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1. Introduction

In the previous RAN4 meetings the following agreements on the Cat1bis CRS IM test cases and simulation assumptions were made [1-2]:
	RAN4 84 [1]

· Physical channels
· Investigate 1RX CRS-IM feasibility for the following physical channels:

Physical channels
UE categories
Cat1bis
CatM2
PDSCH
· PDSCH TM4 and TM9 can be considered similar to the Rel-14 CRS-IM requirements. 

· FRCs: Rank 1 + QPSK 1/3; Rank 1 + 16QAM 1/2; Rank 1 + 64QAM ½
· TM6 can be considered at the initial stage. FFS if TM9 and TM2 requirements are needed. 
· FRCs: QPSK 1/3; 16QAM 1/2
· Focus on CE mode A
· Single repetition level as the starting point. FFS for other repetition levels.
· Frequency hopping is FFS

· Reuse TS 36.101 test case 8.11.1.1.1.1 as the starting point
DL control channels

· PDCCH AL 2, 4, 8
· CFI = 1 or 2 
· Focus on CE mode A
· Single repetition level as the starting point. FFS for other repetition levels.
· CRS scenarios
· 2 and 4 CRS APs

· Non-colliding CRS dominant interferer and Colliding CRS 2nd dominant interferer (Cell ID pattern (S, I1, I2) = (0,1,6))

· Interference models
· PDSCH: Reuse Rel-13/14 CRS-IM interference model with per-TTI interference presence modelling. Further evaluate performance for the case of 0%, 10%, 20% and 30% RU.

· MPDCCH: Same model as for PDSCH.

· PDCCH: Reuse Rel-13 CCIM interference model and power profiles.
RAN4 84bis [2]

Cat1bis Performance Requirements

· Test cases for 1RX CRS-IM Cat1bis performance requirements

· PDSCH 

· Test #1: 

· TM4, 4 CRS APs, 24 PRBs, MIMO Rank 1

· MCS: 

· Option 1: 64QAM (MCS20)

· Option 2: 16QAM (MCS12)

· Interference loading: FFS between [10, 20, 30]%
· Test #2:

· TM9, 2 CRS APs, 24 PRBs, MIMO Rank 1

· MCS: 

· Option 1: 64QAM (MCS20)

· Option 2: QPSK (MCS9)

· Interference loading: FFS between [10, 20, 30]%
· PDCCH 

· Test #1: PDCCH AL2, 2 CRS APs, CFI = 1

· Test #2: PDCCH AL4, 4 CRS APs, CFI = 2


In this paper we provide further link level simulation results for Cat1bis UEs with CRS-IM.
2. PDSCH simulation results

In this section we provide the PDSCH link level simulation results under the following assumptions:

· Test #1: TM4, 4 CRS APs, Rank 1, 16QAM and 64QAM
· Test #2: TM9, 2 CRS APs, Rank 1, QPSK and 64QAM
· Interference profile and loading:

· Scenario 1: Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB (Set 10 in [3]) (Figure 1)
· Scenario 2: Loading 20%, INR1 = 10.45 dB, INR2 = 4.57 dB (Set 10 in [3]) (Figure 2)
· Scenario 3: Loading 30%, INR1 = 9.69 dB, INR2 = 3.69 dB (Set 10 in [3]) (Figure 3)
	Test #1 (TM4, 4 CRS APs) / 16QAM
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	Test #2 (TM9, 2 CRS APs) / QPSK
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	Test #1 (TM4, 4 CRS APs) / 64QAM
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	Test #2 (TM9, 2 CRS APs) / 64QAM
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	Figure 1. PDSCH simulation results – Scenario #1: Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB


	Test #1 (TM4, 4 CRS APs) / 16QAM
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	Test #2 (TM9, 2 CRS APs) / QPSK
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	Test #1 (TM4, 4 CRS APs) / 64QAM
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	Test #2 (TM9, 2 CRS APs) / 64QAM
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	Figure 2. PDSCH simulation results – Scenario #2: Loading 20%, INR1 = 10.45 dB, INR2 = 4.57 dB


	Test #1 (TM4, 4 CRS APs) / 16QAM
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	Test #2 (TM9, 2 CRS APs) / QPSK
[image: image10.emf]-15 -10 -5 0 5

SINR, dB

0

0.5

1

1.5

2

2.5

3

3.5

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM9, EPA-5Hz, 2 CRS APs, Loading 30%, QPSK

LMMSE-MRC

CRS-IM



	Test #1 (TM4, 4 CRS APs) / 64QAM
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	Test #2 (TM9, 2 CRS APs) / 64QAM
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	Figure 3. PDSCH simulation results – Scenario #3: Loading 30%, INR1 = 9.69 dB, INR2 = 3.69 dB


The simulation results for TM4 and TM9 cases are summarized in Table 1 and 2, respectively. In green, we highlight the scenarios which are feasible in terms of performance gains testability (>1.5 dB) and ensure testable SINR range (SINR > -4 dB; under assumption that impairments margin and common margin will be further added the final SINR for requirements definition will be above -3dB).
Table 1. TM4 PDSCH simulation results summary (CRS-IM vs LMMSE-MRC gain)
	Scenario
	CRS-IM vs LMMSE-MRC gain @ 70% Max T-put, dB
	CRS-IM SINR @ 70% Max T-put, dB

	
	16QAM
	64QAM
	16QAM
	64QAM

	#1: Loading 10%
	2.7
	3.1
	-7.8
	-1.3

	#2: Loading 20%
	1.6
	1.9
	-5.2
	1.6

	#3: Loading 30%
	1.2
	1.2
	-3.6
	3.2


Table 2. TM9 PDSCH simulation results summary (CRS-IM vs LMMSE-MRC gain)
	Scenario
	CRS-IM vs LMMSE-MRC gain @ 70% Max T-put, dB
	CRS-IM SINR @ 70% Max T-put, dB

