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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 objectives on the CRS-IM enhancements:
	· Investigate feasibility and specify requirements for the CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas for synchronous networks.

· Stage 1: Investigate performance benefits and feasibility of using CRS-IM receivers.

· Stage 2: Specify UE demodulation and CSI reporting performance requirements to verify practical CRS-IM operation for the identified scenarios based on the outcome of Stage 1.


In this contribution we provide our further views on the enhanced CRS-IM performance requirements for DL Control Channels. The following agreements for the DL Control Channels were made in the last meeting [2]:
	· Enhanced CRS-IM for PDCCH/PCFICH
· Background: Candidate scenarios in RAN4 #81


[image: image1]
· Way forward:

· Confirm CRS-IM feasibility and define requirements for TC 1. 

· Deprioritize work for TC2

· Continue studies for additional PDCCH/PCFICH TC3 (investigate both performance and complexity).
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· Interference power profile: 

· I1/Noc = 13.91 dB; I2/Noc = 3.34 dB (Rel-13 CCIM)

· PDCCH parameters

· Test #1: CFI = 2; PDCCH AL 2

· Test #3: CFI = 2; PDCCH AL [1, 2]

· Enhanced CRS-IM for PHICH
· Background: Candidate scenarios in RAN4 #81


[image: image3]
· Way forward:

· Confirm performance gains for PHICH TC 1. FFS if performance requirements need to be introduced. 

· Deprioritize work for TC2

· Continue studies for additional PHICH TC3 (investigate both performance and complexity).
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· Interference profile: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB (Rel-13 CCIM)

· Enhanced CRS-IM for EPDCCH
· Stage 1 analysis confirms CRS-IM performance gains for the evaluated EPDCCH scenarios

[image: image5]
· Work on the Enhanced CRS-IM performance requirements for EPDCCH is deprioritized


2. PDCCH/PCFICH

The set of investigated PDCCH/PCFICH test cases is summarized in Table 1. The detailed simulation assumptions are provided in [3].

Table 1. PDCCH/PCFICH test cases

	Test
	Physical channel
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	
	Serv. cell
	Interf. cell
	

	1
	PDCCH
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	2
	
	Non Colliding
	4
	2
	2
	4 RX CRS-IM investigation

	3
	
	Non Colliding
	4
	4
	4
	4 RX + 4 CRS APs CRS-IM investigation


The PDCCH/PCFICH simulation results are illustrated in Figure 1. The results are provided for ULA Low and Med correlation models for all models.
	Test #1: 4 CRS APs + 2 RX UE

	ULA Low antenna correlation.
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	ULA Med antenna correlation.
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	Test #2: 2 CRS APs + 4 RX UE

	PDCCH AL 2 / ULA Low antenna correlation.
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	PDCCH AL 2 / ULA Medium antenna correlation.
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	Test #3: 4 CRS APs + 4 RX UE

	PDCCH AL 2 / ULA Low antenna correlation.
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	PDCCH AL 2 / ULA Medium antenna correlation.
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	PDCCH AL 1 / ULA Low antenna correlation.
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	Figure 1. PDCCH/PCFICH simulation results.


Observations #1 (PDCCH/PCFICH)

· Test #1: LMMSE-IRC + CRS-IM receivers ensure noticeable performance gains over both LMMSE-IRC and LMMSE-MRC.

· Test #2: LMMSE-IRC + CRS-IM receivers ensure performance gains over both LMMSE-IRC and LMMSE-MRC. Testable operating SNR point can be achieved in scenarios with Medium antenna correlation.
· Test #3: LMMSE-IRC + CRS-IM receivers ensure performance gains over both LMMSE-IRC and LMMSE-MRC. For test #3 the operating SNR point allows test case definition for scenarios with AL 2 and Medium antenna correlation or for scenarios with AL 1 and Low antenna correlation.

