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1
Introduction
This contribution provides preliminary simulation results (without receiver impairments) for PDCCH demodulation requirements for eICIC. Simulation parameters comply with the ones listed in [1].
2
PDCCH performance evaluation
PDCCH demodulation performance is investigated under the assumptions in [1]. Performance is shown in terms of block error rate (BLER) vs. serving cell signal-to-noise ratio (SNR) for given interferer cell SNR ({-100, 0, 5, 10} [dB]). The single-cell case serves as reference (interferer SNR set to -100 dB). Error propagation due to erroneous decoding of PCFICH/PDCCH is accounted for when CFI=2 while for CFI=3 it is assumed that UE skips PCFICH decoding as it is aware of the width of the control region via the prior knowledge of extended PHICH duration. The required serving cell SNR for achieving performance targets of 1% BLER is tabulated in Section 2.2 for each simulated case. The following scenarios are evaluated in simulation:
· Scenario 1: Non-MBSFN-ABS interference & non-colliding CRS

· Scheduling patterns in the serving cell: [10000000]

· ABS bitmap in the interfering cell: [10000000]

· Scenario 1: Non-MBSFN-ABS interference & colliding CRS

· Scheduling patterns in the serving cell: [10000000]

· ABS bitmap in the interfering cell: [10000000]

· Scenario 1: MBSFN-ABS interference & colliding CRS

· Scheduling patterns in the serving cell: [1000010000 1000000000] 

· ABS bitmap in the interfering cell: [1000010000 1000000000]
· Scenario 2: Normal subframe interference & non-colliding CRS

· Scheduling patterns in the serving cell: [10000000]  
· ABS bitmap in the interfering cell: [00000000]
2.1
Simulation results
Simulation results as well as BLER vs. SNR plots are provided in the attached Excel spreadsheet:
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2.2
Summary

This section provides a summary of results in the form of tabulated values of SNR thresholds for 1% PDCCH BLER performance target. The relative gap to the single-cell case (reference) is also provided in square brackets.

Table 1: Scenario 1: Non-MBSFN-ABS & non-colliding CRS
	CFI, aggr. level
	Single cell
	Interferer SNR=1dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	CFI=2, CCE=4
	-3.21
	[REF]
	-2.63
	[+0.58]
	-1.51
	[+1.70]
	1.48
	[+4.69]

	CFI=3, CCE=4
	-3.30
	[REF]
	-2.89
	[+0.41]
	-2.46
	[+0.83]
	-1.08
	[+2.21]

	CFI=2, CCE=8
	-5.20
	[REF]
	-3.96
	[+1.24]
	-2.08
	[+3.12]
	+1.31
	[+6.51]

	CFI=3, CCE=8
	-6.09
	[REF]
	-5.62
	[+0.47]
	-5.16
	[+0.94]
	-3.75
	[+2.34]


Table 2: Scenario 1: Non-MBSFN-ABS & colliding CRS
	CFI, aggr. level
	Single cell
	Interferer SNR=1dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	CFI=2, CCE=4
	-3.33
	[REF]
	-2.63
	[+0.70]
	-1.78
	[+1.55]
	+0.12
	[+3.45]

	CFI=3, CCE=4
	-3.25
	[REF]
	-2.66
	[+0.60]
	-1.69
	[+1.56]
	-0.14
	[+3.12]

	CFI=2, CCE=8
	-5.30
	[REF]
	-4.45
	[+0.85]
	-3.55
	[+1.76]
	-1.57
	[+3.73]

	CFI=3, CCE=8
	-6.00
	[REF]
	-4.99
	[+1.01]
	-3.88
	[+2.12]
	-2.28
	[+3.72]


Table 3: Scenario 1: MBSFN-ABS & colliding CRS
	CFI, aggr. level
	Single cell
	Interferer SNR=1dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	CFI=2, CCE=4
	-3.28
	[REF]
	-3.17
	[+0.11]
	-2.79
	[+0.49]
	-2.18
	[+1.10]

	CFI=3, CCE=4
	-3.33
	[REF]
	-3.04
	[+0.28]
	-2.89
	[+0.43]
	-2.02
	[+1.30]

	CFI=2, CCE=8
	-5.33
	[REF]
	-5.07
	[+0.26]
	-4.78
	[+0.55]
	-3.88
	[+1.46]