	
	QPSK
	64QAM
	QPSK
	64QAM

	#1: Loading 10%
	2.5
	2.4
	-3.7
	5.4

	#2: Loading 20%
	1.4
	1.4
	-1.2
	7.9

	#3: Loading 30%
	1.0
	0.9
	0.3
	9.5


Observation #1 (PDSCH):
· CRS-IM receivers provide substantial PDSCH performance improvement over MRC receivers for all investigated scenarios. The gains vary from 0.9 dB to 3.1 dB.
· Taking into account testable performance improvement (≥1.5dB) and acceptable SINR operating point (>-4dB) the following test cases can be considered for Cat 1bis requirements definition:

· TM 4:

· Scenario #2 (10% loading), {64QAM}

· Scenario #3 (20% loading), {64QAM}

· TM 9:

· Scenario #2 (10% loading), {QPSK, 64QAM}
3. PDCCH simulation results
In this section we provide the PDCCH link level simulation results under the following assumptions:
· CRS AP configuration

· Test #1: PDCCH AL2, 2 CRS APs, CFI = 1
· Test #2: PDCCH AL4, 4 CRS APs, CFI = 2

· Interference profile: Loading 50%, INR1 = 13.91 dB, INR2 = 3.34dB

	Test #1: AL2, 2 CRS APs, CFI = 1
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	Test #2: AL4, 4 CRS APs, CFI = 2
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	Figure 4. PDCCH simulation results 


Observation #2 (PDCCH):

· For Test #1: Gain = 3.1 dB, SINR@1% = 4.3 dB

· For Test #2: Gain = 2.5 dB, SINR@1% = -0.1 dB
4. Conclusions

In this contribution we provided PDSCH and PDCCH simulation results for Cat1bis UEs. The following observations were made:

Observation #1 (PDSCH):

· CRS-IM receivers provide substantial PDSCH performance improvement over MRC receivers for all investigated scenarios. The gains vary from 0.9 dB to 3.1 dB.

· Taking into account testable performance improvement (≥1.5dB) and acceptable SINR operating point (>-4dB) the following test cases can be considered for Cat 1bis requirements definition:

· TM 4:

· Scenario #2 (10% loading), {64QAM}

· Scenario #3 (20% loading), {64QAM}

· TM 9:

· Scenario #2 (10% loading), {QPSK, 64QAM}

Observation #2 (PDCCH):

· For Test #1: Gain = 3.1 dB, SINR@1% = 4.3 dB

· For Test #2: Gain = 2.5 dB, SINR@1% = -0.1 dB

The simulation results are also provided in the attached Excel spreadsheets:

[image: image15.emf]PDSCH sim results  Cat1bis.xlsx

  
[image: image16.emf]PDCCH sim results  Cat1bis.xlsx
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Simulation assumptions

		Cat 1bis PDSCH Test #1 (TM4 + 4 CRS APs)

		Parameter						Unit		Cell 1		Cell 2		Cell 3

		Downlink power allocation						dB		-6		-6		-6

								dB		-6 (Note 1)		-6 (Note 1)		-6 (Note 1)

						s		dB		3		3		3

		         at antenna port						dBm/15kHz		-98		N/A		N/A

								dB		TBD		10.45		4.6

		BWChannel						MHz		10		10		10

		Cyclic prefix								Normal		Normal		Normal

		Subframe Configuration								Non-MBSFN		Non-MBSFN		Non-MBSFN

		Cell ID								0		1		6

		Cell-specific reference signals								Antenna ports 0,1,2,3

		Number of control OFDM symbols (CFI)								2		2		2

		PDSCH transmission mode								4		N/A		N/A

		Precoding granularity						PRB		50		N/A		N/A

		PMI delay (Note 2)						ms		8		N/A		N/A

		Reporting interval						ms		1		N/A		N/A

		Reporting mode								PUSCH 3-1		N/A		N/A

		CodeBookSubsetRestriction bitmap								000000000000FFFF		N/A		N/A

		Time Offset relative to Cell 1						ms		N/A		3		-1

		Frequency shift relative to Cell 1						Hz		N/A		300		-100

		Interference model								N/A		As specified in clause B.5.3		As specified in clause B.5.3

		Probability of occurrence of transmission in interference cells						%		N/A		[10, 20, 30]		[10, 20, 30]

		Probability of occurrence of transmission rank in interfering cells		Rank 1				%		N/A		80		80

				Rank 2				%		N/A		20		20

		Note 1: 



		Note 2: If the UE reports in an available uplink reporting instance at subrame SF #n based on PMI estimation at a downlink SF not later than SF #(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).

		Cat 1bis PDSCH Test #2 (TM9 + 2 CRS APs)

		Parameter						Unit		Cell 1		Cell 2		Cell 3

		Downlink power allocation						dB		0		0		0

								dB		0 (Note 1)		0 (Note 1)		0 (Note 1)

						s		dB		-3		-3		-3

		         at antenna port						dBm/15kHz		-98		N/A		N/A

								dB		TBD		11.75		5.69

		BWChannel						MHz		10		10		10

		Subframe Configuration								Non-MBSFN		Non-MBSFN		Non-MBSFN

		Time Offset to Cell 1						ms		N/A		3		-1

		Frequency shift to Cell 1						Hz		N/A		300		-100

		Cell Id								0		1		128

		Cell-specific reference signals								Antenna ports 0,1

		CSI reference signals								Antenna ports 15,16		N/A		N/A

		CSI-RS periodicity and subframe offset						Subframes		5 / 2		N/A		N/A

		TCSI-RS / ∆CSI-RS

		CSI reference signal configuration								8		N/A		N/A

		Zero-power CSI-RS configuration						Subframes / bitmap		3 /		N/A		N/A

		ICSI-RS /       ZeroPowerCSI-RS bitmap 								10000000000000

		Number of control OFDM symbols								2		2		2

		PDSCH transmission mode								TM9 1 layer		N/A		N/A

		Precoding granularity								Frequency domain: 1 PRG		N/A		N/A

										Time domain: 1 ms

		Beamforming model								Annex B.4.1		N/A		N/A

		Interference model								N/A		As specified in clause B.5.4		As specified in clause B.5.4

		Probability of occurrence of transmission in interference cells						%		N/A		10		10

		Probability of occurrence of transmission rank in interfering cells				Rank 1		%		N/A		80		80

						Rank 2		%		N/A		20		20

		Cyclic prefix								Normal		Normal		Normal

		Note 1: 

		Note 2: If the UE reports in an available uplink reporting instance at subrame SF #n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).

