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1
Introduction
This contribution provides preliminary simulation results (without receiver impairments) for Rel-10 eICIC radio link monitoring. Simulations are performed according to the agreed assumptions in [1], listed below for convenience.
Table 1: Simulation scenarios
	Scenario
	Description
	ABS pattern
	CFI
	Channel model
	Verification point

	RLM1-1
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	2
	AWGN
	10%

	RLM1-2
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	3
	AWGN
	10%

	RLM1-3
	2x2 8CCE DCI1A 10MHz SFBC
	MBSFN ABS
	2
	AWGN
	10%

	RLM1-4
	2x2 8CCE DCI1A 10MHz SFBC
	MBSFN ABS
	3
	AWGN
	10%

	RLM2-1
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	2
	AWGN
	2%

	RLM2-2
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	3
	AWGN
	2%

	RLM2-3
	2x2 4CCE DCI1C 10MHz SFBC
	MBSFN ABS
	2
	AWGN
	2%

	RLM2-4
	2x2 4CCE DCI1C 10MHz SFBC
	MBSFN ABS
	3
	AWGN
	2%

	RLM3-1
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	2
	ETU 70 Hz
	10%

	RLM3-2
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	3
	ETU 70 Hz
	10%

	RLM3-3
	2x2 8CCE DCI1A 10MHz SFBC
	MBSFN ABS
	2
	ETU 70 Hz
	10%

	RLM3-4
	2x2 8CCE DCI1A 10MHz SFBC
	MBSFN ABS
	3
	ETU 70 Hz
	10%

	RLM4-1
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	2
	ETU 70 Hz
	2%

	RLM4-2
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	3
	ETU 70 Hz
	2%

	RLM4-3
	2x2 4CCE DCI1C 10MHz SFBC
	MBSFN ABS
	2
	ETU 70 Hz
	2%

	RLM4-4
	2x2 4CCE DCI1C 10MHz SFBC
	MBSFN ABS
	3
	ETU 70 Hz
	2%


  Main simulation parameters are listed below and the rest of simulation assumptions are provided in the Annex:

· PDCCH formats

· Out-of-sync: 8CCE DCI1A 10 MHz

· In-sync: 4CCE DCI1C 10 MHz

· Channel model for both Serving cell and Interfering cell

· AWGN

· ETU70

· Interfering cell

· Normal ABS (Non-MBSFN ABS) with non CRS collision

· MBSFN ABS with CRS collision

· CFI for Serving cell

· CFI: 2 (w/ PCFICH decoding)

· CFI: 3 (w/o PCFICH decoding)

· Extended PHICH duration is assumed for Serving cell. 

· Serving cell SNR: -14 to 0 dB

· Interfering cell SNR: 0, 5, 10 dB
2
Simulation results: SNR thresholds for out-of-sync and in-sync
The eICIC RLM in-sync and out-of-sync performance is investigated for the agreed scenarios in Table 1. Section 2.1 and 2.2 provide results for the AWGN case whereas results for the extended typical urban channel assuming 70 Hz Doppler frequency (ETU70) are found in Section 2.3 and 2.4. PDCCH performance is shown in the form of block error rate (BLER) vs. serving cell signal-to-noise ratio (SNR), for given interferer cell SNR. As per the agreed assumptions, when CFI=2, PDCCH performance is considered jointly with PCFICH decoding whereas for CFI=3, PDCCH performance alone is considered as extended PHICH duration is assumed for serving cell. CRS collision occurs only in simulation scenarios involving MBSFN ABS. The required serving cell SNR for achieving a specific RLM performance target (either Qin: 2% or Qout: 10%) is tabulated for each scenario and corresponding interfering cell SNR at the end of each sub-section.
2.1
Out-of-sync – AWGN
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Figure 1: RLM1-1 - Out-of-sync, normal ABS, CFI =2
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Figure 2: RLM1-2 - Out-of-sync, normal ABS, CFI =3
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Figure 3: RLM1-3 - Out-of-sync, MBSFN ABS, CFI =2
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Figure 4: RLM1-4 - Out-of-sync, MBSFN ABS, CFI =3


Table 2: SNR thresholds in [dB] for out-of-sync (Qout) – AWGN

	Scenario
	No interferer (Rel-8/9 baseline performance)
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB
	Span [dB]

	RLM1-1
	-11.26
	-10.42
	-8.84
	-5.56
	5.70

	RLM1-2
	-11.58
	-11.36
	-10.91
	-9.8
	1.78

	RLM1-3
	-11.22
	-10.87
	-10.28
	-8.99
	2.23

	RLM1-4
	-11.58
	-11.20
	-10.57
	-9.25
	2.33


2.2
In-sync – AWGN
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Figure 5: RLM2-1 - In-sync, normal ABS, CFI =2
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Figure 6: RLM2-2 - In-sync, normal ABS, CFI =3
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Figure 7: RLM2-3 - In-sync, MBSFN ABS, CFI =2
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Figure 8: RLM2-4 - In-sync, MBSFN ABS, CFI =3


Table 3: SNR thresholds in [dB] for in-sync (Qin) – AWGN

	Scenario
	No interferer (Rel-8/9 baseline performance)
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB
	Span [dB]