Proposal #1:
Confirm performance benefits and feasibility of using CRS-IM for PDCCH/PCFICH Test #3. Define the PDCCH/PCFICH demodulation performance requirements for Test 2 and Test 3 under Medium antenna correlation assumptions.
The test setups for the performance requirements definition are proposed in Table 2 and Table 3 below.
Table 2. PDCCH/PCFICH test parameters
	Parameter
	Test #1
	Test #3

	General description
	4 CRS APs + 2RX chains
	4 CRS APs + 4RX chains

	Number of CRS APs
	4 for all cells
	4 for all cells

	Antenna configuration
	4x2 ULA Low
	4x4 ULA Medium

	Duplexing
	FDD, TDD

	BW
	10 MHz

	Cyclic Prefix
	Normal

	UL/DL Configuration (for TDD)
	0

	Special Subframe Configuration (for TDD)
	4

	Subframe Configuration
	Non-MBSFN

	Number of interference cells
	2
	1

	Cell ID pattern
	0/1/6
	0/1

	Interference power profile
	I1/Noc = 13.91 dB

I2/Noc = 3.34 dB.
	I1/Noc = 13.91 dB

	Time offset relative to Serving cell 
	Cell 1: 2 µs

Cell 2: 3 µs
	Cell 1: 2 µs



	Frequency offset relative to Serving cell
	Cell 1: 200 Hz

Cell 2: 300 Hz
	Cell 1: 200 Hz



	Channel model
	EPA-5Hz for all links

	PHICH parameters
	Normal

PHICH Ng = 1/6

	Interference model
	Rel-13 CCIM (TS 36.101 B.7)

	Unused RE-s and PRB-s
	OCNG (for interference cells unused RE-s and PRB-s do not include control region REs)


Table 3. PDCCH FRCs
	Parameter
	Unit
	Test 1/3
	Test 2

	Number of transmitter antennas
	
	4
	2

	Channel bandwidth
	MHz
	10
	10

	Number of OFDM symbols for PDCCH
	symbols
	2
	2

	Aggregation level
	CCE
	2
	2

	DCI Format
	
	2
	2

	Cell ID
	
	0
	0

	Payload (without CRC)
	Bits
	46
	43


3. PHICH

The PHICH feasibility analysis test cases are summarized in Table 2. The detailed simulation assumptions are provided in [3]. The simulation results for PHICH are illustrated in Figure 2.
Table 4. PHICH test cases
	Test
	Physical channel
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	
	Serv. cell
	Interf. cell
	

	1
	PHICH
	Non-Colliding
	2
	4
	4
	4 CRS APs IM investigation

	2
	
	Non-Colliding
	4
	2
	2
	4 RX CRS-IM investigation

	3
	
	Non-Colliding
	4
	4
	4
	4 RX + 4 CRS APs CRS-IM investigation


	Test #1: 4 CRS APs + 2 RX UE

	ULA Low antenna correlation.
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	Test #2: 2 CRS APs + 4 RX UE

	ULA Low antenna correlation.
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	ULA Medium antenna correlation.
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	Test #3: 4 CRS APs + 4 RX UE

	ULA Low antenna correlation.
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	ULA Medium antenna correlation.
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	Figure 2. PHICH simulation results.


Observations #2 (PHICH)

· Test #1: CRS-IM receiver provides testable performance improvement for PHICH demodulation over LMMSE-MRC receivers and allow operation at feasible SINR test point
· Test #2: CRS-IM receivers ensure performance gains over both LMMSE-MRC. Testable operating SNR point can be achieved in scenarios with Medium antenna correlation.
· Test #3: CRS-IM receiver provides testable performance improvement for PHICH demodulation over LMMSE-MRC receivers. For low antennas correlation model the operating SINR is very low. For the medium correlation model the SINR is -0.6.

Proposal #2:
Confirm performance benefits and feasibility of using CRS-IM for PHICH Test #3. Define the PHICH demodulation performance requirements for Test 2 and Test 3 under Medium antenna correlation assumptions.
The test setups for the performance requirements definition are proposed in Table 5 and Table 6 below.
Table 5. PHICH test parameters