		Note 3: The number of the CRS ports in Cell 1, Cell 2 and Cell 3 is the same.

		Note 4: SIB-1 will not be transmitted in Cell 2 and Cell 3 in this test.

		Note 5: The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.





FRCs

		Cat 1bis PDSCH Test #1 (TM4 + 4 CRS APs)

		Parameter		Unit		Value

		Reference channel				R.X		R.Y

		Channel bandwidth		MHz		10		10

		Allocated resource blocks				24		24

		Allocated number of PDCCH symbols				2		2

		Allocated subframes per Radio Frame				9		9

		Modulation				64QAM		16QAM

		Target Coding Rate				0.52		0.39

		Information Bit Payload

		For Sub-Frames 1,2,3,4,6,7,8,9		Bits 		9528		4776

		For Sub-Frame 5		Bits 		n/a		n/a

		For Sub-Frame 0		Bits 		9528		4776

		Number of Code Blocks

		For Sub-Frames 1,2,3,4,6,7,8,9		Bits 		2		1

		For Sub-Frame 5		Bits 		n/a		n/a

		For Sub-Frame 0		Bits 		2		1

		Binary Channel Bits

		For Sub-Frames 1,2,3,4,6,7,8,9		Bits 		18432		12288

		For Sub-Frame 5		Bits 		n/a		n/a

		For Sub-Frame 0		Bits 		18432		12288

		Max. Throughput averaged over 1 frame		Mbps		8.575		4.298

		UE Category				1bis		1bis

		Cat 1bis PDSCH Test #2 (TM9 + 2 CRS APs)

		Parameter		Unit		Value

		Reference channel				R.Z		R.W

		Channel bandwidth		MHz		10		10

		Allocated resource blocks				24		24

		Allocated subframes per Radio Frame				9		9

		Modulation				64QAM		QPSK

		Target Coding Rate				0.56		0.66

		Information Bit Payload

		For Sub-Frames 1,4,6,9		Bits 		9528		3752

		For Sub-Frames 2,3,7,8		Bits 		9528		3752

		For Sub-Frame 5		Bits 		n/a		n/a

		For Sub-Frame 0		Bits 		9528		3752

		Number of Code Blocks

		For Sub-Frames 1,4,6,9		Bits 		2		1

		For Sub-Frames 2,3,7,8		Bits 		2		1

		For Sub-Frame 5		Bits 		n/a		n/a

		For Sub-Frame 0		Bits 		2		1

		Binary Channel Bits

		For Sub-Frames 1,4,6,9		Bits 		17280		5760

		For Sub-Frames 2,7		Bits 		16992		5664

		For Sub-Frames 3,8		Bits 		16704		5568

		For Sub-Frame 5		Bits 		n/a		n/a

		For Sub-Frame 0		Bits 		17280		5760

		Max. Throughput averaged over 1 frame		Mbps		8.575		3.377

		UE Category				1bis		1bis





Alignment

		TM4 PDSCH simulation results summary

		Loading		INR1		INR2		FRC		Intel				Company 2				Company 3				Company 4				Company 5				Company 6				Company 7				Company 8				Company 9				SPAN				AVERAGE SNR				AVERAGE SINR				Gain over MMSE

										MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		CRS-IM

		10%		11.75		5.76		R.X		14.8		11.6																																		0.0		0.0		14.8		11.6		1.8		-1.3		3.1

								R.Y		7.8		5.1																																		0.0		0.0		7.8		5.1		-5.2		-7.8		2.7

		20%		10.45		4.57		R.X		15.2		13.3																																		0.0		0.0		15.2		13.3		3.4		1.6		1.9

								R.Y		8.2		6.6																																		0.0		0.0		8.2		6.6		-3.6		-5.2		1.6

		30%		9.69		3.69		R.X		15.4		14.3																																		0.0		0.0		15.4		14.3		4.4		3.2		1.2

								R.Y		8.6		7.4																																		0.0		0.0		8.6		7.4		-2.4		-3.6		1.2

		TM9 PDSCH simulation results summary

		Loading		INR1		INR2		FRC		Intel				Company 2				Company 3				Company 4				Company 5				Company 6				Company 7				Company 8				Company 9				SPAN				AVERAGE SNR				AVERAGE SINR				Gain over MMSE

										MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		MMSE		CRS-IM		CRS-IM

		10%		11.75		5.76		R.Z		20.7		18.3																																		0.0		0.0		20.7		18.3		7.7		5.4		2.4

								R.W		11.8		9.3																																		0.0		0.0		11.8		9.3		-1.1		-3.7		2.5

		20%		10.45		4.57		R.Z		21.1		19.7																																		0.0		0.0		21.1		19.7		9.4		7.9		1.4

								R.W		12.0		10.6																																		0.0		0.0		12.0		10.6		0.2		-1.2		1.4

		30%		9.69		3.69		R.Z		21.4		20.5																																		0.0		0.0		21.4		20.5		10.4		9.5		0.9

								R.W		12.3		11.3																																		0.0		0.0		12.3		11.3		1.3		0.3		1.0





TM4 Loading 10

				Test case 1 - TM4, 4 CRS APs, Loading 10%, 64QAM (R.X)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0.0		0.1																						0.0		0.7