	CFI=3, CCE=8
	-5.90
	[REF]
	-5.79
	[+0.12]
	-5.13
	[+0.77]
	-4.57
	[+1.33]


Table 4: Scenario 2: Normal subframe & non-colliding CRS 
	CFI, aggr. level
	Single cell
	Interferer SNR=1dB
	Interferer SNR=3dB
	Interferer SNR=5dB
	Interferer SNR=7dB

	CFI=2, CCE=4
	-3.22
	[REF]
	+0.22
	[+3.44]
	+1.67
	[+4.88]
	+3.02
	[+6.24]
	+4.61
	[+7.83]

	CFI=3, CCE=4
	-3.37
	[REF]
	+0.25
	[+3.62]
	+1.64
	[+5.01]
	+2.90
	[+6.27]
	+4.55
	[+7.92]

	CFI=2, CCE=8
	-5.29
	[REF]
	-1.76
	[+3.53]
	-0.64
	[+4.65]
	+0.69
	[+5.99]
	+2.42
	[+7.72]

	CFI=3, CCE=8
	-5.87
	[REF]
	-2.69
	[+3.18]
	-1.37
	[+4.50]
	+0.23
	[+6.10]
	+1.68
	[+7.55]


3
Discussion
On the basis of the results in Sections 2.2, we make the following observations:
Observations on Scenario 1:
· For colliding and non-colliding CRS, non-MBSFN-ABS interference with 5-10 dB above noise power has significant impact to PDCCH demodulation assuming Rel-8/9 receiver, which confirms earlier findings in [2]

 REF _Ref300674568 \r \h 
[3]. 

· MBSFN-ABS with colliding CRS shows better performance because it avoids PDCCH puncturing and at the same time limits the impact to channel estimation. 
· The impact of erroneous PCFICH decoding is the most significant for 8 CCEs (i.e. lowest channel coding rate) because it sets the PDCCH operating point close to the one of PCFICH which performance becomes a limiting factor. This is well-known fact from Rel-8/9 studies and confirms the results in [2]

 REF _Ref300674568 \r \h 
[3].
· Setting CFI=3 and skipping PCFICH detection offers the most robust solution for 8 CCEs. 

· We further observe for colliding CRS that the difference between CFI=2 and CFI=3 is significantly less than for the non-colliding case and remains rather flat when the interferer SNR level increases. 
Based on the above observations and bearing in mind that one should limit the overall number of test cases while ensure sufficient test coverage (i.e. test both values of CFI & test both non-MBSFN-/MBSFN-ABS configurations), we make the following compromise proposal:

Proposal 1: 
CFI=3 & CCE=8 for PDCCH test cases with non-MBSFN-ABS and non-colliding CRS;
CFI=2 & CCE=4 for PDCCH test cases with MBSFN-ABS and colliding CRS.

Additional remarks on Scenario 1 with non-MBSFN-ABS and colliding CRS:
Results for non-MBSFN-ABS and colliding CRS show that:

· Performance is inferior to MBSFN-ABS and colliding CRS in all cases, as expected;
· Performance is inferior to non-MBSFN-ABS when CFI=3 but slightly superior for CFI=2, which is due to the impact of PCFICH decoding.
One should bear the following in mind prior to deriving potential test cases. It has been agreed so far to retain two configurations for RLM/RRM requirements: non-colliding CRS with non-MBSFN-ABS and colliding CRS for MBSFN-ABS. Based on practical network planning considerations, it is proposed in [5] to assess the UE demodulation performance with non-MBSFN-ABS with colliding CRS as a baseline. It should be noted that the main reason for not including colliding CRS with non-MBSFN-ABS configuration so far stems from the assumption on using a Rel-8/9 baseline receiver:
· Under non-MBSFN-ABS with colliding CRS, there is no difference between ABS and non-ABS subframes from RLM/RRM measurement perspective as well as from CSI (CQI/PMI/RI) measurement perspective.
Measurement restrictions for RLM/RRM and CSI become effectively useless under non-MBSFN-ABS with colliding CRS as they are not reflected in UE measurements. UE demodulation under colliding CRS is discussed in more details in a companion paper [6]. Therefore, even though PDCCH demodulation would be technically possible, PDSCH link adaptation gets extremely challenging under eICIC interference. Based on the above considerations and because of needed consistency with existing agreements for RLM/RRM, we propose that: 
Proposal 2: 
PDCCH test cases with non-MBSFN-ABS assume non-colliding CRS and the colliding CRS case is tackled through MBSFN-ABS.
Observations on Scenario 2:
It has been agreed during RAN4#59AH to evaluate PDCCH demodulation performance under non-ABS subframe interference, i.e. explicitly modelled full load interference from the neighboring cell. As expected, the results are as such consistent with Rel-8/9 single-cell performance under AWGN interference at comparable SINR level. In Figures 1-4 below, plain lines depict the BLER vs. SNR performance with explicitly modelled full load interference from the neighboring cell at levels of {1, 3, 5, 7} [dB]. The dashed curves are interpolated by reading the single-cell curve (in black) at the correct SINR point, i.e. by taking serving cell and interfering cell SNRs into account. There is indeed a very close match between the curves for AWGN (i.e. Rel-8/9 like performance) and the ones for explicitly modelled interference, especially at the 1% target BLER which is the point of interest for PDCCH demod.
From demod perspective, the situation gets hence close-to-identical to Rel-8/9. One may question the need and added value for defining PDCCH demod requirements under non-ABS interference for eICIC as the ones from Rel-8/9 would already verify the performance. On the contrary, from CSI perspective, it is seen as critical to define requirements for both CSI subsets or in other words for ABS and non-ABS type of interference. Given the tight timeframe to finalize the work on eICIC, we propose:
Proposal 3: 
Start defining PDCCH demod test cases under ABS type of interference. PDCCH demod test cases assuming non-ABS interference can be introduced at later stage provided that their need is justified.
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Figure 1: Normal subframe interference & non-colliding CRS, 4 CCE, CFI=2
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Figure 2: Normal subframe interference & non-colliding CRS, 4 CCE, CFI=3
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Figure 3: Normal subframe interference & non-colliding CRS, 8 CCE, CFI=2
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Figure 4: Normal subframe interference & non-colliding CRS, 8 CCE, CFI=3


General remarks:

RAN4 should now discuss the interfering cell SNR level for PDCCH test cases. To our view, the latter should be chosen such that it remains coherent with the side conditions on the interference level for cell search as well as RLM/RRM (currently 1 dB and 5 dB, respectively). Given these aspects, we believe that an interfering cell SNR chosen between 1-5 dB would be appropriate.
Proposal 4: 
Choose an interfering cell level between 1-5 dB for PDCCH test cases.
4
Conclusion
This contribution provided preliminary simulation results without receiver impairments for PDCCH demodulation under Rel-10 TDM eICIC. Based on analysis in this document, we formulate the following proposals:
Proposal 1: 
CFI=3 & CCE=8 for PDCCH test cases with non-MBSFN-ABS and non-colliding CRS;

CFI=2 & CCE=4 for PDCCH test cases with MBSFN-ABS and colliding CRS.

Proposal 2: 
PDCCH test cases with non-MBSFN-ABS assume non-colliding CRS and the colliding CRS case is tackled through MBSFN-ABS.

Proposal 3: 
Start defining PDCCH demod test cases under ABS type of interference. PDCCH demod test cases assuming non-ABS interference can be introduced at later stage provided that their need is justified.

Proposal 4: 
Choose an interfering cell level between 1-5 dB for PDCCH test cases.
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Simulation assumptions

		Evaluation of PDCCH performance in eICIC: simulation assumptions below from R4-113938

		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		-3 dB

				PDCCH_RA

				PCFICH_RB		-3 dB

				PDCCH_RB

		Radio channel				EVA5 in serving and interfering cell

						different seeds for both channels

						additional delay (e.g. 2.5 ms) 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				Scheduling patterns in the serving cell:

		(to be simulated for colliding and non-colliding RS)				[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

						Scheduling pattern in the serving cell:

		Scenario 2				[10000000] for non –MBSFN ABS

		(to be simulated for colliding and non-colliding RS)				[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.