	RLM2-1
	-6.90
	-6.53
	-5.58
	-2.96
	3.94

	RLM2-2
	-6.89
	-6.68
	-6.21
	-4.91
	1.97

	RLM2-3
	-6.88
	-6.70
	-6.23
	-5.30
	1.58

	RLM2-4
	-6.89
	-6.69
	-6.30
	-5.38
	1.51


2.3
Out-of-sync – ETU70
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Figure 9: RLM3-1 – Out-of-sync, normal ABS, CFI =2
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Figure 10: RLM3-2 – Out-of-sync, normal ABS, CFI =3
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Figure 11: RLM3-3 – Out-of-sync, MBSFN ABS, CFI =2
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Figure 12: RLM3-4 – Out-of-sync, MBSFN ABS, CFI =3


Table 4: SNR thresholds in [dB] for out-of-sync (Qout) – ETU70

	Scenario
	No interferer (Rel-8/9 baseline performance)
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB
	Span [dB]

	RLM3-1
	-10.13
	-9.44
	-8.18
	-5.73
	4.40

	RLM3-2
	-10.49
	-10.31
	-9.85
	-8.78
	1.70

	RLM3-3
	-10.13
	-9.73
	-9.00
	-7.51
	2.62

	RLM3-4
	-10.53
	-10.07
	-9.27
	-7.85
	2.69


2.4
In-sync – ETU70
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Figure 13: RLM4-1 – In-sync, normal ABS, CFI =2
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Figure 14: RLM4-2 – In-sync, normal ABS, CFI =3
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Figure 15: RLM4-3 – In-sync, MBSFN ABS, CFI =2
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Figure 16: RLM4-4 – In-sync, MBSFN ABS, CFI =3


Table 5: SNR thresholds in[dB] for in-sync (Qin) – ETU70

	Scenario
	No interferer (Rel-8/9 baseline performance)
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB
	Span [dB]

	RLM4-1
	-5.47 
	-5.11
	-4.32
	-2.19
	3.28

	RLM4-2
	-5.53
	-5.34
	-4.75
	-3.61
	1.92

	RLM4-3
	-5.50
	-5.18
	-4.65
	-3.62
	1.88

	RLM4-4
	-5.53
	-5.27
	-4.74
	-3.64
	1.89


3
Discussion
On the basis of these results, we make the following observations:
· Simulation results for scenarios RLM1-2, RLM2-2, RLM3-2 and RLM4-2 without interfering cell are in line with Rel-8 baseline performance for single cell scenarios from previous simulation campaign [2] (scenarios RLM3, RLM7, RLM10 and RLM12, respectively).
· With normal ABS (non-colliding CRS) and CFI=2, PCFICH becomes a bottleneck to successful PDCCH decoding with large interfering cell SNR. Performance is more particularly affected for out-of-sync (RLM1-1, RLM3-1) because of lower operating SNR region than for the in-sync case (RLM2-1, RLM4-1). This confirms the findings in [3] that PCFICH reception itself is severely degraded by ABS interference because 50% of its resource elements are corrupted in the 2-Tx case regardless of the CRS shift (but still non-colliding case).
· The impact of PCFICH misdetection with MBSFN-ABS is far less pronounced that in the previous case because in the colliding CRS case PCFICH and PDCCH REs are not corrupted directly but through degraded channel estimates and the latter provides some amount of processing gain against interference. PCFICH reception is more robust which explains the little difference between CFI=2 with joint PCFICH/PDCCH detection and CFI=3 with PDCCH reception alone.
· Overall, we observe a relatively large span of SNR thresholds, both for Qin and Qout targets. For normal ABS (non-colliding CRS) and CFI=3, one may see that the degradation is within 2 dB at most for an interfering cell SNR of 10 dB. The worst case is clearly normal ABS combined with CFI=2 for previously explained reasons, which also confirms the findings in [3] related to PDCCH link performance.
4
Conclusion
This contribution provided preliminary simulation results without receiver impairments for Rel-10 eICIC radio link monitoring. Table 6 below summarizes the achieved SNR thresholds for considered RLM BLER targets in each simulation case. We note that for a given scenario, the interferer level makes a significant difference to the results, and the methodology for defining appropriate test conditions would need further consideration. 
At this stage, one way to sensibly reduce the observed span in Qin/Qout thresholds would be to exclude cases with PCFICH decoding (CFI=2) as it proves to be clear bottleneck to succesfull PDCCH decoding and consequently RLM performance. Hence, under normal-ABS interference with non-colliding CRS, skipping PCFICH decoding assuming CFI=3 with extended PHICH duration appears like a reasonable choice.
Once link-level evaluation of eICIC RLM is completed, the RAN4 group needs to decide between two options: 
· Option 1: 
Reuse existing Rel-8/-9 requirements with a side condition on the interferer SNR to be agreed upon.
· This approach presumes that sufficient margin is left available to cope with receiver impairments as well as additional interference due to interferer’s ABS. This as such may set a hard limit on the maximum level of interference and said side condition.
· Option 2: 
Define new RLM requirements for eICIC for a side condition with somewhat higher interference than    Option 1.
Table 6: Summary of results (SNR thresholds in [dB]) for eICIC RLM simulations