				2.0		0.4																						2.0		1.3

				4.0		0.8																						4.0		2.1

				6.0		1.5																						6.0		3.1

				8.0		2.4																						8.0		4.1

				10.0		3.4																						10.0		5.2

				12.0		4.5																						12.0		6.2

				14.0		5.6																						14.0		6.8

				16.0		6.6																						16.0		7.3

				18.0		7.3																						18.0		7.8

				20.0		7.8																						20.0		8.1

				22.0		8.2																						22.0		8.3

				24.0		8.4																						24.0		8.4













				SNR @ 
70% max T-Put		14.8																						SNR @ 
70% max T-Put		11.6																

				6.00																								6.00

				Test case 1 - TM4, 4 CRS APs, Loading 10%, 16QAM (R.Y)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.1																						-4.0		0.4

				-2.0		0.3																						-2.0		0.9

				0.0		0.6																						0.0		1.5

				2.0		1.2																						2.0		2.2

				4.0		1.8																						4.0		2.8

				6.0		2.5																						6.0		3.2

				8.0		3.1																						8.0		3.5

				10.0		3.5																						10.0		3.8

				12.0		3.8																						12.0		4.0

				14.0		4.0																						14.0		4.1

				16.0		4.2																						16.0		4.2

				18.0		4.2																						18.0		4.3

				20.0		4.3																						20.0		4.3













				SNR @ 
70% max T-Put		7.8																						SNR @ 
70% max T-Put		5.1																

				3.01																								3.01



TM4, Loading 10%, 64QAM

LMMSE-MRC  receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	9.0515999999999999E-2	0.37400099999999997	0.831318	1.5260899999999999	2.4224899999999998	3.44693	4.5412800000000004	5.6499100000000002	6.6172000000000004	7.3202699999999998	7.8308200000000001	8.1753300000000007	8.3858300000000003	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 10%, 64QAM

CRS-IM receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0.68363399999999996	1.3466499999999999	2.12832	3.0613600000000001	4.0863199999999997	5.2117199999999997	6.1943900000000003	6.8196000000000003	7.3103600000000002	7.7597699999999996	8.0952300000000008	8.3059700000000003	8.4263300000000001	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 10%, 16QAM

LMMSE-MRC  receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	6.3879000000000005E-2	0.27000600000000002	0.609537	1.1507799999999999	1.8122799999999999	2.4805000000000001	3.0745499999999999	3.50318	3.8172199999999998	4.0321100000000003	4.1682499999999996	4.2410100000000002	4.2733299999999996	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 10%, 16QAM

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	0.42088999999999999	0.93047000000000002	1.4901	2.1539999999999999	2.7688999999999999	3.2084000000000001	3.5486	3.8102999999999998	3.9998999999999998	4.125	4.2058999999999997	4.2541000000000002	4.2769000000000004	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]





TM4 Loading 20

				Test case 1 - TM4, 4 CRS APs, Loading 20%, 64QAM (R.X)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0.0		0.1																						0.0		0.5

				2.0		0.4																						2.0		1.1

				4.0		0.8																						4.0		1.8

				6.0		1.6																						6.0		2.7

				8.0		2.5																						8.0		3.6

				10.0		3.5																						10.0		4.6

				12.0		4.5																						12.0		5.5

				14.0		5.5																						14.0		6.3

				16.0		6.4																						16.0		6.9

				18.0		7.2																						18.0		7.5

				20.0		7.8																						20.0		7.9

				22.0		8.1																						22.0		8.2

				24.0		8.4																						24.0		8.4













				SNR @ 
70% max T-Put		15.2																						SNR @ 
70% max T-Put		13.3																

				6.00																								6.00

				Test case 1 - TM4, 4 CRS APs, Loading 20%, 16QAM (R.Y)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.1																						-4.0		0.3

				-2.0		0.3																						-2.0		0.8

				0.0		0.6																						0.0		1.3

				2.0		1.2																						2.0		1.9

				4.0		1.8																						4.0		2.4

				6.0		2.4																						6.0		2.9

				8.0		3.0																						8.0		3.3

				10.0		3.4																						10.0		3.6

				12.0		3.8																						12.0		3.9

				14.0		4.0																						14.0		4.1

				16.0		4.2																						16.0		4.2

				18.0		4.2																						18.0		4.2

				20.0		4.3																						20.0		4.3













				SNR @ 
70% max T-Put		8.2																						SNR @ 
70% max T-Put		6.6																

				3.01																								3.01



TM4, Loading 20%, 64QAM

LMMSE-MRC  receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0.110763	0.36910199999999999	0.825125	1.5771999999999999	2.5344500000000001	3.5043899999999999	4.4996	5.4896599999999998	6.3944799999999997	7.1712400000000001	7.7617500000000001	8.1431900000000006	8.3715399999999995	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 20%, 64QAM

CRS-IM receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0.48235499999999998	1.0742	1.78888	2.6678999999999999	3.6325500000000002	4.6188399999999996	5.5333899999999998	6.26274	6.8923199999999998	7.4842500000000003	7.9439700000000002	8.2410499999999995	8.4215599999999995	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 20%, 16QAM

LMMSE-MRC  receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	7.7012999999999998E-2	0.28083999999999998	0.6169	1.1583600000000001	1.8083100000000001	2.41927	2.9712700000000001	3.4185300000000001	3.7616999999999998	4.0014399999999997	4.1545199999999998	4.2344099999999996	4.2697399999999996	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 20%, 16QAM

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	0.329544	0.76929700000000001	1.2656400000000001	1.8604799999999999	2.4417300000000002	2.9036	3.29365	3.6293500000000001	3.8888600000000002	4.0694299999999997	4.1855700000000002	4.2479300000000002	4.2757100000000001	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]





