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1 Introduction
In this contribution, simulation results for CCIM candidate receivers based on agreed WF [1].
2 Simulation results
For EIRC operation, the number of co-processed REs is two for colliding CRS and one for non-colliding CRS. For interference CFI, UE does not detect interference PCIFICH, so only the first symbol is applied for EIRC receiver operation, and other control symbols are used by IRC receiver. 
PDCCH/PCFICH
Table 2‑1 SINR for 1% Pm-dsg [dB] for PDCCH/PCFICH
	Test case #
	CFI
	CRS pattern
	Serving cell 
PDCCH AL
	Interference PDCCH Model
	INR profile
	LMMSE-MRC
	LMMSE-IRC + CRS-IC
	E-LMMSE-IRC + CRS-IC

	1
	CFIS = 1
CFII = 1
	Colliding CRS
	2
	100% loading + Uniform power
	High
	3.32
	-0.25
	-2.49

	2
	
	
	
	
	Medium
	2.62
	0.30
	-0.60

	3
	
	
	
	50% loading + Non-Uniform power
	High
	4.08
	0.12
	-1.28

	4
	
	
	
	
	Medium
	3.07
	0.75
	0.86

	5
	
	
	4
	100% loading + Uniform power
	High
	-1.26
	-3.65
	-5.99

	6
	
	
	
	
	Medium
	-1.81
	-3.03
	-3.36

	7
	
	
	
	50% loading + Non-Uniform power
	High
	0.31
	-3.47
	-5.42

	8
	
	
	
	
	Medium
	-0.43
	-2.78
	-2.62

	9
	
	Non-Colliding CRS
	2
	100% loading + Uniform power
	High
	2.28
	0.58
	-0.84

	10
	
	
	
	
	Medium
	1.80
	0.76
	0.72

	11
	
	
	
	50% loading + Non-Uniform power
	High
	4.16
	1.07
	-0.01

	12
	
	
	
	
	Medium
	3.27
	1.10
	0.6

	13
	
	
	4
	100% loading + Uniform power
	High
	0.14
	-2.33
	-3.63

	14
	
	
	
	
	Medium
	-0.38
	-2.07
	-3.29

	15
	
	
	
	50% loading + Non-Uniform power
	High
	0.17
	-2.77
	-3.28

	16
	
	
	
	
	Medium
	-0.62
	-2.45
	-3.14

	17
	CFIS = 3
CFII = 3
	Colliding CRS
	2
	100% loading + Uniform power
	High
	2.31
	0.46
	-0.15

	18
	
	
	
	
	Medium
	1.94
	1.10
	0.70

	19
	
	
	
	50% loading + Non-Uniform power
	High
	4.77
	2.06
	1.50

	20
	
	
	
	
	Medium
	3.72
	2.37
	2.20

	21
	
	
	4
	100% loading + Uniform power
	High
	-0.72
	-3.11
	-3.12

	22
	
	
	
	
	Medium
	-1.35
	-2.49
	-2.54

	23
	
	
	
	50% loading + Non-Uniform power
	High
	0.59
	-2.27
	-2.79

	24
	
	
	
	
	Medium
	-0.19
	-1.52
	-1.71

	25
	
	Non-Colliding CRS
	2
	100% loading + Uniform power
	High
	2.65
	2.19
	2.32

	26
	
	
	
	
	Medium
	2.22
	2.10
	1.51

	27
	
	
	
	50% loading + Non-Uniform power
	High
	4.63
	4.21
	3.91

	28
	
	
	
	
	Medium
	3.96
	3.06
	3.35

	29
	
	
	4
	100% loading + Uniform power
	High
	-0.30
	-1.48
	-1.37

	30
	
	
	
	
	Medium
	-1.16
	-2.18
	-1.95

	31
	
	
	
	50% loading + Non-Uniform power
	High
	1.02
	0.75
	1.11

	32
	
	
	
	
	Medium
	0.19
	-0.53
	0.17


PHICH
Table 2‑2 SINR for 0.1% Pm-an [dB] for PHICH
	Test case #
	CRS pattern
	Interference PDCCH Model
	INR profile
	LMMSE-MRC
	LMMSE-IRC + CRS-IC
	E-LMMSE-IRC + CRS-IC

	1
	Colliding CRS
	100% loading + Uniform power
	High
	4.97
	2.71
	-1.22

	2
	
	
	Medium
	4.27
	3.21
	2.06

	3
	
	50% loading + Non-Uniform power
	High
	5.19
	2.26
	-0.47

	4
	
	
	Medium
	4.30
	2.43
	1.56

	5
	Non-Colliding CRS
	100% loading + Uniform power
	High
	4.95
	2.71
	2.35

	6
	
	
	Medium
	4.42
	3.02
	2.07

	7
	
	50% loading + Non-Uniform power
	High
	4.35
	2.36
	1.51

	8
	
	
	Medium
	4.21
	2.55
	2.15


EPDCCH 

Table 2‑3 SINR for 1% Pm-dsg [dB] for EPDCCH
	Test case #
	EPDCCH FRC
	INR profile
	LMMSE-MRC
	LMMSE-IRC
	LMMSE-IRC + CRS-IC

