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1 Introduction

In RAN4#77 meeting the following agreements were made for the receiver type for PDCCH/PCFICH/PHICH with simulation assumptions.
· IM receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Candidate receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Option 1: LMMSE-IRC + CRS-IC
· Option 2: E-LMMSE-IRC 
· Option 3: E-LMMSE-IRC + CRS-IC 
· Potential criteria for selection: Performance gains, Complexity, Robustness
· E-LMMSE-IRC receiver structure assumptions on  number of co-processed REs for E-LMMSE-IRC:
· Option 1 
· Colliding CRS: 2 REs for symbols #0, #1, #2 
· Non-colliding CRS: 2 REs for symbols #1 and #2; 1 RE for symbol #0. 
· Option 2 (for evaluation purpose): 
· 1 REs for both colliding and non-colliding CRS scenarios
· Common Simulation Assumptions
	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


· PDCCH/PCFICH Simulation Assumptions
	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
· Option 3: CFIS = 3, CFII = 1

	Number of PHICH groups (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 is 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

	Performance metrics
	Pm-dsg vs SINR


· PHICH Simulation Assumptions
	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

	Number of PHICH groups (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


In this contribution we provide simulation results and proposal on the receiver type under different conditions. 
2 Simulation results for PCFICH/PDCCH
The results of PDCCH are shown with dependence from PCFICH. When CFI is aligned EIRC will be applied for all CFI OFDM symbols. When CFI is not aligned e.g. CFI=3 for serving cell and CFI=1 for interfering cells, only the first OFDM symbol is applied with EIRC and the rest two OFDM symbols are applied with MMSE-IRC. For colliding CRS the iterative channel estimation is applied to improve the performance in general. For non-colliding CRS the practical time and frequency channel estimation is used.
The following figures show the performance results for both colliding and non-colliding CRS configuration with AL=2 and 4 with different variation on the neighbour cell load, CFI, w/wo CRS-IC receiver.
2.1 100% NC load
2.1.1 Colliding CRS with AL=2
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Figure 1 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=1-1
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Figure 2 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=3-3
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Figure 3 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=3-1

2.1.2 Colliding CRS with AL=4
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Figure 4 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=1-1
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Figure 5 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=3-3
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Figure 6 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=3-1

2.1.3 Non-colliding CRS with AL=2
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(a) CRS-IC off












(b) CRS-IC on
Figure 7 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1
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(a) CRS-IC off












(b) CRS-IC on
Figure 8 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-3
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(a) CRS-IC off












(b) CRS-IC on
Figure 9 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-1

2.1.4 Non-colliding CRS with AL=4
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(a) CRS-IC off












(b) CRS-IC on
Figure 10 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1
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(a) CRS-IC off












(b) CRS-IC on
Figure 11 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-3
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(a) CRS-IC off












(b) CRS-IC on
Figure 12 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-1

2.2 50% NC load
2.2.1 Colliding CRS with AL=2
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Figure 13 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=1-1

[image: image20.emf]-16 -14 -12 -10 -8 -6 -4 -2 0 2

extern.SINR

10

-4

10

-3

10

-2

10

-1

10

0

b

l

e

r

_

p

d

c

c

h

21x870  21x871  21x872  21x873

MRC

IRC

EIRC

1

EIRC

2

 
Figure 14 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=3-3
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Figure 15 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=3-1

2.2.2 Colliding CRS with AL=4
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Figure 16 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=1-1
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Figure 17 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=3-3
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Figure 18 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=3-1

2.2.3 Non-colliding CRS with AL=2
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(a) CRS-IC off












(b) CRS-IC on
Figure 19 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1
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(a) CRS-IC off












(b) CRS-IC on
Figure 20 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-3
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(a) CRS-IC off












(b) CRS-IC on
Figure 21 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-1

2.2.4 Non-colliding CRS with AL=4
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(a) CRS-IC off












(b) CRS-IC on
Figure 22 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1
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(a) CRS-IC off












(b) CRS-IC on
Figure 23 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-3
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(a) CRS-IC off












(b) CRS-IC on
Figure 24 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-1

2.3 Summary of results for PCFICH/PDCCH

Observation 1: Similar gain from different advanced receivers compared to legacy receiver for aggregation level=2 or 4 both colliding and non-colliding CRS conditions. A higher SNR can be achieved by AL=2. 
Observation 2: Up to 5dB with full load and 4dB with 50% random load can be achieved for EIRC receivers for both colliding and non-colliding CRS conditions.
Observation 3: For colliding CRS EIRC2 provides 3dB better performance than EIRC1 and MMSE-IRC receivers while EIRC1 and MMSE-IRC receivers give the same performance.
Observation 4: For non-colliding CRS EIRC3 and EIRC2 provide the best performance with or without CRS-IC. With CRS-IC it provides obvious performance improvement to MMSE-IRC receiver but not EIRC receivers.