TM4 Loading 30

				Test case 1 - TM4, 4 CRS APs, Loading 20%, 64QAM (R.X)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				0.0		0.1																						0.0		0.4

				2.0		0.4																						2.0		0.9

				4.0		0.8																						4.0		1.5

				6.0		1.6																						6.0		2.4

				8.0		2.5																						8.0		3.3

				10.0		3.4																						10.0		4.2

				12.0		4.4																						12.0		5.1

				14.0		5.4																						14.0		5.9

				16.0		6.3																						16.0		6.7

				18.0		7.1																						18.0		7.4

				20.0		7.7																						20.0		7.9

				22.0		8.1																						22.0		8.2

				24.0		8.4																						24.0		8.4













				SNR @ 
70% max T-Put		15.4																						SNR @ 
70% max T-Put		14.3																

				6.00																								6.00

				Test case 1 - TM4, 4 CRS APs, Loading 20%, 16QAM (R.Y)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.1																						-4.0		0.3

				-2.0		0.3																						-2.0		0.6

				0.0		0.6																						0.0		1.1

				2.0		1.1																						2.0		1.6

				4.0		1.7																						4.0		2.2

				6.0		2.3																						6.0		2.7

				8.0		2.9																						8.0		3.1

				10.0		3.3																						10.0		3.5

				12.0		3.7																						12.0		3.8

				14.0		4.0																						14.0		4.1

				16.0		4.2																						16.0		4.2

				18.0		4.2																						18.0		4.2

				20.0		4.3																						20.0		4.3













				SNR @ 
70% max T-Put		8.6																						SNR @ 
70% max T-Put		7.4																

				3.01																								3.01



TM4, Loading 30%, 64QAM

LMMSE-MRC  receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0.10123500000000001	0.36286800000000002	0.81555100000000003	1.55453	2.4856199999999999	3.41005	4.3662099999999997	5.3537499999999998	6.2777599999999998	7.0889800000000003	7.7164900000000003	8.1267099999999992	8.3786900000000006	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 30%, 64QAM

CRS-IM receiver

Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0.35372700000000001	0.87312900000000004	1.5280499999999999	2.3707099999999999	3.3062200000000002	4.2180099999999996	5.0998599999999996	5.9138299999999999	6.6553100000000001	7.35304	7.8891799999999996	8.2194199999999995	8.4072700000000005	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 7	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 8	0	2	4	6	8	10	12	14	16	18	20	22	24	Company 9	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 30%, 16QAM

LMMSE-MRC  receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	7.8206999999999999E-2	0.29320299999999999	0.62656599999999996	1.1379900000000001	1.7462200000000001	2.3291599999999999	2.8733599999999999	3.34768	3.7222900000000001	3.9843000000000002	4.1509400000000003	4.2347700000000001	4.2715399999999999	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]



TM4, Loading 30%, 16QAM

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	0.25133699999999998	0.63471100000000003	1.0865400000000001	1.64534	2.2178599999999999	2.7058	3.1396199999999999	3.53525	3.8452799999999998	4.0527300000000004	4.1831800000000001	4.2495599999999998	4.2786999999999997	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]





TM9 Loading 10

				Test case 2 - TM9, 4 CRS APs, Loading 10%, 64QAM (R.Z)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				4.0		0.2																						4.0		0.7

				6.0		0.5																						6.0		1.2

				8.0		1.0																						8.0		1.9

				10.0		1.5																						10.0		2.6

				12.0		2.3																						12.0		3.5

				14.0		3.1																						14.0		4.4

				16.0		4.0																						16.0		5.2

				18.0		4.9																						18.0		5.9

				20.0		5.8																						20.0		6.5

				22.0		6.5																						22.0		7.0

				24.0		7.0																						24.0		7.5

				26.0		7.5																						26.0		7.8

				28.0		7.8																						28.0		8.0













				SNR @ 
70% max T-Put		20.7																						SNR @ 
70% max T-Put		18.3																

				6.00																								6.00

				Test case 1 - TM9, 4 CRS APs, Loading 10%, QPSK (R.W)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.1																						-4.0		0.2

				-2.0		0.2																						-2.0		0.5

				0.0		0.4																						0.0		0.7

				2.0		0.6																						2.0		1.1

				4.0		1.0																						4.0		1.5

				6.0		1.3																						6.0		1.9

				8.0		1.7																						8.0		2.2

				10.0		2.1																						10.0		2.5

				12.0		2.4																						12.0		2.7

				14.0		2.7																						14.0		2.9

				16.0		2.9																						16.0		3.0

				18.0		3.0																						18.0		3.2

				20.0		3.2																						20.0		3.2













				SNR @ 
70% max T-Put		11.8																						SNR @ 
70% max T-Put		9.3																

				2.36																								2.36



TM9, Loading 10%, 64QAM

LMMSE-MRC  receiver

Intel	4	6	8	10	12	14	16	18	20	22	24	26	28	0.22628999999999999	0.52812400000000004	0.95637300000000003	1.5454000000000001	2.27719	3.1307900000000002	4.04345	4.9445300000000003	5.77278	6.4617199999999997	7.0304700000000002	7.48001	7.8272500000000003	Company 2	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 3	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 4	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 5	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 6	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 7	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 8	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 9	4	6	8	10	12	14	16	18	20	22	24	26	28	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 10%, 64QAM

CRS-IM receiver

Intel	4	6	8	10	12	14	16	18	20	22	24	26	28	0.67291500000000004	1.2251399999999999	1.8686799999999999	2.6248100000000001	3.4574699999999998	4.3613	5.21896	5.9100900000000003	6.5040500000000003	7.03301	7.4616199999999999	7.7793000000000001	8.0082799999999992	Company 2	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 3	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 4	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 5	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 6	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 7	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 8	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 9	4	6	8	10	12	14	16	18	20	22	24	26	28	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 10%, QPSK