Non-MBSFN-ABS, non-colliding RS

		Non-MBSFN-ABS, non-colliding RS, CCE=4, CFI=2

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		1		0.99995		1		1						SNR[dB] @1% BLER		-3.21		-2.63		-1.51		1.48

		-13		0.99995		1		0.99995		1

		-12		0.9992		0.9995		0.99995		1

		-11		0.99525		0.9979		0.99945		1

		-10		0.97585		0.98865		0.99445		0.9995

		-9		0.9074		0.9523		0.97535		0.99735

		-8		0.73615		0.8362		0.9048		0.9869

		-7		0.5192		0.63195		0.7621		0.9523

		-6		0.2751		0.38155		0.5613		0.8623

		-5		0.10865		0.17755		0.308		0.6995

		-4		0.0265		0.06135		0.15425		0.484

		-3		0.0077		0.0183		0.0458		0.27965

		-2		0.0013		0.0036		0.01945		0.1516

		-1		0.0001		0.0008		0.00495		0.0707

		0				0.0002		0.0014		0.0324

		1						0.0005		0.0145

		2						0.0001		0.00665

		3						0.00005		0.0023

		4								0.0016

		5								0.00055

		6								0.00015

		Non-MBSFN-ABS, non-colliding RS, CCE=4, CFI=3

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		1		1		0.99995		1						SNR[dB] @1% BLER		-3.30		-2.89		-2.46		-1.08

		-13		0.9998		0.99995		0.9999		0.99995

		-12		0.99935		0.99955		0.99955		0.99985

		-11		0.99485		0.9966		0.9983		0.99935

		-10		0.9758		0.9805		0.9906		0.99795

		-9		0.90865		0.93525		0.95585		0.9883

		-8		0.74265		0.8197		0.8615		0.94855

		-7		0.50625		0.5817		0.68335		0.856

		-6		0.2671		0.33055		0.4216		0.6999

		-5		0.10245		0.14625		0.1946		0.4511

		-4		0.03215		0.04305		0.0764		0.23305

		-3		0.0061		0.0127		0.0184		0.11325

		-2		0.0013		0.0015		0.0059		0.0362

		-1		0.0001		0.00025		0.0004		0.0089

		0						0.00005		0.0026

		1								0.00045

		2

		3

		4

		5

		6

		Non-MBSFN-ABS, non-colliding RS, CCE=8, CFI=2

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		0.99895		0.99975		0.99985		1						SNR[dB] @1% BLER		-5.20		-3.96		-2.08		1.31

		-13		0.9914		0.9971		0.9994		0.99995

		-12		0.9683		0.98655		0.9959		0.99985

		-11		0.8615		0.9338		0.98025		0.99865

		-10		0.65545		0.8023		0.9184		0.99355

		-9		0.41585		0.5971		0.77365		0.9734

		-8		0.20145		0.3566		0.57625		0.9071

		-7		0.07685		0.173		0.3665		0.78505

		-6		0.02295		0.07755		0.1816		0.6079

		-5		0.00815		0.02965		0.09235		0.3966

		-4		0.00205		0.01025		0.0427		0.23285

		-3		0.00095		0.00575		0.0206		0.1389

		-2		0.00015		0.00115		0.0094		0.0811

		-1				0.00015		0.00435		0.0468

		0				0.0002		0.00125		0.02615

		1				0.00005		0.0006		0.01295

		2						0.0001		0.00565

		3						0.00005		0.00275

		4								0.00145

		5								0.00035

		6

		Non-MBSFN-ABS, non-colliding RS, CCE=8, CFI=3

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		0.99855		0.999		0.9997		0.9999						SNR[dB] @1% BLER		-6.09		-5.62		-5.16		-3.75

		-13		0.9914		0.9937		0.9957		0.99945

		-12		0.95615		0.971		0.98545		0.99615

		-11		0.84095		0.87265		0.9224		0.98205

		-10		0.63		0.72315		0.78295		0.9365

		-9		0.3511		0.4573		0.5338		0.7857

		-8		0.15915		0.20085		0.3054		0.5961

		-7		0.0481		0.06755		0.1114		0.3525

		-6		0.0085		0.02015		0.03445		0.15215

		-5		0.00215		0.0032		0.00795		0.05405

		-4		0.00015		0.0003		0.00105		0.0159

		-3		0.00005		0.00015		0.00015		0.0024

		-2								0.00045

		-1						0.00005

		0
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		Non-MBSFN-ABS, colliding RS, CCE=4, CFI=2

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		1		1		1		0.9999						SNR[dB] @1% BLER		-3.33		-2.63		-1.78		0.12

