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1
Introduction
In RAN4 #59AH, it is proposed that PDCCH performance simulation in eICIC should be compared between companies and the simulation assumption is described in [1]. In this document, we provide our simulation results of PDCCH in eICIC and make recommendations on how to select test cases for eICIC PDCCH.
2
Simulation assumption
The simulation assumption is based on [1], as shown in table 1.

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.

Note3: 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
Table 2 is the PDCCH performance for scenario 1, non-MBSFN ABS, CFI=2 for 4CCE with PCFICH decoding, CFI=3 for 8CCE without PCFICH decoding. Figures 1 to Figure 4 are the curves of BLER vs. serving cell SNR for different interference levels.
Table 2 eICIC PDCCH performance for scenario 1, non-MBSFN ABS
	
	1% BLER SNR (dB)

	
	CFI=2, 4CCE, non-colliding CRS
	CFI=3, 8CCE, non-colliding CRS
	CFI=2, 4CCE, colliding CRS
	CFI=3, 8CCE, colliding CRS

	I/N = 1dB
	-2.07
	-4.67
	-1.96
	-4.52

	I/N = 5dB
	-0.59
	-3.69
	-1.30
	-3.68

	I/N = 10dB
	3.15
	-0.42
	1.22
	-1.54
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Figure 1                                               Figure 2
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Figure 3                                           Figure 4
Table 3 is the PDCCH performance for scenario 1 with MBSFN ABS and colliding CRS. Figure 5 and Figure 6 are the curves of BLER vs. serving cell SNR for different interference levels.
Table 3 eICIC PDCCH performance for scenario 1, MBSFN ABS, colliding CRS
	
	1% BLER SNR (dB)

	
	CFI=2, 4CCE,
	CFI=3, 8CCE, 

	I/N = 1dB
	-2.24
	-5.00

	I/N = 5dB
	-1.81
	-4.08

	I/N = 10dB
	0.00
	-2.32
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Figure 5                                       Figure 6

For scenario 1, we have the following observations:
1.  CFI3-CCE8 has 2.5dB-3.0dB gain over CFI2-CCE4 for different interference levels.

2. MBSFN ABS with colliding CRS has a better performance than non-MBSFN with colliding CRS. It’s because CRS’s after symbol 3 are not subject to interference in MBSFN ABS subframes, making channel estimation more accurate.
3. For non-MBSFN ABS, it is interesting to note that non-colliding CRS is not always better than colliding CRS at different ABS interference levels. Non-colliding CRS has slightly better performance with low interference and worse performance with high interference. This means that different ABS interference level has different impact on the channel estimation and PDCCH demodulation.
4. The simulation also shows that at I/N=5 dB 1% PCFICH/PDCCH BLER can not be met at -4 dB SNR given CCE=4. This observation should be considered when choosing a side condition for eICIC cell identification, as a reasonable side condition should allow UE to maintain the in-sync status of radio link monitoring.
Table 4 includes the PDCCH performance for scenario 2 when the interference cell does not have ABS subframe., Figure 7 to Figure 10 are the curves of BLER vs. serving cell SNR for different interference levels.
Table 4 eICIC PDCCH performance for scenario 2, non-MBSFN ABS
	
	1% BLER SNR (dB)

	
	CFI=2, 4CCE, non-colliding CRS
	CFI=3, 8CCE, non-colliding CRS
	CFI=2, 4CCE, colliding CRS
	CFI=3, 8CCE, colliding CRS

	I/N = 1dB
	1.70
	-1.63
	1.19
	-1.72

	I/N = 3dB
	2.55
	0.10
	2.64
	-0.28

	I/N = 5dB
	3.97
	1.54
	4.49
	1.71

	I/N = 7dB
	5.79
	3.49
	5.89
	3.23
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              Figure 7                                          Figure 8
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                   Figure 9                                            Figure 10
Table 5 is the PDCCH performance for scenario 2 using the MBSFN scheduling pattern. Figure 11 and Figure 12 are the curves of BLER vs. serving cell SNR for different interference levels.
Table 5 eICIC PDCCH performance for scenario 2, MBSFN ABS, colliding CRS
	
	1% BLER SNR (dB)

	
	CFI=2, 4CCE,
	CFI=3, 8CCE, 

	I/N = 1dB
	1.17
	-1.45

	I/N = 3dB
	2.47
	0.05

	I/N = 5dB
	4.35
	1.45

	I/N = 7dB
	5.75
	3.00
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                    Figure 11                                         Figure 12
For scenario 2, since each sub-frames of interference cell are normal sub-frame, and both PDCCH and CRS resource element have the same level interference, there is no big difference between colliding and non-colliding CRS case, non-MBSFN and MBSFN ABS. For different CFI and CCE, CFI3-CCE8 has 2.5dB-3.0dB gain over CFI2-CCE4 for different interference level.
From the simulation results, we have following proposal:

Proposal 1: For scenario 1, since different interference levels have different impacts on the performance of PDCCH, different performance requirements should be considered for cases, like colliding and non-colliding CRS, MBSFN and non-MBSFN ABS. It is recommended that a reasonable I/N should be chosen first to reflect typical usage. Based on the I/N, decision can be made on whether separate tests are needed for colliding vs. non-colliding CRS and non-MBSFN vs. MBSFN. 
Proposal 2: For scenario 2, since the CRS and data resource element have the same interference,  it is not necessary to consider different test cases for colliding and non-colliding CRS. Moreover, since the interference and noise property is the same as Rel-8 case, new performance tests and requirements for scenario 2 eICIC are not necessary.

Proposal 3: The performance of PCFICH/PDCCH should be considered in decision of side conditions of cell identification requirements.
4
Conclusions

This contribution provides simulation results of PDCCH performance of eICIC, it is proposed these results are used for PDCCH performance alignment with other source.
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