LMMSE-MRC  receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	7.6447000000000001E-2	0.19293099999999999	0.37285499999999999	0.64018299999999995	0.975051	1.3441099999999999	1.7235799999999999	2.0789399999999998	2.3970600000000002	2.6625399999999999	2.8763800000000002	3.0380199999999999	3.1563699999999999	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 10%, QPSK

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	0.223244	0.46094200000000002	0.74617900000000004	1.0966100000000001	1.47641	1.8565199999999999	2.2000799999999998	2.4644499999999998	2.6850299999999998	2.8780100000000002	3.03349	3.1502300000000001	3.23516	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]





TM9 Loading 20

				Test case 2 - TM9, 4 CRS APs, Loading 20%, 64QAM (R.Z)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				4.0		0.2																						4.0		0.6

				6.0		0.6																						6.0		1.1

				8.0		1.0																						8.0		1.7

				10.0		1.6																						10.0		2.4

				12.0		2.3																						12.0		3.1

				14.0		3.1																						14.0		3.9

				16.0		4.0																						16.0		4.7

				18.0		4.8																						18.0		5.5

				20.0		5.6																						20.0		6.1

				22.0		6.3																						22.0		6.7

				24.0		6.9																						24.0		7.2

				26.0		7.4																						26.0		7.6

				28.0		7.8																						28.0		7.9













				SNR @ 
70% max T-Put		21.1																						SNR @ 
70% max T-Put		19.7																

				6.00																								6.00

				Test case 1 - TM9, 4 CRS APs, Loading 20%, QPSK (R.W)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.1																						-4.0		0.2

				-2.0		0.2																						-2.0		0.4

				0.0		0.4																						0.0		0.6

				2.0		0.6																						2.0		1.0

				4.0		1.0																						4.0		1.3

				6.0		1.3																						6.0		1.7

				8.0		1.7																						8.0		2.0

				10.0		2.1																						10.0		2.3

				12.0		2.4																						12.0		2.6

				14.0		2.6																						14.0		2.8

				16.0		2.9																						16.0		3.0

				18.0		3.0																						18.0		3.1

				20.0		3.2																						20.0		3.2













				SNR @ 
70% max T-Put		12.0																						SNR @ 
70% max T-Put		10.6																

				2.36																								2.36



TM9, Loading 20%, 64QAM

LMMSE-MRC  receiver

Intel	4	6	8	10	12	14	16	18	20	22	24	26	28	0.23939099999999999	0.55804100000000001	0.99567600000000001	1.58287	2.3010100000000002	3.1348099999999999	4.0136700000000003	4.84816	5.6274699999999998	6.3280700000000003	6.9292400000000001	7.4130900000000004	7.7998599999999998	Company 2	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 3	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 4	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 5	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 6	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 7	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 8	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 9	4	6	8	10	12	14	16	18	20	22	24	26	28	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 20%, 64QAM

CRS-IM receiver

Intel	4	6	8	10	12	14	16	18	20	22	24	26	28	0.57882599999999995	1.06928	1.6554899999999999	2.3664800000000001	3.149	3.9483700000000002	4.7330300000000003	5.4567300000000003	6.1193600000000004	6.7256099999999996	7.2317499999999999	7.6139400000000004	7.8987100000000003	Company 2	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 3	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 4	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 5	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 6	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 7	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 8	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 9	4	6	8	10	12	14	16	18	20	22	24	26	28	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 20%, QPSK

LMMSE-MRC  receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	7.6447000000000001E-2	0.195352	0.37426199999999998	0.63427100000000003	0.95863600000000004	1.3206500000000001	1.6959	2.0514999999999999	2.3712599999999999	2.6358199999999998	2.8519899999999998	3.0212699999999999	3.1502699999999999	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 20%, QPSK

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	0.18197199999999999	0.38351099999999999	0.63690199999999997	0.96251900000000001	1.3225800000000001	1.6743300000000001	2.0063800000000001	2.29617	2.5504199999999999	2.7727900000000001	2.9546999999999999	3.0930499999999999	3.19577	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]





TM9 Loading 30

				Test case 2 - TM9, 4 CRS APs, Loading 30%, 64QAM (R.Z)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				4.0		0.2																						4.0		0.5

				6.0		0.5																						6.0		0.9

				8.0		1.0																						8.0		1.5

				10.0		1.5																						10.0		2.1

				12.0		2.2																						12.0		2.8

				14.0		3.0																						14.0		3.6

				16.0		3.8																						16.0		4.4

				18.0		4.7																						18.0		5.2

				20.0		5.5																						20.0		5.9

				22.0		6.2																						22.0		6.5

				24.0		6.9																						24.0		7.1

				26.0		7.4																						26.0		7.5

				28.0		7.7																						28.0		7.8













				SNR @ 
70% max T-Put		21.4																						SNR @ 
70% max T-Put		20.5																

				6.00																								6.00

				Test case 1 - TM9, 4 CRS APs, Loading 30%, QPSK (R.W)

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM receiver

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				-4.0		0.1																						-4.0		0.1

				-2.0		0.2																						-2.0		0.3

				0.0		0.3																						0.0		0.6

				2.0		0.6																						2.0		0.8

				4.0		0.9																						4.0		1.2

				6.0		1.3																						6.0		1.5

				8.0		1.6																						8.0		1.9

				10.0		2.0																						10.0		2.2

				12.0		2.3																						12.0		2.5

				14.0		2.6																						14.0		2.7

				16.0		2.8																						16.0		2.9

				18.0		3.0																						18.0		3.1

				20.0		3.1																						20.0		3.2













				SNR @ 
70% max T-Put		12.3																						SNR @ 
70% max T-Put		11.3																

				2.36																								2.36



TM9, Loading 30%, 64QAM

LMMSE-MRC  receiver

Intel	4	6	8	10	12	14	16	18	20	22	24	26	28	0.221526	0.54478499999999996	0.97185600000000005	1.5235099999999999	2.1938200000000001	2.9876499999999999	3.8445499999999999	4.6966400000000004	5.50718	6.2344799999999996	6.85778	7.3552600000000004	7.7498399999999998	Company 2	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 3	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 4	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 5	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 6	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 7	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 8	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 9	4	6	8	10	12	14	16	18	20	22	24	26	28	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 30%, 64QAM

