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1. Introduction

In RAN #73 meeting, the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was initiated [1]. In the previous RAN4#81 meeting, further agreements on the target scenarios and reference receivers for Stage 1 investigations were provided in [2]. And it is proposed to provide simulation results to identify target scenarios for requirements definition and confirm reference receiver feasibility. In this contribution, we provide the simulation results based on the agreed simulation assumptions [3] for downlink control channels on enhanced CRS-IM. The detailed simulation assumptions are attached in the Annex.
2. Simulation results
In the way forward [3], the agreed control channel test cases are proposed as shown in Table 1. 
Table 1. DL control channel 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
	PHICH
	Non-Colliding
	2
	4
	4
	4 CRS APs IM investigation

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

	5
	EPDCCH
	Non-Colliding
	4
	2
	2
	4 RX CRS IM investigation


And the following reference receivers are used for the analysis:

· Receiver #1: LMMSE-MRC (baseline)
· Receiver #2: LMMSE-IRC 
· Receiver #3: LMMSE-IRC + 1 Cell CRS-IM   (Full complexity two or four ports CRS-IM processing)
2.1 Simulation results of PDCCH
Test 1: PDCCH  4CRS APs + 2RX UE
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                                                           Figure1. BLER performance of PDCCH Test Case 1
Test 2: PDCCH  2 CRS APs + 4 RX UE
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                                                            Figure2. BLER performance of PDCCH Test Case 2
From the above link-level simulation results of the PDCCH, the performance gains of different receivers are shown in table 2. 

                               Table2. the performance gains of SNR achieving the 1% BLER performance of PDCCH

	Test Case
	MRC(dB)
	IRC(dB)
	IRC+CRS-IM(dB)
	Gains of IRC(dB)
	Gains of CRS-IM (dB)

	4CRS APs + 2RX 
CFI=2 ;   I1/Noc, I2/Noc = [13.91 dB， 3.34 dB];
	14.3
	13.6
	11.4
	0.7
	2.2

	4CRS APs + 2RX 
CFI=2 ;   I1/Noc, I2/Noc = [8.36 dB， 1.66dB];
	9.5
	9.0
	7.3
	0.5
	1.7

	4CRS APs + 2RX 
CFI=3 ;   I1/Noc, I2/Noc = [13.91 dB， 3.34 dB];
	14.0
	13.1
	12.1
	0.9
	1.0

	4CRS APs + 2RX 
CFI=3 ;   I1/Noc, I2/Noc = [8.36 dB， 1.66dB];
	9.1
	8.6
	7.7
	0.5
	0.9

	2CRS APs + 4RX 
CFI=1 ;   I1/Noc, I2/Noc = [13.91 dB， 3.34 dB];
	10.7
	5.0
	4.6
	5.7
	0.4

	2CRS APs + 4RX 
CFI=1 ;   I1/Noc, I2/Noc = [8.36 dB， 1.66dB];
	6.1
	3.3
	2.6
	2.8
	0.7

	2CRS APs + 4RX 
CFI=3 ;   I1/Noc, I2/Noc = [13.91 dB， 3.34 dB];
	11.1
	4.8
	4.7
	6.3
	1.1

	2CRS APs + 4RX 
CFI=3 ;   I1/Noc, I2/Noc = [8.36 dB， 1.66dB];
	6.3
	3.2
	3.0
	3.1
	0.2


Observation 1: 
         For scenarios of 4CRS APs and 2RX chains, the testable performance gain of LMMSE-IRC+CRS-IM receiver (about 2dB) can be achieved over the LMMSE-MRC baseline receiver.
· The gain of CRS-IM processing is more obvious than the gain of IRC processing.
· The performance gain of CRS-IM in case of CFI=2 is larger than that of the case of CFI=3.
          For scenarios of 2CRS APs and 4RX chains, large performance gains of LMMSE-IRC+CRS-IM receiver (about 3-7dB) can be achieved over the LMMSE-MRC baseline receiver.