	Parameter
	Test #1
	Test #3

	General description
	4 CRS APs + 2RX chains
	4 CRS APs + 4RX chains

	Number of CRS APs
	4 for all cells
	4 for all cells

	Antenna configuration
	4x2 Low
	4x4 Medium

	Duplexing
	FDD, TDD

	BW
	10 MHz

	Cyclic Prefix
	Normal

	UL/DL Configuration (for TDD)
	0

	Special Subframe Configuration (for TDD)
	4

	Subframe Configuration
	Non-MBSFN

	Number of interference cells
	2
	1

	Cell ID pattern
	0/1/6
	0/1

	Interference power profile
	I1/Noc = 13.91 dB

I2/Noc = 3.34 dB.
	I1/Noc = 13.91 dB

	Time offset relative to Serving cell 
	Cell 1: 2 µs

Cell 2: 3 µs
	Cell 1: 2 µs



	Frequency offset relative to Serving cell
	Cell 1: 200 Hz

Cell 2: 300 Hz
	Cell 1: 200 Hz



	Channel model
	EPA-5Hz for all links

	PHICH parameters
	Extended
PHICH Ng = 1/6

	Interference model
	Rel-13 CCIM (TS 36.101 B.7)

	Unused RE-s and PRB-s
	OCNG (for interference cells unused RE-s and PRB-s do not include control region REs)


Table 6. PHICH FRCs
	Parameter
	Unit
	Test 1/3
	Test 2

	Number of transmitter antennas
	
	4
	2

	Channel bandwidth
	MHz
	10
	10

	User roles
	
	W I1 I2
	W I1 I2

	Resource allocation
	
	(0,0) (0,1) (0,4)
	(0,0) (0,1) (0,4)

	Power offsets
	dB
	-4 0 -3
	-4 0 -3

	Payload
	
	A R R
	A R R


4. Conclusions

In this contribution, we’ve provided views on the Enhanced CRS-IM performance requirements for DL Control Channels. In summary, we make the following proposals:

Proposal #1:
Confirm performance benefits and feasibility of using CRS-IM for PDCCH/PCFICH Test #3. Define the PDCCH/PCFICH demodulation performance requirements for Test 2 and Test 3 under Medium antenna correlation assumptions.
Proposal #2:
Confirm performance benefits and feasibility of using CRS-IM for PHICH Test #3. Define the PHICH demodulation performance requirements for Test 2 and Test 3 under Medium antenna correlation assumptions.
The simulation results are also provided in the Excel format:

[image: image18.emf]E-CRS-IM - RAN4  82bis sim results - DL Control.xlsx
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Simulation assumptions

		Common simulation assumptions

		Parameter		Value

		Duplexing		FDD

		System bandwidth		10MHz

		Tx EVM		6%

		Antenna models		Baseline

				    2x2 low correlation for 2 CRS APs + 2RX UE scenarios

				    2x4 low correlation for 2 CRS APs + 4RX UE scenarios

				    4x2 low correlation for 4 CRS APs + 2RX UE scenarios

		PDCCH/PCFICH simulation assumptions						PDCCH FRC

		Parameter		Value				Parameter		Unit		Value

		Number of explicitly modelled interference cells		Test 1: 2				Number of transmitter antennas				4

				Test 3: 1				Channel bandwidth		MHz		10

		Cell ID pattern		Non-colliding CRS: 0/1/6				Number of OFDM symbols for PDCCH		symbols		2

		Interference power profile		I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.				Aggregation level		CCE		[1,2]

		Time offset between cells		Cell 1: 2 µs				DCI Format				2

				Cell 2: 3 µs				Cell ID				0

		Frequency offset between cells		Cell 1: 200 Hz				Payload (without CRC)		Bits		46

				Cell 2: 300 Hz

		Channel model		EPA-5Hz for all links

		PHICH duration		Normal

		Interference model		Rel-13 CCIM (TS 36.101 B.7)

		PDCCH/PCFICH/PHICH parameters		PHICH Ng = 1/6

				Test #1: PDCCH AL = 2; CFI = 2

				Test #3: PDCCH AL = 1,2; CFI = 2

		Receivers		Baseline: LMMSE-MRC.

				Enhanced reference receiver structures: LMMSE-IRC (for information), LMMSE-IRC + 1 cell CRS-IM.

