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1
Introduction
This contribution provides preliminary simulation results (without receiver impairments) for PDCCH demodulation requirements for eICIC. Main simulation parameters are listed below and details are provided in Annex, Table 3:

· Antenna configuration in both serving and interfering cell: 1 Tx and 2 Tx
· Antenna configuration at UE: 2 Rx

· PDCCH transmit scheme & DCI format in serving cell: 

· 1x2: single antenna port, DCI Format 1 (31 bits + 16-bit CRC)
· 2x2: transmit diversity, DCI Format 2 (43 bits + 16-bit CRC)
· PDCCH aggregation levels: 2 CCE, 4 CCE, 8 CCE
· Channel model for both serving cell and interfering cell

· 1x2: ETU70, 3s time-delay for the interfering cell wrt. serving cell
· 2x2: EVA70, 3s time-delay for the interfering cell wrt. serving cell
· Interfering cell ABS & CRS configuration
· Non-MBSFN ABS with non-colliding CRS
· CFI for serving cell

· CFI=2 with PCFICH decoding

· CFI=3 without PCFICH decoding
· Serving cell SNR: within variable range
· Interfering cell SNR: -100 (single-cell reference), 0, 5, 10 dB
2
PDCCH link-level performance under TDM eICIC
PCDDH demodulation performance under TDM eICIC with non-colliding CRS is investigated under the assumptions listed in Table 3 of the Annex. The followed methodology is similar to the one in [1] except for the interfering cell power which is here defined with respect to the noise level. 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 ({-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 2.3 for each simulated case.

Sections 2.1 and 2.2 provide results for PDCCH assuming 1x2 and 2x2 antenna configurations with DCI Format 1 and Format 2, respectively. The chosen parametrization follows test cases for demodulation of PDCCH/PCFICH for 1- and 2-Tx in [2]. Additionally, we varied the PDCCH aggregation level by providing results for 2, 4 and 8 CCEs.
2.1
PDCCH performance – Non-MBSFN ABS, 1x2, Format 1
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Figure 1: 1x2, Format 1, 2 CCE, CFI=2
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Figure 2: 1x2, Format 1, 2 CCE, CFI=3 wo PCFICH
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Figure 3: 1x2, Format 1, 4 CCE, CFI=2
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Figure 4: 1x2, Format 1, 4 CCE, CFI=3 wo PCFICH
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Figure 5: 1x2, Format 1, 8 CCE, CFI=2
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Figure 6: 1x2, Format 1, 8 CCE, CFI=3 wo PCFICH


2.2
PDCCH performance – Non-MBSFN ABS, 2x2, Format 2
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Figure 7: 2x2, Format 2, 2 CCE, CFI=2
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Figure 8: 2x2, Format 2, 2 CCE, CFI=3 wo PCFICH

	[image: image9.emf]-12 -10 -8 -6 -4 -2 0 2 4 6

10

-3

10

-2

10

-1

10

0

BLER

Serving cell SNR [dB]

PDCCH - 10 MHz, Format 2, 4 CCE, EVA70, 2x2 Low, CFI=2

 

 

No interferer

Interferer SNR 0dB

Interferer SNR 5dB

Interferer SNR 10dB


Figure 9: 2x2, Format 2, 4 CCE, CFI=2
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Figure 10: 2x2, Format 2, 4 CCE, CFI=3 wo PCFICH
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Figure 11: 2x2, Format 2, 8 CCE, CFI=2
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Figure 12: 2x2, Format 2, 8 CCE, CFI=3 wo PCFICH


2.3
Results summary

This section provides a summary of previously presented simulation 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 for information.
Table 1: 1x2, PDCCH Format 1 - SNR thresholds in dB for 1% BLER and [gap to single-cell reference] – ETU70
	CFI, aggr.level
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	CFI=2, 2 CCE
	0.84
	[REF]
	0.98
	[+0.15]
	1.48
	[+0.64]
	3.05
	[+2.22]

	CFI=3, 2 CCE
	0.83
	[REF]
	0.90
	[+0.07]
	1.08
	[+0.25]
	2.00
	[+1.17]

	CFI=2, 4 CCE
	-2.16
	[REF]
	-1.91
	[+0.25]
	-1.30
	[+0.86]
	0.44
	[+2.60]

	CFI=3, 4 CCE
	-2.09
	[REF]
	-1.99
	[+0.10]
	-1.81
	[+0.28]
	-0.91
	[+1.18]

	CFI=2, 8 CCE
	-3.92
	[REF]
	-3.37
	[+0.55]
	-2.00
	[+1.92]
	-0.07
	[+3.85]

	CFI=3, 8 CCE
	-4.82
	[REF]
	-4.76
	[+0.06]
	-4.41
	[+0.42]
	-3.70
	[+1.12]


Table 2: 2x2, PDCCH Format 2 - SNR thresholds in dB for 1% BLER and [gap to single-cell reference] – EVA70

	CFI, aggr.level
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	CFI=2, 2 CCE
	0.95
	[REF]
	1.39
	[+0.44]
	2.38
	[+1.43]
	4.64
	[+3.69]

	CFI=3, 2 CCE
	0.89
	[REF]
	1.21
	[+0.32]
	1.78
	[+0.89]
	3.23
	[+2.35]

	CFI=2, 4 CCE
	-2.11
	[REF]
	-1.69
	[+0.43]
	-0.70
	[+1.41]
	2.05
	[+4.16]

	CFI=3, 4 CCE
	-2.20
	[REF]
	-1.93
	[+0.27]
	-1.39
	[+0.82]
	-0.07
	[+2.13]

	CFI=2, 8 CCE
	-4.70
	[REF]
	-3.67
	[+1.02]
	-1.77
	[+2.93]
	1.63
	[+6.33]

	CFI=3, 8 CCE
	-4.92
	[REF]
	-4.64
	[+0.28]
	-4.09
	[+0.83]
	-2.67
	[+2.25]


3
Discussion
On the basis of the results in Sections 2.1-2.2 and tabulated values in Section 2.3, we make the following observations:
· In the majority of cases, ABS interference with 5-10 dB above noise power has significant impact to PDCCH demodulation assuming (Rel-8/9) baseline receiver, which confirms the findings in [1].  Consequently:
· New demodulation requirements are needed for PDCCH demodulation under TDM eICIC to account for the impact of residual CRS interference in non-MBSFN ABS.