CRS-IM receiver

Intel	4	6	8	10	12	14	16	18	20	22	24	26	28	0.472827	0.93400799999999995	1.47803	2.1223700000000001	2.8417300000000001	3.61835	4.4066999999999998	5.1546799999999999	5.8549600000000002	6.5030700000000001	7.0566800000000001	7.4880300000000002	7.8224900000000002	Company 2	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 3	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 4	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 5	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 6	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 7	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 8	4	6	8	10	12	14	16	18	20	22	24	26	28	Company 9	4	6	8	10	12	14	16	18	20	22	24	26	28	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 30%, QPSK

LMMSE-MRC  receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	6.7535999999999999E-2	0.17839099999999999	0.34940500000000002	0.60323400000000005	0.92111600000000005	1.26797	1.63212	1.9951000000000001	2.3271799999999998	2.5997699999999999	2.8238500000000002	3.0013899999999998	3.13855	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]



TM9, Loading 30%, QPSK

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	18	20	0.14585899999999999	0.32606000000000002	0.55388899999999996	0.84353199999999995	1.17438	1.52542	1.8727199999999999	2.1867000000000001	2.4669400000000001	2.7101299999999999	2.9092099999999999	3.0607000000000002	3.1732499999999999	Company 2	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 3	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 4	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 5	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	18	20	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	18	20	SNR, [dB]



Throughput, [Mbps]
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SImulation assumptions

		Cat 1bis PDCCH Test #1 (2 CRS APs + PDCCH AL2)

		Parameter				Unit		Cell 1		Cell 2		Cell 3

		Downlink power allocation		PDCCH_RA
OCNG_RA		dB		-3		-3		-3

				PHICH_RA		dB		-3		N/A		N/A

				PCFICH_RB
PDCCH_RB
OCNG_RB 		dB		-3		-3		-3

				PHICH_RB		dB		-3		N/A		N/A

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

		at antenna port				dBm/15kHz		-98

						dB		N/A		13.91		3.34

		BWChannel				MHz		10		10		10

		Cyclic Prefix						Normal		Normal		Normal

		Cell Id						0		1		6

		Subframe Configuration						Non-MBSFN		Non-MBSFN		Non-MBSFN

		Number of DL control region OFDM symbols						1		1		1

		CFI indicated in PCFICH						1		1		1

		PHICH Ng						1 / 6		N/A		N/A

		PHICH duration						Normal		N/A		N/A

		PDSCH TM						4		N/A		N/A

		Interference model						NA		As specified in clause B.7.1		As specified in clause B.7.1

		Unused RE-s and PRB-s (Note 1)						OCNG		OCNG 		OCNG

		Time Offset relative to Cell 1				ms		N/A		2		3

		Frequency shift relative to Cell 1				Hz		N/A		200		300

		Note 1: According to Clause 6.9 in TS 36.211 [4].

		Note 2: For Cell 2 and Cell 3 unused RE-s and PRB-s do not include control region REs.

		Cat 1bis PDCCH Test #1 (4 CRS APs + PDCCH AL4)

		Parameter				Unit		Cell 1		Cell 2		Cell 3

		Downlink power allocation		PDCCH_RA
OCNG_RA		dB		-3		-3		-3

				PHICH_RA		dB		-3		N/A		N/A

				PCFICH_RB
PDCCH_RB
OCNG_RB 		dB		-3		-3		-3

				PHICH_RB		dB		-3		N/A		N/A

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

		at antenna port				dBm/15kHz		-98

						dB		N/A		13.91		3.34

		BWChannel				MHz		10		10		10

		Cyclic Prefix						Normal		Normal		Normal

		Cell Id						0		1		6

		Subframe Configuration						Non-MBSFN		Non-MBSFN		Non-MBSFN

		Number of DL control region OFDM symbols						2		2		2

		CFI indicated in PCFICH						2		2		2

		PHICH Ng						1 / 6		N/A		N/A

		PHICH duration						Normal		N/A		N/A

		PDSCH TM						4		N/A		N/A

		Interference model						NA		As specified in clause B.7.1		As specified in clause B.7.1

		Unused RE-s and PRB-s (Note 1)						OCNG		OCNG 		OCNG

		Time Offset relative to Cell 1				ms		N/A		2		3

		Frequency shift relative to Cell 1				Hz		N/A		200		300

		Note 1: According to Clause 6.9 in TS 36.211 [4].

		Note 2: For Cell 2 and Cell 3 unused RE-s and PRB-s do not include control region REs.