		PHICH simulation assumptions						PHICH FRC

		Parameter		Value				Parameter		Unit		Value

		Number of explicitly modelled interference cells		Test 1: 2				Number of transmitter antennas				4

				Test 3: 1				Channel bandwidth		MHz		10

		Cell ID pattern		Non-colliding CRS: 0/1/6				User roles				W I1 I2

		Interference power profile		I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.				Resource allocation				(0,0) (0,1) (0,4)

		Time offset between cells		Cell 1: 2 µs				Power offsets		dB		-4 0 -3

				Cell 2: 3 µs				Payload				A R R

		Frequency offset between cells		Cell 1: 200 Hz

				Cell 2: 300 Hz

		Channel model		EPA-5Hz for all links

		PHICH duration		Extended

		Interference model		Rel-13 CCIM (TS 36.101 B.7)

		PDCCH/PCFICH/PHICH parameters		PHICH Ng = 1

				CFI = 3

		Receivers		Baseline: LMMSE-MRC.

				Enhanced reference receiver structures: LMMSE-IRC (for information), LMMSE-IRC + 1 cell CRS-IM.





Summary

		Test		CRS pattern		Number of UE RX chains		Number of CRS APs				Interf. Model		CFI		AL		INR1		INR2		Intel						CATT						LG						QC						ZTE						Company 6						Company 7						Company 8						Company 9						SPAN						AVERAGE SNR						AVERAGE SINR						Gain over MRC				Gain over IRC

								Serv. cell		Interf. cell												MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		MRC		IRC		CRS-IM		IRC		CRS-IM		CRS-IM

		PDCCH test 1		Non Colliding		2		4		4		Rel-13 CCIM (TS 36.101 B.7)		2		2		13.91		3.34		14.9		14.4		12.0																																																		0.0		0.0		0.0		14.9		14.4		12.0		0.5		0.0		-2.4		0.5		2.9		2.5

		PDCCH test 3-1		Non Colliding		4		4		4				2		2		13.91		N/A		11.6		9.1		6.9																																																		0.0		0.0		0.0		11.6		9.1		6.9		-2.5		-5.0		-7.2		2.4		4.7		2.2

		PDCCH test 3-2														1		13.91		N/A		17.3		15.0		13.3																																																		0.0		0.0		0.0		17.3		15.0		13.3		3.2		0.9		-0.8		2.3		4.0		1.7

		PHICH test 1		Non-Colliding		2		4		4				3		N/A		13.91		3.34		14.0		13.2		12.6																																																		0.0		0.0		0.0		14.0		13.2		12.6		-0.4		-1.2		-1.8		0.8		1.4		0.6

		PHICH test 3		Non-Colliding		4		4		4				3		N/A		13.91		N/A		10.9		9.0		7.8																																																		0.0		0.0		0.0		10.9		9.0		7.8		-3.2		-5.0		-6.2		1.9		3.1		1.2





PDCCH test 1

				PDCCH Test case 1, 2 Rx chains, Serving cell - 4 CRS APs, Interference cell - 4 CRS APs

				CFI=2, AL 2, I1/Noc = 13.91 dB; I2/Noc = 3.34 dB

				SNR, dB		LMMSE-MRC																						SNR, dB		LMMSE-IRC (for information)																						SNR, dB		LMMSE-IRC + CRS-IM

						Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9

				-4.00		0.9998																						-4.00		1.0000																						-4.00		0.9999

				-2.00		0.9999																						-2.00		1.0000																						-2.00		0.9999

				0.00		1.0000																						0.00		1.0000																						0.00		0.9944

				2.00		0.9995																						2.00		0.9990																						2.00		0.9583

				4.00		0.9945																						4.00		0.9910																						4.00		0.8159

				6.00		0.9602																						6.00		0.9337																						6.00		0.5189

				8.00		0.8234																						8.00		0.7166																						8.00		0.2224

				10.00		0.5075																						10.00		0.3687																						10.00		0.0607

				12.00		0.1908																						12.00		0.1101																						12.00		0.0099

				14.00		0.0340																						14.00		0.0174																						14.00		0.0009

				16.00		0.0024																						16.00		0.0014																						16.00		0.0002

















				SNR @ 
1% Pm-dsg		14.92																						SNR @ 
1% Pm-dsg		14.44																						SNR @ 
1% Pm-dsg		11.99																

				1%																								1%																								1%



PDCCH Test Case 1, CFI=2, AL 2, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

MMSE-MRC receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.99980000000000002	0.99990000000000012	1	0.99950000000000006	0.99450000000000005	0.96019999999999972	0.82340000000000002	0.50749999999999984	0.19079999999999997	3.3999999999999975E-2	2.3999999999999994E-3	CATT	-4	-2	0	2	4	6	8	10	12	14	16	LG	-4	-2	0	2	4	6	8	10	12	14	16	QC	-4	-2	0	2	4	6	8	10	12	14	16	ZTE	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-dsg