Observation 5: With aligned CFI more gain can be achieved by EIRC receivers and with unaligned CFI still sufficient gain can be achieved by a combination of EIRC and MMSE-IRC receivers. 

Proposal 1: Define test with EIRC2 without CRS-IC for colliding CRS case and EIRC3 or EIRC2 with CRS-IC for non-colliding CRS case for PCFICH/PDCCH under synchronous network.

Proposal 2: Define test with MMSE-IRC without CRS-IC for colliding CRS case and MMSE-IRC+CRS-IC for non-colliding CRS case for PCFICH/PDCCH under synchronous network.

Proposal 3: Both full load and 50% random load can be used for interference model for PCFICH/PDCCH.

Proposal 4: Aligned CFI=3 can be used for verifying EIRC receivers and unaligned CFI=3-1 can be used for verifying MMSE-IRC+CRS-IC receivers.
3 Simulation results for PHICH

3.1 100% NC load

3.1.1 Colliding CRS
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Figure 1 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=1-1

3.1.2 Non-colliding CRS
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(a) CRS-IC off












(b) CRS-IC on
Figure 7 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1

3.2 50% NC load

3.2.1 Colliding CRS
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Figure 13 BLER of PCFICH/PDCCH with colliding CRS w/o CRS-IC with CFI=1-1

3.2.2 Non-colliding CRS
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(b) CRS-IC on
Figure 19 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1
3.3 Summary of results for PHICH

Observation 6: For non-colliding CRS EIRC3+CRS-IC provides the best performance with more than 4dB gain compared to baseline receiver for PHICH. 

Proposal 5: Define test with EIRC2 without CRS-IC for colliding CRS case and EIRC3+CRS-IC for non-colliding CRS case for PHICH under synchronous network.

Proposal 6: Define test with MMSE-IRC without CRS-IC for colliding CRS case and MMSE-IRC+CRS-IC for non-colliding CRS case for PHICH under synchronous network.

4 Test case lists for PCFICH/PDCCH and PHICH

Proposal 7: The test lists for PDCCH/PCFICH and PHICH are listed in Table 1 and 2.

4.1 PDCCH/PCFICH

Table 1 Test list for PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Antenna configuration and correlation Matrix 
	Colliding CRS/ Non-dolliding CRS
	Synchronous network/ Asynchronous network
	FDD/TDD
	NC load
	CFI
	Receiver type

	1 
	10 MHz
	2 CCE
	2 x 2 Low
	Colliding
	Sync
	Both
	50%
	CFI=3-3
	EIRC2

	1 
	10 MHz
	2 CCE
	2 x 2 Low
	Colliding
	Sync
	Both
	100%
	CFI=3-1
	MMSE-IRC

	2 
	10 MHz
	2 CCE
	2 x 2 Low
	Non-colliding
	Sync
	Both
	50%
	CFI=3-3
	EIRC3/EIRC2+CRS-IC

	3 
	10 MHz
	2 CCE
	2 x 2 Low
	Non-colliding
	Sync
	Both
	100%
	CFI=3-1
	MMSE-IRC+CRS-IC


4.2 PHICH

Table 2 Test list for PHICH

	Test number
	Bandwidth 
	Antenna configuration and correlation Matrix 
	Colliding CRS/ Non-dolliding CRS
	Synchronous network/ Asynchronous network
	FDD/TDD
	NC load
	Receiver types

	1 
	10 MHz
	2 x 2 Low
	Colliding
	Sync
	Both
	50%
	EIRC2

	2
	10 MHz
	2 x 2 Low
	Colliding
	Sync
	Both
	100%
	MMSE-IRC

	3 
	10 MHz
	2 x 2 Low
	Non-colliding
	Sync
	Both
	50%
	EIRC3+CRS-IC

	4 
	10 MHz
	2 x 2 Low
	Non-colliding
	Sync
	Both
	100%
	MMSE-IRC+CRS-IC


5 Conclusion

This contribution provides more details of different receiver types of E-IRC and results with proposals as following.
Observation 1: Similar gain from different advanced receivers compared to legacy receiver for aggregation level=2 or 4 both colliding and non-colliding CRS conditions. A higher SNR can be achieved by AL=2. 