FRC

		Cat 1bis PDCCH Test #1 (2 CRS APs + PDCCH AL2)

		Parameter		Unit		Value

		Reference channel				R.16-3 FDD

		Number of transmitter antennas				2

		Channel bandwidth		MHz		10

		Number of OFDM symbols for PDCCH		symbols		1

		Aggregation level		CCE		2

		DCI Format				2

		Cell ID				0

		Payload (without CRC)		Bits		43

		Cat 1bis PDCCH Test #2 (4 CRS APs + PDCCH AL4)

		Parameter		Unit		Value

		Reference channel				R.X FDD

		Number of transmitter antennas				4

		Channel bandwidth		MHz		10

		Number of OFDM symbols for PDCCH		symbols		2

		Aggregation level		CCE		4

		DCI Format				2

		Cell ID				0

		Payload (without CRC)		Bits		46





Alignment

		Test		INR1		INR2		Intel				Company 2				Company 3				Company 4				Company 5				Company 6				Company 7				Company 8				Company 9				SPAN				AVERAGE SNR				AVERAGE SINR				Gain over MRC

								MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM		MRC		CRS-IM

		PDCCH test 1		13.91		3.34		21.8		18.7																																		0.0		0.0		21.8		18.7		7.4		4.3		3.1

		PDCCH test 2		13.91		3.34		16.9		14.4																																		0.0		0.0		16.9		14.4		2.5		-0.1		2.5





PDCCH test 1

				PDCCH Test case 1, 2 CRS APs, PDCCH AL2, CFI = 1

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				8.0		0.9																						8.0		0.7

				10.0		0.8																						10.0		0.4

				12.0		0.6																						12.0		0.3

				14.0		0.4																						14.0		0.1

				16.0		0.2																						16.0		0.0

				18.0		0.1																						18.0		0.0

				20.0		0.0																						20.0		0.0

				22.0		0.0																						22.0		0.0

				24.0		0.0																						24.0		0.0

				26.0																								26.0

				28.0																								28.0

















				SNR @ 
1% Pm-dsg		21.8																						SNR @ 
1% Pm-dsg		18.7																

				1%																								1%



PDCCH Test Case 1

LMMSE-MRC receiver

Intel	8	10	12	14	16	18	20	22	24	26	28	0.93335000000000001	0.79543900000000001	0.63024999999999998	0.40677000000000002	0.20830000000000001	9.2221800000000007E-2	2.7900000000000001E-2	9.0979000000000008E-3	1.725E-3	Company 2	8	10	12	14	16	18	20	22	24	26	28	Company 3	8	10	12	14	16	18	20	22	24	26	28	Company 4	8	10	12	14	16	18	20	22	24	26	28	Company 5	8	10	12	14	16	18	20	22	24	26	28	Company 6	8	10	12	14	16	18	20	22	24	26	28	Company 7	8	10	12	14	16	18	20	22	24	26	28	Company 8	8	10	12	14	16	18	20	22	24	26	28	Company 9	8	10	12	14	16	18	20	22	24	26	28	SNR, [dB]



Pm-dsg



PDCCH Test Case 1

CRS-IM receiver

Intel	8	10	12	14	16	18	20	22	24	26	28	0.67672500000000002	0.43971399999999999	0.26105	0.12740199999999999	4.6625E-2	1.70592E-2	3.7750000000000001E-3	1.2874900000000001E-3	3.7500000000000001E-4	Company 2	8	10	12	14	16	18	20	22	24	26	28	Company 3	8	10	12	14	16	18	20	22	24	26	28	Company 4	8	10	12	14	16	18	20	22	24	26	28	Company 5	8	10	12	14	16	18	20	22	24	26	28	Company 6	8	10	12	14	16	18	20	22	24	26	28	Company 7	8	10	12	14	16	18	20	22	24	26	28	Company 8	8	10	12	14	16	18	20	22	24	26	28	Company 9	8	10	12	14	16	18	20	22	24	26	28	SNR, [dB]



Pm-dsg





PDCCH test 2

				PDCCH Test case 2, 4 CRS APs, PDCCH AL4, CFI = 2

				SNR, dB		LMMSE-MRC																						SNR, dB		CRS-IM

						Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9								Intel		Company 2		Company 3		Company 4		Company 5		Company 6		Company 7		Company 8		Company 9

				4.00		0.9938																						4.00		0.8898

				6.00		0.9397																						6.00		0.6234

				8.00		0.8195																						8.00		0.3957

				10.00		0.5557																						10.00		0.1781

				12.00		0.2713																						12.00		0.0444

				14.00		0.1046																						14.00		0.0143

				16.00		0.0171																						16.00		0.0022

				18.00		0.0051																						18.00		0.0007

				20.00		0.0008																						20.00		0.0002

				22.00																								22.00

				24.00																								24.00

















				SNR @ 
1% Pm-dsg		16.9																						SNR @ 
1% Pm-dsg		14.4																

				1%																								1%



PDCCH Test Case 2

LMMSE-MRC receiver

Intel	4	6	8	10	12	14	16	18	20	22	24	0.99382499999999996	0.93971000000000005	0.81945000000000001	0.55571499999999996	0.27129999999999999	0.104634	1.7125000000000001E-2	5.1275599999999998E-3	8.0000000000000004E-4	Company 2	4	6	8	10	12	14	16	18	20	22	24	Company 3	4	6	8	10	12	14	16	18	20	22	24	Company 4	4	6	8	10	12	14	16	18	20	22	24	Company 5	4	6	8	10	12	14	16	18	20	22	24	Company 6	4	6	8	10	12	14	16	18	20	22	24	Company 7	4	6	8	10	12	14	16	18	20	22	24	Company 8	4	6	8	10	12	14	16	18	20	22	24	Company 9	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Pm-dsg



PDCCH Test Case 2

CRS-IM receiver

Intel	4	6	8	10	12	14	16	18	20	22	24	0.88977499999999998	0.62336400000000003	0.395675	0.17813799999999999	4.4400000000000002E-2	1.43182E-2	2.15E-3	6.9079999999999999E-4	1.75E-4	Company 2	4	6	8	10	12	14	16	18	20	22	24	Company 3	4	6	8	10	12	14	16	18	20	22	24	Company 4	4	6	8	10	12	14	16	18	20	22	24	Company 5	4	6	8	10	12	14	16	18	20	22	24	Company 6	4	6	8	10	12	14	16	18	20	22	24	Company 7	4	6	8	10	12	14	16	18	20	22	24	Company 8	4	6	8	10	12	14	16	18	20	22	24	Company 9	4	6	8	10	12	14	16	18	20	22	24	SNR, [dB]



Pm-dsg
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