PDCCH Test Case 1, CFI=2, AL 2, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

MMSE-IRC receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	1	1	1	0.99899999999999989	0.9910000000000001	0.93369999999999986	0.71660000000000013	0.36870000000000003	0.11009999999999996	1.7400000000000006E-2	1.3999999999999985E-3	CATT	-4	-2	0	2	4	6	8	10	12	14	16	LG	-4	-2	0	2	4	6	8	10	12	14	16	QC	-4	-2	0	2	4	6	8	10	12	14	16	ZTE	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-dsg



PDCCH Test Case 1, CFI=2, AL 2, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.9998999999999999	0.9998999999999999	0.99439999999999973	0.95829999999999993	0.81590000000000018	0.51890000000000003	0.22240000000000004	6.0699999999999935E-2	9.9000000000000025E-3	8.9999999999999998E-4	1.9999999999999998E-4	CATT	-4	-2	0	2	4	6	8	10	12	14	16	LG	-4	-2	0	2	4	6	8	10	12	14	16	QC	-4	-2	0	2	4	6	8	10	12	14	16	ZTE	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-dsg





PDCCH test 3

				PDCCH Test case 3, 4 Rx chains, Serving cell - 4 CRS APs, Interference cell - 4 CRS APs

				CFI=2, AL 2, I1/Noc = 13.91 dB; I2/Noc = 3.34 dB

				SNR, dB		LMMSE-MRC																						SNR, dB		LMMSE-IRC (for information)																						SNR, dB		LMMSE-IRC + CRS-IM

						Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9

				-8.00		1.0000																						-8.00		1.0000																						-8.00		1.0000

				-6.00		1.0000																						-6.00		1.0000																						-6.00		1.0000

				-4.00		1.0000																						-4.00		1.0000																						-4.00		0.9982

				-2.00		1.0000																						-2.00		0.9999																						-2.00		0.9688

				0.00		1.0000																						0.00		0.9964																						0.00		0.8088

				2.00		0.9991																						2.00		0.9433																						2.00		0.4616

				4.00		0.9715																						4.00		0.6734																						4.00		0.1491

				6.00		0.7775																						6.00		0.2465																						6.00		0.0290

				8.00		0.3438																						8.00		0.0447																						8.00		0.0026

				10.00		0.0632																						10.00		0.0031																						10.00		0.0002

				12.00		0.0060																						12.00																								12.00

				14.00















				SNR @ 
1% Pm-dsg		11.57																						SNR @ 
1% Pm-dsg		9.12																						SNR @ 
1% Pm-dsg		6.88																

				1%																								1%																								1%

				CFI=2, AL 1, I1/Noc = 13.91 dB; I2/Noc = 3.34 dB

				SNR, dB		LMMSE-MRC																						SNR, dB		LMMSE-IRC (for information)																						SNR, dB		LMMSE-IRC + CRS-IM

						Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9

				-2.00																								-2.00																								-2.00

				0.00		1.0000																						0.00		0.9999																						0.00		0.9971

				2.00		0.9999																						2.00		0.9998																						2.00		0.9621

				4.00		1.0000																						4.00		0.9974																						4.00		0.8402

				6.00		0.9994																						6.00		0.9736																						6.00		0.6070

				8.00		0.9834																						8.00		0.8179																						8.00		0.3372

				10.00		0.8638																						10.00		0.4814																						10.00		0.1315

				12.00		0.5375																						12.00		0.1631																						12.00		0.0327

				14.00		0.2006																						14.00		0.0335																						14.00		0.0051

				16.00		0.0405																						16.00		0.0029																						16.00		0.0006

				18.00		0.0048																						18.00		0.0002																						18.00

















				SNR @ 
1% Pm-dsg		17.31																						SNR @ 
1% Pm-dsg		14.99																						SNR @ 
1% Pm-dsg		13.28																

				1%																								1%																								1%



PDCCH Test Case 3, CFI=2, AL 2, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