	Scenario
	No interferer (Rel-8/9 baseline performance)
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	RLM1-1
	-11.26
	-10.42
	-8.84
	-5.56

	RLM1-2
	-11.58
	-11.36
	-10.91
	-9.8

	RLM1-3
	-11.22
	-10.87
	-10.28
	-8.99

	RLM1-4
	-11.58
	-11.20
	-10.57
	-9.25

	RLM2-1
	-6.90
	-6.53
	-5.58
	-2.96

	RLM2-2
	-6.89
	-6.68
	-6.21
	-4.91

	RLM2-3
	-6.88
	-6.70
	-6.23
	-5.30

	RLM2-4
	-6.89
	-6.69
	-6.30
	-5.38

	RLM3-1
	-10.13
	-9.44
	-8.18
	-5.73

	RLM3-2
	-10.49
	-10.31
	-9.85
	-8.78

	RLM3-3
	-10.13
	-9.73
	-9.00
	-7.51

	RLM3-4
	-10.53
	-10.07
	-9.27
	-7.85

	RLM4-1
	-5.47
	-5.11
	-4.32
	-2.19

	RLM4-2
	-5.53
	-5.34
	-4.75
	-3.61

	RLM4-3
	-5.50
	-5.18
	-4.65
	-3.62

	RLM4-4
	-5.53
	-5.27
	-4.74
	-3.64
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Annex – Simulation Assumptions
Table 7: Out-of sync PCFICH/PDCCH assumptions for Serving cell
	Common parameters
	Value

	General setup
	PDCCH and PCFICH are tested jointly i.e. miss detection of PCFICH implies a miss detection for “w/ PCFICH decoding” case

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	
	

	Power allocation: 1 TX 1 
	PDCCH_RA = PDCCH_RB = 4 dB 

PCFICH_RA = PCFICH_RB = 4 dB



	Power allocation: 2 TX 1
	PDCCH_RA = PDCCH_RB = 1 dB 

PCFICH_RA = PCFICH_RB = 1 dB



	PHICH duration
	Normal for “w/ PCFICH decoding” and Extended for “w/o PCFICH decoding”

	Number of PHICH groups 2
	Ng=1

	PDCCH content
	All PDCCH resources (in addition to the desired PDCCH) shall be occupied by non-zero data. Transmission power for non-desired PDCCH should be de-boosted so that the total transmission power should be the maximum transmission power.

	Cyclic prefix
	Normal

	Scheduling rate
	Up to ABS patterns

	Blind decoding
	Not taken into account in the simulations

	Interference
	AWGN for background noise modeling; 

Interfering cell has full RB transmission in both control and data region on normal subframes; only CRS transmission in ABS/MBSFN subframes.

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Simulation length
	10000 sub-frames at minimum

	TDD frame structure
	Uplink-downlink configuration: 1 

Special sub-frame configuration: 4


Note 1:
The power allocation values PDCCH_RA and PDCCH_RB are given as defined in the Section 3.3 of 36.101. 

Note 2:
The number of PHICH groups for normal cyclic prefix is equal to ceiling [Ng (N_DL_RB/8)], where N_DL_RB is the downlink bandwidth configuration (number of resource blocks).
Table 8: In-sync PCFICH/PDCCH assumptions for Serving cell
	Common parameters
	Value

	General setup
	PDCCH and PCFICH are tested jointly i.e. miss detection of PCFICH implies a miss detection of PDCCH for “w/ PCFICH decoding” case

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	
	

	Power allocation: 1 TX 1 
	PDCCH_RA = PDCCH_RB = 0 dB 

PCFICH_RA = PCFICH_RB = 4 dB



	Power allocation: 2 TX 1
	PDCCH_RA = PDCCH_RB = -3 dB 

PCFICH_RA = PCFICH_RB = 1 dB



	PHICH duration
	Normal for “w/ PCFICH decoding” and Extended for “w/o PCFICH decoding”

	Number of PHICH groups 2
	Ng=1

	PDCCH content
	All PDCCH resources (in addition to the desired PDCCH) shall be occupied by non-zero data. Transmission power for non-desired PDCCH should be de-boosted so that the total transmission power should be the maximum transmission power.

	Cyclic prefix
	Normal

	Scheduling rate
	Up to ABS patterns

	Blind decoding
	Not taken into account in the simulations

	Interference
	AWGN for background noise modeling; 

Interfering cell has full RB transmission in both control and data region on normal subframes; only CRS transmission in ABS/MBSFN subframes.

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Simulation length
	10000 sub-frames at minimum

	TDD frame structure
	Uplink-downlink configuration: 1 

Special sub-frame configuration: 4


Note 1:
The power allocation values PDCCH_RA and PDCCH_RB are given as defined in the Section 3.3 of 36.101. 

Note 2:
The number of PHICH groups for normal cyclic prefix is equal to ceiling [Ng (N_DL_RB/8)], where N_DL_RB is the downlink bandwidth configuration (number of resource blocks).