Observation 2: Up to 5dB with full load and 4dB with 50% random load can be achieved for EIRC receivers for both colliding and non-colliding CRS conditions.

Observation 3: For colliding CRS EIRC2 provides 3dB better performance than EIRC1 and MMSE-IRC receivers while EIRC1 and MMSE-IRC receivers give the same performance.

Observation 4: For non-colliding CRS EIRC3 and EIRC2 provide the best performance with or without CRS-IC. With CRS-IC it provides obvious performance improvement to MMSE-IRC receiver but not EIRC receivers.

Observation 5: With aligned CFI more gain can be achieved by EIRC receivers and with unaligned CFI still sufficient gain can be achieved by a combination of EIRC and MMSE-IRC receivers. 

Observation 6: For non-colliding CRS EIRC3+CRS-IC provides the best performance with more than 4dB gain compared to baseline receiver for PHICH. 

Proposal 1: Define test with EIRC2 without CRS-IC for colliding CRS case and EIRC3 or EIRC2 with CRS-IC for non-colliding CRS case for PCFICH/PDCCH under synchronous network.

Proposal 2: Define test with MMSE-IRC without CRS-IC for colliding CRS case and MMSE-IRC+CRS-IC for non-colliding CRS case for PCFICH/PDCCH under synchronous network.

Proposal 3: Both full load and 50% random load can be used for interference model for PCFICH/PDCCH.

Proposal 4: Aligned CFI=3 can be used for verifying EIRC receivers and unaligned CFI=3-1 can be used for verifying MMSE-IRC+CRS-IC receivers.

Proposal 5: Define test with EIRC2 without CRS-IC for colliding CRS case and EIRC3+CRS-IC for non-colliding CRS case for PHICH under synchronous network.

Proposal 6: Define test with MMSE-IRC without CRS-IC for colliding CRS case and MMSE-IRC+CRS-IC for non-colliding CRS case for PHICH under synchronous network.

Proposal 7: The test lists for PDCCH/PCFICH and PHICH are listed in Table 1 and 2.
Table 1 Test list for PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Antenna configuration and correlation Matrix 
	Colliding CRS/ Non-dolliding CRS
	Synchronous network/ Asynchronous network
	FDD/TDD
	NC load
	CFI
	Receiver type

	1 
	10 MHz
	2 CCE
	2 x 2 Low
	Colliding
	Sync
	Both
	50%
	CFI=3-3
	EIRC2

	1 
	10 MHz
	2 CCE
	2 x 2 Low
	Colliding
	Sync
	Both
	100%
	CFI=3-1
	MMSE-IRC

	2 
	10 MHz
	2 CCE
	2 x 2 Low
	Non-colliding
	Sync
	Both
	50%
	CFI=3-3
	EIRC3/EIRC2+CRS-IC

	3 
	10 MHz
	2 CCE
	2 x 2 Low
	Non-colliding
	Sync
	Both
	100%
	CFI=3-1
	MMSE-IRC+CRS-IC


Table 2 Test list for PHICH

	Test number
	Bandwidth 
	Antenna configuration and correlation Matrix 
	Colliding CRS/ Non-dolliding CRS
	Synchronous network/ Asynchronous network
	FDD/TDD
	NC load
	Receiver types

	1 
	10 MHz
	2 x 2 Low
	Colliding
	Sync
	Both
	50%
	EIRC2

	2
	10 MHz
	2 x 2 Low
	Colliding
	Sync
	Both
	100%
	MMSE-IRC

	3 
	10 MHz
	2 x 2 Low
	Non-colliding
	Sync
	Both
	50%
	EIRC3+CRS-IC

	4 
	10 MHz
	2 x 2 Low
	Non-colliding
	Sync
	Both
	100%
	MMSE-IRC+CRS-IC
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