MMSE-MRC receiver

Intel	-8	-6	-4	-2	0	2	4	6	8	10	12	14	1	1	1	1	1	0.99909999999999999	0.97150000000000003	0.77749999999999997	0.34379999999999999	6.3200000000000006E-2	6.0000000000000001E-3	CATT	-8	-6	-4	-2	0	2	4	6	8	10	12	14	LG	-8	-6	-4	-2	0	2	4	6	8	10	12	14	QC	-8	-6	-4	-2	0	2	4	6	8	10	12	14	ZTE	-8	-6	-4	-2	0	2	4	6	8	10	12	14	Company 6	-8	-6	-4	-2	0	2	4	6	8	10	12	14	Company 7	-8	-6	-4	-2	0	2	4	6	8	10	12	14	Company 8	-8	-6	-4	-2	0	2	4	6	8	10	12	14	Company 9	-8	-6	-4	-2	0	2	4	6	8	10	12	14	SNR, [dB]



Pm-dsg



PDCCH Test Case 3, CFI=2, AL 2, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

MMSE-IRC receiver

Intel	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.99990000000000001	0.99639999999999995	0.94330000000000003	0.6734	0.2465	4.4699999999999997E-2	3.0999999999999999E-3	CATT	-8	-6	-4	-2	0	2	4	6	8	10	12	LG	-8	-6	-4	-2	0	2	4	6	8	10	12	QC	-8	-6	-4	-2	0	2	4	6	8	10	12	ZTE	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 6	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 7	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 8	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 9	-8	-6	-4	-2	0	2	4	6	8	10	12	SNR, [dB]



Pm-dsg



PDCCH Test Case 3, CFI=2, AL 1, I1/Noc = 13.91 dB; I2/Noc = 3.34 

MMSE-MRC receiver

Intel	-2	0	2	4	6	8	10	12	14	16	18	1	0.99990000000000001	1	0.99939999999999996	0.98340000000000005	0.86380000000000001	0.53749999999999998	0.2006	4.0500000000000001E-2	4.7999999999999996E-3	CATT	-2	0	2	4	6	8	10	12	14	16	18	LG	-2	0	2	4	6	8	10	12	14	16	18	QC	-2	0	2	4	6	8	10	12	14	16	18	ZTE	-2	0	2	4	6	8	10	12	14	16	18	Company 6	-2	0	2	4	6	8	10	12	14	16	18	Company 7	-2	0	2	4	6	8	10	12	14	16	18	Company 8	-2	0	2	4	6	8	10	12	14	16	18	Company 9	-2	0	2	4	6	8	10	12	14	16	18	SNR, [dB]



Pm-dsg



PDCCH Test Case 3, CFI=2, AL 1, I1/Noc = 13.91 dB; I2/Noc = 3.34 dB

MMSE-IRC receiver

Intel	-2	0	2	4	6	8	10	12	14	16	18	0.99990000000000001	0.99980000000000002	0.99739999999999995	0.97360000000000002	0.81789999999999996	0.48139999999999999	0.16309999999999999	3.3500000000000002E-2	2.8999999999999998E-3	2.0000000000000001E-4	CATT	-2	0	2	4	6	8	10	12	14	16	18	LG	-2	0	2	4	6	8	10	12	14	16	18	QC	-2	0	2	4	6	8	10	12	14	16	18	ZTE	-2	0	2	4	6	8	10	12	14	16	18	Company 6	-2	0	2	4	6	8	10	12	14	16	18	Company 7	-2	0	2	4	6	8	10	12	14	16	18	Company 8	-2	0	2	4	6	8	10	12	14	16	18	Company 9	-2	0	2	4	6	8	10	12	14	16	18	SNR, [dB]



Pm-dsg



PDCCH Test Case 3, CFI=2, AL 2, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

CRS-IM receiver

Intel	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.99819999999999998	0.96879999999999999	0.80879999999999996	0.46160000000000001	0.14910000000000001	2.9000000000000001E-2	2.5999999999999999E-3	2.0000000000000001E-4	CATT	-8	-6	-4	-2	0	2	4	6	8	10	12	LG	-8	-6	-4	-2	0	2	4	6	8	10	12	QC	-8	-6	-4	-2	0	2	4	6	8	10	12	ZTE	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 6	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 7	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 8	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 9	-8	-6	-4	-2	0	2	4	6	8	10	12	SNR, [dB]