· By comparing 1- and 2-Tx cases, one may observe the impact of different CRS density in neighboring cell ABS, although Format 1 and 2 have different payloads and thereby different associated channel coding rate.
· The impact of PCFICH errors – when comparing results for CFI=2, 3 with/without PCFICH misdetection respectively – is as follows:
· In the single-cell case, PCFICH errors only affect PDCCH performance for the highest aggregation level of 8 (lowest possible coding rate) because it sets the PDCCH operation point at very low SNR close to PCFICH operating regime which performance becomes a limiting factor. This is well-know fact from Rel-8/9 studies.
·  Under TDM eICIC interference, PCFICH errors impact PDCCH performance regardless of the aggregation level, because PCFICH suffers heavily from ABS interference as known from earlier studies [1]. PCFICH becomes a bottleneck to PDCCH performance with 10 dB interfering cell SNR regardless of the aggregation level, and also for 5 dB interfering cell SNR and aggregation level of 8.
· In summary, the observed loss for PDCCH at 1% BLER point wrt. single-cell performance is:
· In the case of CFI=2 and joint PCFICH/PDCCH detection:

· Up to ~1 dB for an interfering cell SNR of 0 dB;

· Up to ~3 dB for an interfering cell SNR of 5 dB;

· Up to ~6 dB for an interfering cell SNR of 10 dB.

· In the case of CFI=3 and without PCFICH detection:

· Up to ~0.3 dB for an interfering cell SNR of 0 dB;

· Up to ~0.9 dB for an interfering cell SNR of 5 dB;

· Up to ~2.3 dB for an interfering cell SNR of 10 dB.
Finally, we make the following observations/recommendations on potential PDCCH test case design:

· DCI Format 1 yields a natural choice for 1-Tx network deployments, and in case rank-2 transmission is considered, DCI Format 2 could be tested as well with 2-Tx.
· Given the large spread observed in results due to PCFICH errors for CFI=2, we would recommend:
· Prioritize CFI=3 in PDCCH test cases under the assumption of prior knowledge by the UE of extended PHICH duration.

· As a lower priority, work on CFI=2 could use choose low-to-moderate aggregation level, i.e. 2 or 4, in order to minimize the impact of PCFICH errors and associated spread in performance.
· Select the value of the interferer SNR after RAN4 has discussed which combination of serving and interfering cell SNRs would reflect a typical scenario for eICIC.

· The channel models (ETU70 and EVA70) chosen here for simulation follow the ones in [1] for PDCCH/PCFICH test cases. One may further discuss the choice of channel profile (e.g. less frequency selective) and also consider lower velocity likely more typical in eICIC deployments.  

4
Conclusion
This contribution provided preliminary simulation results without receiver impairments for PDCCH demodulation under Rel-10 TDM eICIC. We note that regardless of the aggregation level, an interferer of 5-10 dB above noise power makes a significant difference to the PDCCH performance results compared to the single-cell case and hence new requirements are needed. Finally, we note that PCFICH errors with CFI=2 incur a significant degradation to PDCCH performance regardless of the aggregation level and consequently, when deriving test cases, we would recommend to prioritize CFI=3 with prior knowledge at the UE of the width of the control region.
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Annex – Simulation Assumptions
Table 3: Link-level simulation assumptions
	Parameter
	Value

	
	Serving cell
	Interfering cell

	Carrier frequency
	2 GHz

	System bandwidth 
	10 MHz

	Network synchronization
	Reference
	3 s time offset wrt. serving cell

	eNB antenna configuration
	1 Tx or 2 Tx

	UE antenna configuration
	2 Rx

	CRS configuration / frequency shift 
	1 Tx: 1 CRS

2 Tx: 2 CRS
	1 Tx: 1 CRS, different frequency shift wrt. serving cell (non-colliding CRS)
2 Tx: 2 CRS, different frequency shift wrt. serving cell (non-colliding CRS)

	SNR 
	Serving cell SNR: within variable range
	Interfering cell SNR {-100, 0, 5, 10} [dB]

	Channel model, Doppler frequency, spatial correlation
	ETU70 or EVA70, spatially uncorrelated

	Detector at UE 
	MRC (rank-1) / MMSE (rank-2)
	No a-priori knowledge of interfering cell (no CRS interference cancellation)

	Channel estimation at UE 
	Realistic channel estimation over CRS 
	

	Subframe configuration (PDCCH, PDSCH) 
	CFI=2,3
	CFI=2,3

	PDCCH transmit scheme, DCI format & payload
	1x2: single antenna port, DCI Format 1 (31 bits + 16-bit CRC)

2x2: transmit diversity, DCI Format 2 (43 bits + 16-bit CRC)
	 Non-MBSFN ABS interference

	PDCCH aggregation level
	2, 4, 8
	-

	PDCCH detection
	CFI=2: joint PCFICH/PDCCH detection
CFI=3: PDCCH detection alone
	-