		-13		0.9998		0.9999		1		1

		-12		0.99965		1		0.99995		1

		-11		0.9959		0.9992		0.99995		1

		-10		0.97455		0.9941		0.9986		0.99995

		-9		0.91055		0.96965		0.99045		0.9996

		-8		0.7561		0.88565		0.95485		0.9967

		-7		0.5189		0.7102		0.8655		0.98235

		-6		0.27425		0.4564		0.6516		0.9168

		-5		0.10015		0.22675		0.40045		0.7797

		-4		0.0297		0.07895		0.18465		0.5407

		-3		0.0058		0.0222		0.06095		0.3154

		-2		0.00215		0.00255		0.016		0.12125

		-1		0.00005		0.0006		0.0018		0.04715

		0		0.00005		0.00015		0.0003		0.01205

		1		0.00005				0.00005		0.0025

		2								0.0007

		3								0.0001

		4

		5

		6

		Non-MBSFN-ABS, colliding RS, CCE=4, CFI=3

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		0.9999		1		0.99995		1						SNR[dB] @1% BLER		-3.25		-2.66		-1.69		-0.14

		-13		0.9998		0.99995		1		1

		-12		0.99925		0.99975		1		1

		-11		0.99385		0.99925		0.99985		1

		-10		0.97235		0.99365		0.99805		1

		-9		0.9064		0.96755		0.99205		0.9996

		-8		0.73925		0.87815		0.95485		0.996

		-7		0.51685		0.6948		0.84545		0.97685

		-6		0.26635		0.4565		0.6542		0.90885

		-5		0.10335		0.2149		0.4048		0.76865

		-4		0.0299		0.0772		0.17235		0.52495

		-3		0.0069		0.01895		0.0634		0.2914

		-2		0.0011		0.00295		0.0187		0.1208

		-1		0.00025		0.0003		0.0025		0.03635

		0				0.00005		0.0002		0.00815

		1						0.0001		0.0012

		2								0.00015

		3

		4

		5

		6

		Non-MBSFN-ABS, colliding RS, CCE=8, CFI=2

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		0.9985		0.9996		0.99995		1						SNR[dB] @1% BLER		-5.30		-4.45		-3.55		-1.57

		-13		0.9933		0.9994		0.99985		1

		-12		0.95925		0.99305		0.9987		0.99995

		-11		0.8693		0.9637		0.992		0.9992

		-10		0.66285		0.8696		0.95335		0.9964

		-9		0.4094		0.6846		0.8492		0.98335

		-8		0.19055		0.39155		0.6545		0.9285

		-7		0.0676		0.197		0.38315		0.77765

		-6		0.0249		0.0709		0.1847		0.5599

		-5		0.00675		0.02225		0.06485		0.3258

		-4		0.0026		0.0052		0.0186		0.152

		-3		0.00075		0.0015		0.00475		0.05335

		-2		0.0003		0.0005		0.00155		0.01835

		-1		0.0001				0.0005		0.00445

		0								0.00095

		1								0.00065

		2								0.00015

		3

		4								0.00005

		5

		6

		Non-MBSFN-ABS, colliding RS, CCE=8, CFI=3

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		0.99865		0.99995		1		0.99995						SNR[dB] @1% BLER		-6.00		-4.99		-3.88		-2.28

		-13		0.98825		0.999		0.99955		1

		-12		0.9484		0.99255		0.99795		1

		-11		0.83785		0.9543		0.9852		0.9993

		-10		0.63525		0.83855		0.95135		0.99675

		-9		0.38355		0.6226		0.8151		0.97625

		-8		0.1552		0.3607		0.5936		0.91995

		-7		0.0473		0.1519		0.3465		0.73835

		-6		0.01005		0.0423		0.1576		0.51535

		-5		0.0016		0.01025		0.0475		0.2748

		-4		0.0004		0.00175		0.0132		0.1225

		-3		0.00005		0.00015		0.0014		0.03635

		-2		0.00005				0.0001		0.0061

		-1						0.00005		0.00215

		0								0.0003

		1

		2

		3

		4

		5

		6





		



Single cell

Interferer SNR=1dB

Interferer SNR=5dB

Interferer SNR=10dB

Serving cell SNR [dB]

BLER

Non-MBSFN-ABS, colliding RS, CCE=4, CFI=2



		



Single cell

Interferer SNR=1dB

Interferer SNR=5dB

Interferer SNR=10dB

Serving cell SNR [dB]

