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1. Introduction
As RAN approved a new Rel-14 RAN4 WI [1] “Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements for LTE”, RAN4 started discussion for enhanced CRS-IM performance requirements in RAN4 #80bis. As a first step, RAN4 is supposed to investigate performance benefits and feasibility of using CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas. RAN4 agreed a WF [2] and simulation assumption [3] to initiate simulation study. In this contribution, we provide simulation results for PDCCH based on WF and our view on performance benefits and feasibility of enhanced CRS-IM receiver for control channel. 

2. Discussion

2.1. Simulation results for PDCCH
In Rel-13, RAN4 specified control channel demodulation performance with interference mitigation. Two types of interference mitigation receiver were introduced, i.e., type A receiver with MMSE-IRC + CRS-IM and type B receiver with E-MMSE-IRC + CRS-IM. Note that Rel-13 requirements are specified for the case with 2 CRS ports for both serving and interference cells and 2 Rx antenna on UE. In Rel-14 WI for enhanced CRS-IM, focus is to extend the coverage of type A receiver to include different number of CRS APs (2, 4) and different number of UE receive antennas. In agreed simulation assumption, following test scenarios are identified for initial evaluation. 
We ran simulation for following cases. Figure 1~3 show simulation results. 
· Test 1: 4 CRS ports for serving cell and 4 CRS ports for interference cell, 2 Rx UE
· Test 2: 2 CRS ports for serving cell and 2 CRS ports for interference cell, 2 Rx UE & 4 Rx UE

From the simulation results, we can observe that

· For 2 CRS port case, performance gain of type A receiver is mainly obtained by interference suppression by IRC operation. Additional gain from CRS-IM is around 0.5dB or smaller. 

· For 2 CRS port case, 4 Rx UE can provide significantly higher IRC gain than 2 Rx UE. CRS-IM gain is similar between 2 Rx UE and 4 Rx UE. 
· For 4 CRS port case, performance gain from IRC is smaller than 2 CRS case. In MMSE-IRC receiver, single noise/interference covariance matrix is calculated per-RB for spatial whitening but data tones are transmitted alternately from antenna port 0/1 and 2/3. UE MMSE-IRC receiver cannot achieve optimal interference suppression. 

Table 1. PDCCH test cases for initial evaluation

	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
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Figure 1. Test 1 for 2 Rx UE
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Figure 2. Test 2 for 2 Rx UE

[image: image5.emf]-4 -2 0 2 4 6 8 10 12 14 16

SNR (dB)

10

-3

10

-2

10

-1

10

0

P

D

C

C

H

 

B

L

E

R

FDD 4Rx PDCCH AL=2, INR1=13.91dB, INR2=3.34dB

IRC CRS-IM enabled

IRC CRS-IM disabled

MRC CRS-IM enabled

MRC CRS-IM disabled

 [image: image6.emf]0 2 4 6 8 10 12 14 16 18 20

SNR (dB)

10

-3

10

-2

10

-1

10

0

P

D

C

C

H

 

B

L

E

R

FDD 4Rx PDCCH AL=1, INR1=13.91dB, INR2=3.34dB

IRC CRS-IM enabled

IRC CRS-IM disabled

MRC CRS-IM enabled

MRC CRS-IM disabled


[image: image7.emf]-4 -2 0 2 4 6 8 10 12

SNR (dB)

10

-3

10

-2

10

-1

10

0

P

D

C

C

H

 

B

L

E

R

FDD 4Rx PDCCH AL=2, INR1=8.36dB, INR2=1.66dB

IRC CRS-IM enabled

IRC CRS-IM disabled

MRC CRS-IM enabled

MRC CRS-IM disabled

 [image: image8.emf]-4 -2 0 2 4 6 8 10 12 14 16

SNR (dB)

10

-3

10

-2

10

-1

10

0

P

D

C

C

H

 

B

L

E

R

FDD 4Rx PDCCH AL=1, INR1=8.36dB, INR2=1.66dB

IRC CRS-IM enabled

IRC CRS-IM disabled

MRC CRS-IM enabled

MRC CRS-IM disabled


Figure 3. Test 2 for 4 Rx UE
2.2. Test feasibility for PDCCH
For 2 CRS port case, performance gain is mainly coming from IRC operation. Additional performance gain from CRS-IM is very small. Therefore, feasibility of test case really depends on which receiver is considered up as baseline receiver. If we consider MMSE-IRC receiver as baseline receiver, additional gain from enhanced receiver is marginal and thus it is difficult to justify specification of new performance requirement. 
On the other hand, if we consider MMSE-MRC receiver as reference receiver, then there would be enough gain to justify introduction of new performance requirement but now enhancement over baseline receiver includes both IRC and CRS-IM. Though this approach allows justification of new performance requirement, it seems to require modification of WI objective since current WI objective does not have 4 Rx IRC for control channel. 
· 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:

Proposal 1. Since performance gain of 4 Rx type A receiver is mainly obtained from IRC operation, WI objective needs to be modified if RAN4 wants to introduce 4 Rx type A receiver test for PDCCH. 
Other aspect to consider is that 4 Rx IRC performance requirement was specified for PDSCH in Rel-13 4 Rx WI. 4 Rx UE is supposed to implement 4 Rx IRC operation at least for PDSCH. Then, obvious question is whether verification of IRC receiver implementation for PDCCH/PHICH warrants introduction of separate control channel demodulation test. Since IRC operation, i.e., noise/interference covariance matrix based on CRS and spatial whitening, is basic operation, it could be redundant to specify separate test for PDSCH and PDCCH. 
Proposal 2. RAN4 should investigate whether separate PDSCH and PCCH demodulation tests are required to verify 4 Rx MMSE-IRC receiver performance. 

For 4 CRS port case, performance gain of MMSE-IRC + CRS-IM receiver is only around 1dB due to non-optimal IRC performance. Performance gain is too small to justify new performance requirements. 
Proposal 3. Type A receiver cannot provide enough gain to justify new PDCCH demodulation test case for 4 CRS case. 

2.3. Test feasibility for PHICH
PHICH demodulation would benefit from the same MMSE-IRC and CRS-IM operation for PDCCH. In our view, specifying separate test for PDCCH and PHICH is redundant. 
Proposal 4. RAN4 should deprioritize PHICH demodulation test in enhanced CRS-IM WI. 

2.4. Test feasibility for EPDCCH
PHICH demodulation would benefit from the same MMSE-IRC and CRS-IM operation for TM9 PDSCH. Since complete suite of tests will be defined for TM9 PDSCH to cover different number of CRS APs (2, 4) and different number of UE receive antennas, verification of TM9 PDSCH demodulation performance would guarantee same performance enhancement for EPDCCH. 
Proposal 5. RAN4 should deprioritize EPDCCH demodulation test in enhanced CRS-IM WI.
3. Conclusions

In this contribution, we provided simulation results for PDCCH based on WF and our view on feasibility of enhanced CRS-IM receiver for control channel. Our proposals are
Proposal 1. Since performance gain of 4 Rx type A receiver is mainly obtained from IRC operation, WI objective needs to be modified if RAN4 wants to introduce 4 Rx type A receiver test for PDCCH. 

Proposal 2. RAN4 should investigate whether separate PDSCH and PCCH demodulation tests are required to verify 4 Rx MMSE-IRC receiver performance. 

Proposal 3. Type A receiver cannot provide enough gain to justify new PDCCH demodulation test case for 4 CRS case. 

Proposal 4. RAN4 should deprioritize PHICH demodulation test in enhanced CRS-IM WI. 

Proposal 4. RAN4 should deprioritize EPDCCH demodulation test in enhanced CRS-IM WI.
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