Pm-dsg



PDCCH Test Case 3, CFI=2, AL 1, I1/Noc = 13.91 dB; I2/Noc = 3.34 dB

CRS-IM receiver

Intel	-2	0	2	4	6	8	10	12	14	16	18	0.99709999999999999	0.96209999999999996	0.84019999999999995	0.60699999999999998	0.3372	0.13150000000000001	3.27E-2	5.1000000000000004E-3	5.9999999999999995E-4	CATT	-2	0	2	4	6	8	10	12	14	16	18	LG	-2	0	2	4	6	8	10	12	14	16	18	QC	-2	0	2	4	6	8	10	12	14	16	18	ZTE	-2	0	2	4	6	8	10	12	14	16	18	Company 6	-2	0	2	4	6	8	10	12	14	16	18	Company 7	-2	0	2	4	6	8	10	12	14	16	18	Company 8	-2	0	2	4	6	8	10	12	14	16	18	Company 9	-2	0	2	4	6	8	10	12	14	16	18	SNR, [dB]



Pm-dsg





PHICH test 1

		PHICH Test case 1, 2 Rx chains, Serving cell - 4 CRS APs, Interference cell - 4 CRS APs

				I1/Noc = 13.91 dB; I2/Noc = 3.34 dB

				SNR, dB		LMMSE-MRC																						SNR, dB		LMMSE-IRC (for information)																						SNR, dB		LMMSE-IRC + CRS-IM

						Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9

				-4.00		0.3744																						-4.00		0.3545																						-4.00		0.3014

				-2.00		0.3302																						-2.00		0.3052																						-2.00		0.2406

				0.00		0.2692																						0.00		0.2447																						0.00		0.1764

				2.00		0.2067																						2.00		0.1841																						2.00		0.1200

				4.00		0.1475																						4.00		0.1207																						4.00		0.0674

				6.00		0.0898																						6.00		0.0726																						6.00		0.0334

				8.00		0.0487																						8.00		0.0357																						8.00		0.0133

				10.00		0.0208																						10.00		0.0126																						10.00		0.0042

				12.00		0.0064																						12.00		0.0030																						12.00		0.0015

				14.00		0.0010																						14.00		0.0005																						14.00		0.0004

				16.00		0.0001																						16.00		0.0001																						16.00		0.0002

















				SNR @ 
0.1% Pm-an		14.00																						SNR @ 
0.1% Pm-an		13.23																						SNR @ 
0.1% Pm-an		12.61																

				0.1%																								0.1%																								0.1%



PHICH Test Case 1, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

MMSE-MRC receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.37440000000000018	0.3302000000000001	0.26920000000000011	0.20669999999999994	0.14749999999999999	8.9799999999999963E-2	4.8699999999999993E-2	2.0799999999999999E-2	6.4000000000000038E-3	1E-3	1.0000000000000005E-4	CATT	-4	-2	0	2	4	6	8	10	12	14	16	LG	-4	-2	0	2	4	6	8	10	12	14	16	QC	-4	-2	0	2	4	6	8	10	12	14	16	ZTE	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-an



PHICH Test Case 1, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

MMSE-IRC receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.35449999999999998	0.30519999999999997	0.24469999999999995	0.18409999999999996	0.12069999999999997	7.2599999999999984E-2	3.5699999999999982E-2	1.2600000000000007E-2	3.0000000000000005E-3	5.0000000000000001E-4	9.9999999999999991E-5	CATT	-4	-2	0	2	4	6	8	10	12	14	16	LG	-4	-2	0	2	4	6	8	10	12	14	16	QC	-4	-2	0	2	4	6	8	10	12	14	16	ZTE	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-an



PHICH Test Case 1, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

CRS-IM receiver

Intel	-4	-2	0	2	4	6	8	10	12	14	16	0.30139999999999995	0.24060000000000004	0.17640000000000003	0.11999999999999997	6.739999999999996E-2	3.3399999999999985E-2	1.3300000000000008E-2	4.2000000000000015E-3	1.5E-3	4.0000000000000002E-4	2.0000000000000001E-4	CATT	-4	-2	0	2	4	6	8	10	12	14	16	LG	-4	-2	0	2	4	6	8	10	12	14	16	QC	-4	-2	0	2	4	6	8	10	12	14	16	ZTE	-4	-2	0	2	4	6	8	10	12	14	16	Company 6	-4	-2	0	2	4	6	8	10	12	14	16	Company 7	-4	-2	0	2	4	6	8	10	12	14	16	Company 8	-4	-2	0	2	4	6	8	10	12	14	16	Company 9	-4	-2	0	2	4	6	8	10	12	14	16	SNR, [dB]