BLER

Non-MBSFN-ABS, colliding RS, CCE=4, CFI=3



		



Single cell

Interferer SNR=1dB

Interferer SNR=5dB

Interferer SNR=10dB

Serving cell SNR [dB]

BLER

Non-MBSFN-ABS, colliding RS, CCE=8, CFI=2



		



Single cell

Interferer SNR=1dB

Interferer SNR=5dB

Interferer SNR=10dB

Serving cell SNR [dB]

BLER

Non-MBSFN-ABS, colliding RS, CCE=8, CFI=3



		MBSFN-ABS, colliding RS, CCE=4, CFI=2

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		0.99995		0.99995		1		1						SNR[dB] @1% BLER		-3.28		-3.17		-2.79		-2.18

		-13		0.99975		0.9999		0.99995		1

		-12		0.99915		0.9998		0.99985		1

		-11		0.9946		0.99685		0.9986		0.99975

		-10		0.978		0.98065		0.99165		0.99855

		-9		0.90375		0.9319		0.9547		0.98755

		-8		0.7508		0.80455		0.8465		0.945

		-7		0.52135		0.58435		0.64495		0.81295

		-6		0.2713		0.3154		0.3931		0.5705

		-5		0.1026		0.13665		0.17175		0.34775

		-4		0.0303		0.04045		0.05455		0.12875

		-3		0.0065		0.00745		0.0145		0.04625

		-2		0.002		0.0021		0.0024		0.00715

		-1						0.00005		0.00255

		0				0.00005		0.0001		0.0001

		1								0.0001

		2

		3

		4

		5

		6

		MBSFN-ABS, colliding RS, CCE=4, CFI=3

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		1		1		1		1						SNR[dB] @1% BLER		-3.33		-3.04		-2.89		-2.02

		-13		0.9998		0.9999		0.99985		1

		-12		0.999		0.9998		0.99985		1

		-11		0.99425		0.99675		0.9991		0.99975

		-10		0.97415		0.98265		0.98765		0.998

		-9		0.91475		0.92715		0.95155		0.9847

		-8		0.75675		0.7808		0.84165		0.9345

		-7		0.5096		0.55345		0.62255		0.8097

		-6		0.27405		0.31525		0.37815		0.58295

		-5		0.10255		0.1291		0.168		0.3266

		-4		0.02735		0.03435		0.0588		0.1298

		-3		0.00615		0.00945		0.0115		0.0341

		-2		0.001		0.0015		0.00305		0.0097

		-1		0.00015		0.00005		0.00015		0.00135

		0				0.00005		0.0001		0.0002

		1

		2

		3

		4

		5

		6

		MBSFN-ABS, colliding RS, CCE=8, CFI=2

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		0.9985		0.99955		0.9998		1						SNR[dB] @1% BLER		-5.33		-5.07		-4.78		-3.88

		-13		0.99055		0.996		0.9981		0.99985

		-12		0.95815		0.9768		0.9857		0.99685

		-11		0.85785		0.90875		0.9316		0.98555

		-10		0.6516		0.7371		0.8224		0.92935

		-9		0.4031		0.4915		0.59635		0.8017

		-8		0.2037		0.2504		0.3274		0.54955

		-7		0.0686		0.09345		0.14905		0.3139

		-6		0.02605		0.02845		0.0463		0.1265

		-5		0.0062		0.00925		0.01245		0.0416

		-4		0.00265		0.00215		0.0045		0.01215

		-3		0.0008		0.00095		0.00135		0.00255

		-2		0.00015		0.0002		0.00035		0.0005

		-1				0.00005		0.00005		0.00015

		0				0.00005				0.00015

		1

		2

		3

		4

		5

		6

		MBSFN-ABS, colliding RS, CCE=8, CFI=3

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB								Single cell		Interferer SNR=1dB		Interferer SNR=5dB		Interferer SNR=10dB

		-14		0.99785		0.9996		0.9996		1						SNR[dB] @1% BLER		-5.90		-5.79		-5.13		-4.57

		-13		0.9907		0.99405		0.9971		0.9995

		-12		0.9511		0.97255		0.9832		0.9973

		-11		0.8405		0.87195		0.92575		0.98185

		-10		0.61915		0.6811		0.77965		0.925

		-9		0.37515		0.4516		0.53425		0.75445

		-8		0.16605		0.1998		0.28435		0.51835

		-7		0.0467		0.07025		0.10905		0.26955

		-6		0.01205		0.0141		0.0292		0.09475

		-5		0.0018		0.00285		0.0085		0.0212

		-4		0.0001		0.00105		0.0005		0.00365

		-3		0.00005				0.0001		0.0011

		-2

		-1

		0

		1

		2

		3

		4

		5

		6





		



