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1 Introduction
In RAN4 #59AH, it was proposed that PDCCH performance in eICIC should be compared between companies and the simulation assumption was described in [1]. In RAN4#60, interested companies submitted their PDCCH simulation results[2-6], however there is still no consensus on the interference level and colliding/non-colliding RS in non-MBSFN ABS. In this document, we provide our simulation results for PDCCH in eICIC with both colliding RS and non-colliding RS, assuming interference level of 1dB, 5dB and 10dB respectively.
2 PDCCH Simulation Assumption
The PDCCH simulation assumptions are listed in Table 1, which was provided in [1] and copies here for further reference.

Table 1: Link level simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz carrier

	System bandwidth
	10 MHz

	Antenna configuration and configuration matrix
	2x2 low in both cells

	Power allocation
	PCFICH_RA

PDCCH_RA
	-3 dB

	
	PCFICH_RB
PDCCH_RB
	-3 dB

	Radio channel
	EVA5 in serving and interfering cell

different seeds for both channels

additional delay (e.g. 2.5 (s) for interfering cell with respect to interfering cell

	ABS Configuration
	1) Non-MBSFN with non-colliding RS

2) Non-MBSFN with colliding RS

3) MBSFN with colliding RS

	Reference signals
	1) Non-colliding RS
mod(PCI1,3)!=mod(PCI2,3)
2) Colliding RS

mod(PCI1,3)=mod(PCI2,3)

	Control Format Indicator (CFI)
	CFI = 2 (PCFICH decoding included)

CFI = 3 (PCFICH decoding not needed)

	Aggregation level
	4 and 8 CCE

	PDCCH payload (including 16 bits CRC)
	47 bits

	Tx EVM
	6% 

	Serving Cell SNR
	Variable range

	Interfering cell SNR
	Scenario 1: 1 dB, 5 dB, [10] dB 
Scenario 2: 1 dB, 3 dB, 5 dB, 7 dB

	Detector and channel estimator of UE
	Rel-8/9 baseline receiver and channel estimator

	Inter cell interference
	Explicitly modelled in ABS and non-ABS

	Channel Estimation at UE
	Realistic channel estimation over CRS

	Scenario 1

(to be simulated for colliding and non-colliding RS)
	Scheduling patterns in the serving cell:  

[10000000] for non –MBSFN ABS
[1000010000 1000000000] for MBSFN ABS

ABS bitmap in the interfering cell: 

[10000000] for non-MBSN ABS  

[1000010000 1000000000] for MBSFN ABS

	Scenario 2

(to be simulated for colliding and non-colliding RS)
	Scheduling pattern in the serving cell:

[10000000] for non –MBSFN ABS
[1000010000 1000000000] for MBSFN ABS

ABS bitmap in the interfering cell:

[00000000] for non-MBSFN ABS

[0000000000] for MBSFN ABS

	Note 1: The ABS and scheduling patterns above are used for simulation purposes only. The patterns to be defined for the demod tests are FFS.

Note 2: It is left to each company to choose the simulation scenarios according to their preference and simulation capability.

Note 3: The purpose of the simulation campaign is to compare PDCCH performance. Priority is on scenario 1.

Note 4: The interfering cell SNR values require further verification for the definition of the test cases.


3 Simulation Results
The simulation results for PDCCH are given in Fig. 1 to Fig. 3 with both colliding RS and non-colliding RS in non-MBSFN ABS. In order to get a further comparison, both CFI=2 and CFI=3 are simulated under 4CCE and result of CFI=3 is also given under 8CCE.
· CCE=4 & CFI=2 
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Fig.1
PDCCH BLER under CCE=4 & CFI=2 (PCFICH decoding included)

· CCE=4 & CFI=3
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Fig.2
PDCCH BLER under CCE=4 & CFI=3 (PCFICH decoding not needed)

· CCE=8 & CFI=3
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Fig.3
PDCCH BLER under CCE=8 & CFI=3 (PCFICH decoding not needed)
Observation 1: In the case of CFI=3, PCFICH decoding is not included. The cases with non-colliding RS are always better than those with colliding CRS at inference level 1dB, 5dB, 10dB. The performance degrades with increasing inter cell interference.
Observation 2: In the case of CFI=2, being impacted by decoding errors of PCFICH,  the cases with non-colliding RS will not always get better performances than those with colliding RS, especially when the SNR grows. The performance difference is more obvious when the interference level is high.
Observation 3: The more number of CCEs is used, the better BLER performance could be got for PDCCH and the more significant performance difference could be observed between colliding RS and non-colliding RS.

4 Conclusion

In this contribution, PDCCH simulation results for eICIC are given for scenario 1 with colliding RS and non-colliding RS in non-MBSFN ABS. It is proposed that these simulation results are used for PDCCH performance alignment.
Based on the simulation results, there are two observations:
1) In the case of CFI=3, the BLER performance of non-colliding RS is always better than that of colliding RS since the CRS in ABS subframe of Macro cell bring great interference to the channel estimation of the Pico cell. Moreover, the performance difference is more obvious with increasing of CCE number and the interference level.

2) In the case of CFI=2, decoding error of PCFICH is considered. It may lead to a possible cross of BLER curves for colliding RS and non-colliding RS when SNR grows. A better BLER performance could be got for colliding RS because of the decoding error of PCFICH. The more number of CCE is used, the more light CRS interference is obtained from ABS subframe in non-colliding RS case.
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