2				0.12

				4				2.2

				6				7.05

				8				9.34

				10				10.47

				12				13.03

				14				15.91

				16				16

				18				17.04

				20				26.22

				22				33.83

				24				34.17

				26				34.17

				28				34.17

				30				34.17

				32				34.17

				Target SNR		0.0		20.8		0.0		0.0		0.0		0.0		0.00		0.00		0.00

				MMSE Receiver

		Antenna correlation		ULA Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				2				0.78

				4				5.54

				6				8.29

				8				9.91

				10				10.52

				12				12.33

				14				15.7

				16				16

				18				16

				20				16

				22				16.32

				24				19.08

				26				26.56

				28				32.6

				30				34.09

				32				34.17

				Target SNR		0.0		26.9		0.0		0.0		0.0		0.0		0.00		0.00		0.00





TS#3(TM4_16QAM_R4)

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium A



TS#4(TM9_16QAM_R4)

		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medum A



		Rank 3 : TM3 16QAM																		Max Tput		13.405

																				Target %		0.85

				RML Receiver

		Antenna correlation		ULA Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				2				0.37

				4				1.5

				6				2.28

				8				3.17

				10				4.57

				12				5.26

				14				5.43

				16				5.62

				18				6.64

				20				8.95

				22				12.73

				24				13.4

				26				13.4

				28				13.4

				30				13.4

				32				13.4

				Target SNR		0.0		21.4		0.0		0.0		0.0		0.0		0.0		0.00		0.00

				MMSE Receiver

		Antenna correlation		ULA Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				2				1.07

				4				1.98

				6				2.65

				8				3.64

				10				4.98

				12				5.28

				14				5.34

				16				5.46

				18				5.52

				20				5.61

				22				6.35

				24				7.45

				26				9.61

				28				12.03

				30				13.18

				32				13.39

				Target SNR		0.0		27.5		0.0		0.0		0.0		0.0		0.0		0.00		0.00





		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium A



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medum A



		Rank 2 : TM4 64QAM																		Max Tput		33.004

																				Target %		0.85

				RML Receiver

		Antenna correlation		ULA Medium																								ULA Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9						SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				2.16																				-2				2.40

				0				3.57																				0				4.45

				2				5.19																				2				6.97

				4				6.94																				4				9.63

				6				8.77																				6				12.91

				8				10.64																				8				16.14

				10				12.74																				10				20.14

				12				15.19																				12				24.50

				14				18.04																				14				28.63

				16				21.27																				16				31.67

				18				24.75																				18				32.62

				20				28.28																				20				32.95

				22				30.92																				22				33.00

				24				32.25																				24				33.00

				26				32.82																				26				33.00

				28				32.95																				28				33.00

				Target SNR		0.00		19.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0						Target SNR		0.0		13.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				MMSE Receiver

		Antenna correlation		ULA Medium																								ULA Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9						SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				2.57																				-2				2.79

				0				4.18																				0				4.94

				2				5.94																				2				7.36

				4				7.71																				4				10.02

				6				9.46																				6				13.16

				8				11.20																				8				16.19

				10				13.03																				10				19.89

				12				14.95																				12				23.80

				14				17.27																				14				27.50

				16				19.62																				16				30.65

				18				22.49																				18				32.11

				20				25.47																				20				32.73

				22				28.51																				22				32.94

				24				30.80																				24				33.00

				26				32.13																				26				33.00

				28				32.70																				28				33.00

				Target SNR		0.00		21.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0						Target SNR		0.0		14.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0





		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium A



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium A



		Rank 2 : TM9 64QAM																		Max Tput		32.276

																				Target %		0.85

				RML Receiver

		Antenna correlation		ULA Medium																								ULA Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9						SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.33																				-2				0.44

				0				1.07																				0				1.63

				2				2.39																				2				4.07

				4				4.14																				4				6.88

				6				6.03																				6				9.66

				8				7.9																				8				12.75

				10				9.81																				10				16.08

				12				11.97																				12				19.99

				14				14.39																				14				24.31

				16				17.09																				16				28.52

				18				20.27																				18				31.14

				20				23.84																				20				31.95

				22				27.4																				22				32.23

				24				29.94																				24				32.27

				26				31.34																				26				32.28

				28				31.98																				28				32.28

				Target SNR		0.0		22.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						Target SNR		0.0		15.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				MMSE Receiver

		Antenna correlation		ULA Medium																								ULA Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9						SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-2				0.48																				-2				0.62

				0				1.45																				0				2.21

				2				3.05																				2				4.81

				4				5.11																				4				7.43

				6				6.91																				6				10.07

				8				8.67																				8				13

				10				10.31																				10				16.06

				12				12.15																				12				19.61

				14				14.02																				14				23.51

				16				16.12																				16				27.31

				18				18.7																				18				30.29

				20				21.72																				20				31.57

				22				25.04																				22				32.03

				24				27.91																				24				32.24

				26				30.18																				26				32.27

				28				31.36																				28				32.28

				Target SNR		0.0		23.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0						Target SNR		0.0		16.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0





		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium A



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

ULA Medium A



		Rank 4 : TM4 16QAM																		Max Tput		45.314

																				Target %		0.85

				RML Receiver

		Antenna correlation		XPOL Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0				1.97

				2				1.98

				4				7.01

				6				13.67

				8				17.83

				10				22.76

				12				29.34

				14				38.45

				16				44.33

				18				45.3

				20				45.31

				22				45.31

				24				45.31

				26				45.31

				28				45.31

				30				45.31

				Target SNR		0.0		14.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				MMSE Receiver

		Antenna correlation		XPOL Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0				6.49

				2				6.8

				4				11.37

				6				15.17

				8				18.4

				10				22.53

				12				27.58

				14				33.48

				16				38.9

				18				42.38

				20				44.2

				22				45.07

				24				45.29

				26				45.31

				28				45.31

				30				45.31

				Target SNR		0.0		15.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0





		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

XPOL Medium A



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

XPOL Medium A



		Rank 4 : TM9 16QAM																		Max Tput		45.006

																				Target %		0.85

				RML Receiver

		Antenna correlation		XPOL Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0				0.01

				2				0.64

				4				3.11

				6				8.35

				8				13.48

				10				17.1

				12				20.92

				14				26.26

				16				35.04

				18				43

				20				44.94

				22				45.01

				24				45.01

				26				45.01

				28				45.01

				30				45.01

				Target SNR		0.0		16.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				MMSE Receiver

		Antenna correlation		XPOL Medium A

				SNR (dB)		Company 1		Intel		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0				0.37

				2				2.21

				4				6.12

				6				10.77

				8				14.35

				10				17.31

				12				20.34

				14				24.13

				16				29.28

				18				35.07

				20				39.72

				22				42.72

				24				44.31

				26				44.83

				28				44.96

				30				45.01

				Target SNR		0.0		19.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0





		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

XPOL Medium A



		



Company 1

Intel

Company 3

Company 4

Company 5

Company 6

Company 7

Company 8

Company 9

SNR [dB]

Tput [kbps]

XPOL Medium A