Single cell

Interferer SNR=1dB

Interferer SNR=5dB

Interferer SNR=10dB

Serving cell SNR [dB]

BLER

MBSFN-ABS, colliding RS, CCE=4, CFI=2



		



Single cell

Interferer SNR=1dB

Interferer SNR=5dB

Interferer SNR=10dB

Serving cell SNR [dB]

BLER

MBSFN-ABS, colliding RS, CCE=4, CFI=3



		



Single cell

Interferer SNR=1dB

Interferer SNR=5dB

Interferer SNR=10dB

Serving cell SNR [dB]

BLER

MBSFN-ABS, colliding RS, CCE=8, CFI=2



		



Single cell

Interferer SNR=1dB

Interferer SNR=5dB

Interferer SNR=10dB

Serving cell SNR [dB]

BLER

MBSFN-ABS, colliding RS, CCE=8, CFI=3



		Normal subframe, non-colliding RS, CCE=4, CFI=2

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=3dB		Interferer SNR=5dB		Interferer SNR=7dB						Single cell		Interferer SNR=1dB		Interferer SNR=3dB		Interferer SNR=5dB		Interferer SNR=7dB

		-14		1		1		1		0.99995		1				SNR[dB] @1% BLER		-3.22		0.22		1.67		3.02		4.61

		-13		1		1		1		0.99995		1

		-12		0.99965		1		1		1		1

		-11		0.99505		0.99995		1		1		1

		-10		0.9752		0.9998		1		0.99995		1

		-9		0.90055		0.9988		0.99995		1		0.99995

		-8		0.73915		0.9941		0.9991		0.99995		0.99995

		-7		0.5199		0.97705		0.9943		0.99875		0.99995

		-6		0.2586		0.90615		0.96985		0.9965		0.99925

		-5		0.11225		0.77435		0.912		0.9796		0.99775

		-4		0.03135		0.5431		0.7818		0.93045		0.99075

		-3		0.00725		0.3139		0.58465		0.8251		0.95875

		-2		0.0015		0.14715		0.35125		0.66805		0.88235

		-1		0.0002		0.0467		0.17305		0.4252		0.7446

		0		0.00005		0.0155		0.06715		0.23425		0.55725

		1				0.0021		0.02505		0.0986		0.3401

		2				0.0003		0.0063		0.0329		0.16885

		3				0.00005		0.00065		0.01035		0.0705

		4						0.0001		0.00195		0.0224

		5								0.0004		0.006

		6										0.00065

		Normal subframe, non-colliding RS, CCE=4, CFI=3

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=3dB		Interferer SNR=5dB		Interferer SNR=7dB						Single cell		Interferer SNR=1dB		Interferer SNR=3dB		Interferer SNR=5dB		Interferer SNR=7dB

		-14		0.99995		0.99995		1		0.99995		1				SNR[dB] @1% BLER		-3.37		0.25		1.64		2.90		4.55

		-13		0.99995		0.99995		1		1		1

		-12		0.9998		1		1		0.99995		0.99995

		-11		0.99475		0.9999		1		0.9999		1

		-10		0.97075		0.9996		1		1		1

		-9		0.90835		0.9988		0.99955		0.99995		1

		-8		0.74855		0.99075		0.99885		0.9998		1

		-7		0.51605		0.96535		0.993		0.99815		0.99985

		-6		0.25625		0.8957		0.9707		0.99515		0.99965

		-5		0.1081		0.7518		0.90965		0.9772		0.99785

		-4		0.0271		0.5376		0.775		0.92645		0.9867

		-3		0.00555		0.3199		0.5768		0.8337		0.95435

		-2		0.00095		0.14515		0.34445		0.64545		0.8874

		-1				0.05195		0.16305		0.4405		0.74715

		0				0.0151		0.0664		0.23815		0.5422

		1				0.00285		0.02125		0.10275		0.34235

		2				0.0006		0.00655		0.0366		0.17195

		3						0.0003		0.0086		0.06865

		4								0.0014		0.02555

		5								0.00025		0.0046

		6								0.00005		0.00135

		Normal subframe, non-colliding RS, CCE=8, CFI=2

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=3dB		Interferer SNR=5dB		Interferer SNR=7dB						Single cell		Interferer SNR=1dB		Interferer SNR=3dB		Interferer SNR=5dB		Interferer SNR=7dB