· The performance gain mainly comes from the IRC processing.
· The performance gain of CRS-IM in case of CFI=1 is larger than that of the case of CFI=3.
2.2 Simulation results of PHICH

Test 3: PHICH  4 CRS APs + 2 RX UE
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                                                            Figure3. BLER performance of PHICH Test Case 1
Test 4: PHICH  2 CRS APs + 4 RX UE
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                                                             Figure4. BLER performance of PHICH Test Case 2
                      Table3. the performance gains of SNR achieving the 0.1% BLER performance of PHICH
	Test Case
	MRC(dB)
	IRC(dB)
	IRC+CRS-IC(dB)
	Gains of IRC(dB)
	Gains of CRS-IM (dB)

	4CRS APs + 2RX 
CFI=3;   I1/Noc, I2/Noc = [13.91 dB， 3.34 dB];
	13.6
	13.2
	11.1
	0.4
	2.1

	4CRS APs + 2RX 
CFI=3 ;   I1/Noc, I2/Noc = [8.36 dB， 1.66dB];
	8.6
	8.2
	6.7
	0.4
	1.5

	2CRS APs + 4RX 
CFI=1 ;   I1/Noc, I2/Noc = [13.91 dB， 3.34 dB];
	10.7
	5.9
	4.7
	4.8
	1.2

	2CRS APs + 4RX 
CFI=1 ;   I1/Noc, I2/Noc = [8.36 dB， 1.66dB];
	6.3
	4.3
	3.2
	2.0
	1.1


Observation 2: 
         For scenarios of 4CRS APs and 2RX chains, the testable performance gain of the LMMSE-IRC+CRS-IM receiver (about 2dB) can be achieved over the LMMSE-MRC baseline receiver.

· The gain of CRS-IM processing is more obvious than the gain of IRC processing.
          For scenarios of 2CRS APs and 4RX chains, large performance gain of the LMMSE-IRC+CRS-IM receiver (about 3-6dB) can be achieved over the LMMSE-MRC baseline receiver.

· The performance gain mainly comes from the IRC processing.
2.3 Simulation results of EPDCCH
Test 5: EPDCCH  2 CRS APs + 4 RX UE

· Model #1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB, no PDSCH interference
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· Model #2: I1/Noc = 10.44 dB; I2/Noc = 4.57  dB, 20% interference loading
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· Model #3: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB, 50% interference loading
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                        Table4. the performance gains of SNR achieving the 1% BLER performance of EPDCCH
	Test Case
	MRC(dB)
	IRC(dB)
	IRC+CRS-IC(dB)
	Gains of IRC(dB)
	Gains of CRS-IM (dB)

	EPDCCH  Test1-1
	9.6
	10.3
	4.2
	-0.7
	6.1

	EPDCCH  Test1-2
	11.5
	8.7
	6.1
	2.8
	2.6

	EPDCCH  Test1-3
	16.1
	11.7
	10.6
	4.4
	1.1


Observation 3: 
LMMSE-IRC +CRS-IM receiver can achieve large performance gain ( >5dB )  over baseline receiver LMMSE-MRC receiver in all 3 configurations.
With the increase of RU loading from 0% to 50%, the gain of CRS-IM processing is decreasing.
3. Conclusions
In this contribution, we provide our simulation results for DL control channel demodulation on enhanced CRS-IM. And according to the simulation results, the observations are given as below:
Observation 1: ( PDCCH )
         For scenarios of 4CRS APs and 2RX chains, the testable performance gain of LMMSE-IRC+CRS-IM receiver (about 2dB) can be achieved over the LMMSE-MRC baseline receiver.

· The gain of CRS-IM processing is more obvious than the gain of IRC processing.
· The performance gain of CRS-IM in case of CFI=2 is larger than that of the case of CFI=3.
          For scenarios of 2CRS APs and 4RX chains, large performance gain of LMMSE-IRC+CRS-IM receiver (about 3-7dB) can be achieved over the LMMSE-MRC baseline receiver.