	1
	EPDCCH AL 2, Localized
	High
	8.81
	6.13
	4.02

	2
	
	Medium
	8.55
	7.02
	6.43

	3
	EPDCCH AL 4, Distributed
	High
	0.26
	-4.06
	-7.08

	4
	
	Medium
	-0.66
	-3.12
	-3.39


3 Conclusion 
In this contribution, we provide simulation results for PDCCH/PCFICH/PHICH and EPDCCH based on agreed simulation assumptions.
4 Reference
[1] R4-158136, “WF on DL Control Channel IM Link-level simulation assumptions,” Intel Corporation, ZTE.
5 Appendix

Simulation assumption is based on the document on e-mail reflector as following Tables.

	Parameters
	Value

	System bandwidth
	10MHz for both serving cell and interfering cells

	Duplexing mode
	FDD

	Cyclic prefix
	Normal

	Number of interference cells
	2 interfering cells

	Interference power profile
	High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Medium INR (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB)

	Network synchronization scenarios
	Synchronous network

Time offset: Interference cell #1 – 2us, Interference cell #2 – 3us

Frequency offset: Interference cell #1 –200Hz, Interference cell #2 –300Hz

	Cell ID
	Serving cell: 0

Colliding CRS: Interferer cell #1 - 6, Interferer cell #2 - 1

Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 – 6

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2 with Low correlation

	Tx EVM
	6%

	Unused Serving cell RE-s and PRB-s
	OCNG


For PDCCH/PCFICH test

	Parameters
	Value

	Scenarios
	Scenario #1: Synchronous network + Colliding CRS

Scenario #2: Synchronous network + Non-Colliding CRS

	Channel model
	Scenarios #1, 2: EPA5

	Serving cell PDCCH
	AL 2, 4; DCI Format 2 (43 bits – FDD, 10MHz)

	CFI
	Synchronous networks

Option 1: CFIS = 1, CFII = 1

Option 2: CFIS = 3, CFII = 3

	PHICH Ng
	Ng = 1

	PHICH duration
	Normal

	Interference model for synchronous scenario
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity:

Scenario #1: 100% interference loading + Uniform power distribution

Scenario #2: 50% interference loading + Non-uniform power distribution (random from -6dB to 6 dB)

PCFICH interference is explicitly modelled

PDSCH interference model 

Option 1: Full loading

-
Based on TM4 interference model B.5.3 in 36.101.

-
Probability of occurrence of transmission rank: rank 1: 70% and rank2: 30% 

-
Precoding granularity is 6 PRB

Option 2: Partial loading (can be used for non-aligned CFI simulations)

-
Option 2a: per-TTI level partial level model (i.e. on/off interference model)

-
Option 2b: per-PRB model

-
Loading level is FFS (e.g. 50%)

	Performance metrics
	Pm-dsg vs SINR


For PHICH test

	Parameters
	Value

	Scenarios
	Scenario #1: Synchronous network + Colliding CRS

Scenario #2: Synchronous network + Non-Colliding CRS

	Channel model
	Scenarios #1, 2: EPA5

	CFI
	CFIS = 1, CFII = 1

	PHICH Ng
	Ng = 1

	PHICH duration
	Normal

	PHICH FRC
	R.19 in TS 36.101

	Interference model for synchronous scenario
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity:

· Scenario #1: 100% interference loading + Uniform power distribution

· Scenario #2: 50% interference loading + Non-uniform power distribution (random from -6dB to 6 dB)

PCFICH interference is explicitly modelled

PDSCH interference is modelled as OCNG

	Performance metrics
	Pm-an vs SINR


For EPDCCH test

	Parameters
	Value

	Scenarios
	Scenario #1: Synchronous network + Non-Colliding CRS

	Channel model
	EPA5

	Serving cell EPDCCH
	FRC #1: AL 2, Localized EPDCCH
FRC #2: AL 4, Distributed EPDCCH
DCI Format 2C (44 bits – FDD, 10MHz)

	Number of PDCCH symbols and EPDCCH start
	CFIS = CFII=2, EPDCCH starting symbols is derived from CFI

	EPDCCH parameters
	Number of EPDCCH Sets Configured = 1
Distributed EPDCCH set PRBs {3, 17, 31, 45} 
Localized EPDCCH set PRBs {0, 7, 14, 21, 28, 35, 42, 49}
EPDCCH is transmitted in all subframes
EPDCCH precoding model is in accordance to TS 36.101 B.4.4. and B.4.5

	Interference model for synchronous scenario
	Full PDCCH loading (OCNG)
Partial loading PDSCH interference (PDSCH is transmitted in 50% of subframes)
PDSCH interference is modelled as QPSK RI = 1

	Performance metrics
	Pm-dsg vs SINR