		-14		0.99915		0.99995		0.99995		1		0.99995				SNR[dB] @1% BLER		-5.29		-1.76		-0.64		0.69		2.42

		-13		0.9926		0.99995		1		1		1

		-12		0.95785		0.99965		0.9999		1		1

		-11		0.86005		0.99745		0.99935		0.9999		1

		-10		0.6727		0.98725		0.99805		0.99975		1

		-9		0.4166		0.949		0.98745		0.99745		0.9998

		-8		0.20235		0.85455		0.95245		0.98785		0.9992

		-7		0.07545		0.6515		0.85965		0.96125		0.99395

		-6		0.0239		0.4225		0.6863		0.88545		0.97685

		-5		0.00695		0.235		0.4649		0.73765		0.92495

		-4		0.0026		0.09595		0.25065		0.55655		0.8138

		-3		0.0006		0.0329		0.12325		0.31665		0.62985

		-2		0.0002		0.01445		0.0506		0.16565		0.4296

		-1		0.0001		0.00305		0.01455		0.0624		0.24525

		0				0.00095		0.0051		0.02265		0.12215

		1				0.0004		0.00135		0.00695		0.0439

		2				0.00005		0.0005		0.00265		0.01515

		3				0.00005		0.0001		0.001		0.00565

		4								0.0001		0.0018

		5								0.00005		0.00035

		6										0.0002

		Normal subframe, non-colliding RS, CCE=8, CFI=3

		Serving cell SNR [dB]		Single cell		Interferer SNR=1dB		Interferer SNR=3dB		Interferer SNR=5dB		Interferer SNR=7dB						Single cell		Interferer SNR=1dB		Interferer SNR=3dB		Interferer SNR=5dB		Interferer SNR=7dB

		-14		0.99895		1		0.99985		1		1				SNR[dB] @1% BLER		-5.87		-2.69		-1.37		0.23		1.68

		-13		0.9901		0.9999		1		1		1

		-12		0.95155		0.9993		1		1		0.99995

		-11		0.8389		0.9962		0.9998		1		1

		-10		0.62555		0.98615		0.9974		0.9996		0.99995

		-9		0.36605		0.93705		0.9835		0.9979		0.99975

		-8		0.16185		0.82905		0.9425		0.98825		0.9989

		-7		0.05185		0.63385		0.82355		0.95515		0.99435

		-6		0.01355		0.3887		0.6382		0.8746		0.9756

		-5		0.00135		0.17445		0.4292		0.7207		0.9201

		-4		0.0003		0.08235		0.21535		0.49065		0.79325

		-3		0.00005		0.018		0.09385		0.29085		0.61985

		-2				0.0027		0.0273		0.1388		0.40045

		-1				0.00055		0.0056		0.04635		0.19675

		0				0.0002		0.00075		0.01445		0.08285

		1						0.00005		0.003		0.0323

		2								0.00025		0.0058

		3								0.00005		0.00125

		4										0.00025

		5

		6





		



Single cell

Interferer SNR=1dB

Interferer SNR=3dB

Interferer SNR=5dB

Interferer SNR=7dB

Serving cell SNR [dB]

BLER

Normal subframe, non-colliding RS, CCE=4, CFI=2



		



Single cell

Interferer SNR=1dB

Interferer SNR=3dB

Interferer SNR=5dB

Interferer SNR=7dB

Serving cell SNR [dB]

BLER

Normal subframe, non-colliding RS, CCE=4, CFI=3



		



Single cell

Interferer SNR=1dB

Interferer SNR=3dB

Interferer SNR=5dB

Interferer SNR=7dB

Serving cell SNR [dB]

BLER

Normal subframe, non-colliding RS, CCE=8, CFI=2



		



Single cell

Interferer SNR=1dB

Interferer SNR=3dB

Interferer SNR=5dB

Interferer SNR=7dB

Serving cell SNR [dB]

BLER

Normal subframe, non-colliding RS, CCE=8, CFI=3