Pm-an





PHICH test 3

		PHICH Test case 3, 4 Rx chains, Serving cell - 4 CRS APs, Interference cell - 4 CRS APs

				I1/Noc = 13.91 dB; I2/Noc = 3.34 dB

				SNR, dB		LMMSE-MRC																						SNR, dB		LMMSE-IRC (for information)																						SNR, dB		LMMSE-IRC + CRS-IM

						Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9								Intel		CATT		LG		QC		ZTE		Company 6		Company 7		Company 8		Company 9

				-8.00																								-8.00																								-8.00

				-6.00																								-6.00																								-6.00

				-4.00		0.3489																						-4.00		0.2745																						-4.00		0.1874

				-2.00		0.2843																						-2.00		0.2026																						-2.00		0.1192

				0.00		0.2146																						0.00		0.1262																						0.00		0.0643

				2.00		0.1392																						2.00		0.0682																						2.00		0.0313

				4.00		0.0785																						4.00		0.0299																						4.00		0.0113

				6.00		0.0331																						6.00		0.0100																						6.00		0.0034

				8.00		0.0113																						8.00		0.0021																						8.00		0.0009

				10.00		0.0021																						10.00		0.0005																						10.00		0.0002

				12.00		0.0004																						12.00		0.0001																						12.00

















				SNR @ 
0.1% Pm-an		10.89																						SNR @ 
0.1% Pm-an		9.03																						SNR @ 
0.1% Pm-an		7.84																

				0.1%																								0.1%																								0.1%



PHICH Test Case 3, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

MMSE-MRC receiver

Intel	-8	-6	-4	-2	0	2	4	6	8	10	12	0.34889999999999999	0.2843	0.21460000000000001	0.13919999999999999	7.85E-2	3.3099999999999997E-2	1.1299999999999999E-2	2.0999999999999999E-3	4.0000000000000002E-4	CATT	-8	-6	-4	-2	0	2	4	6	8	10	12	LG	-8	-6	-4	-2	0	2	4	6	8	10	12	QC	-8	-6	-4	-2	0	2	4	6	8	10	12	ZTE	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 6	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 7	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 8	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 9	-8	-6	-4	-2	0	2	4	6	8	10	12	SNR, [dB]



Pm-an



PHICH Test Case 3, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

MMSE-IRC receiver

Intel	-8	-6	-4	-2	0	2	4	6	8	10	12	0.27450000000000002	0.2026	0.12620000000000001	6.8199999999999997E-2	2.9899999999999999E-2	0.01	2.0999999999999999E-3	5.0000000000000001E-4	1E-4	CATT	-8	-6	-4	-2	0	2	4	6	8	10	12	LG	-8	-6	-4	-2	0	2	4	6	8	10	12	QC	-8	-6	-4	-2	0	2	4	6	8	10	12	ZTE	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 6	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 7	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 8	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 9	-8	-6	-4	-2	0	2	4	6	8	10	12	SNR, [dB]



Pm-an



PHICH Test Case 3, I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

CRS-IM receiver

Intel	-8	-6	-4	-2	0	2	4	6	8	10	12	0.18740000000000001	0.1192	6.4299999999999996E-2	3.1300000000000001E-2	1.1299999999999999E-2	3.3999999999999998E-3	8.9999999999999998E-4	2.0000000000000001E-4	CATT	-8	-6	-4	-2	0	2	4	6	8	10	12	LG	-8	-6	-4	-2	0	2	4	6	8	10	12	QC	-8	-6	-4	-2	0	2	4	6	8	10	12	ZTE	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 6	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 7	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 8	-8	-6	-4	-2	0	2	4	6	8	10	12	Company 9	-8	-6	-4	-2	0	2	4	6	8	10	12	SNR, [dB]



Pm-an