· The performance gain mainly comes from the IRC processing.
· The performance gain of CRS-IM in case of CFI=1 is larger than that of the case of CFI=3.
Observation 2: ( PHICH )

         For scenarios of 4CRS APs and 2RX chains, the testable performance gain of the LMMSE-IRC+CRS-IM receiver (about 2dB) can be achieved over the LMMSE-MRC baseline receiver.

· The gain of CRS-IM processing is more obvious than the gain of IRC processing.
          For scenarios of 2CRS APs and 4RX chains, large performance gain of the LMMSE-IRC+CRS-IM receiver (about 3-6dB) can be achieved over the LMMSE-MRC baseline receiver.

· The performance gain mainly comes from the IRC processing.
Observation 3: ( EPDCCH )
LMMSE-IRC +CRS-IM receiver can achieve large performance gain ( >5dB )  over baseline receiver LMMSE-MRC receiver in all 3 configurations.

With the increase of RU loading from 0% to 50%, the gain of CRS-IM processing is decreasing.
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Annex - Simulation Assumptions

PDCCH/PCFICH simulation assumptions

Table 4 includes a list of the test cases to be used for the investigations of the CRS-IM enhancements for the PDCCH/PCFICH. The PDCCH/PCFICH simulation assumptions are provided in Table 5.

Table 4. PDCCH 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


Table 5. PDCCH/PCFICH simulation assumptions

	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

Colliding CRS: 0/6/1

	Interference power profile
	Option 1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.

Option 2: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB 

	Time offset between cells
	Cell 1: 2 µs

Cell 2: 3 µs

	Frequency offset between cells 
	Cell 1: 200 Hz

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 = 2,3

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

	Receivers
	Baseline: LMMSE-MRC.

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


PHICH simulation assumptions

Table 6 includes a list of the test cases to be used for the investigations of the CRS-IM enhancements for the PHICH. The PHICH simulation assumptions are provided in Table 7.

Table 6. 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


Table 7. PHICH simulation assumptions

	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

Colliding CRS: 0/6/1

	Interference power profile
	Option 1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.

Option 2: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB

	Time offset between cells
	Cell 1: 2 µs

Cell 2: 3 µs

	Frequency offset between cells 
	Cell 1: 200 Hz

Cell 2: 300 Hz

	Channel model
	EPA-5Hz for all links

	PHICH duration
	· Test #1: Extended

· Test #2: Normal

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

	PDCCH/PCFICH/PHICH parameters
	PHICH Ng = 1,  FRC: R.19 in the TS 36.101

Test #1: CFI = 3

Test #2: CFI = 1

	Receivers
	Baseline: LMMSE-MRC.

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


EPDCCH simulation assumptions

Table 8 includes a list of the test cases to be used for the investigations of the CRS-IM enhancements for the EPDCCH. The EPDCCH simulation assumptions are provided in Table 9.

Table 8. EPDCCH test cases

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

	
	
	
	
	Serv. cell
	Interf. cell
	

	1
	EPDCCH
	Non-Colliding
	4
	2
	2
	4 RX CRS IM investigation


Table 9. EPDCCH simulation assumptions

	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

Colliding CRS: 0/6/1

	Time offset between cells
	Cell 1: 2µs

Cell 2: 3µs

	Frequency offset between cells 
	Cell 1: 200 Hz

Cell 2: 300 Hz

	Channel model
	EPA-5Hz for all links

	Interference model and power profile
	Model #1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB, no PDSCH interference

Model #2: I1/Noc = 10.44 dB; I2/Noc = 4.57  dB, 20% interference loading

Model #3: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB, 50% interference loading 

	EPDCCH
	AL 2, Localized EPDCCH

DCI Format 2C (44 bits – FDD, 47 bits – TDD)

EPDCCH starting symbol is 2. CFI = 1. EPDCCH starting symbol is RRC configured.

Aligned control regions and EPDCCH starting symbols in the serving and interference cells

Number of EPDCCH Sets Configured = 1

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

	Receivers
	Baseline: LMMSE-MRC.

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