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1
Introduction
This contribution provides preliminary simulation results (without receiver impairments) for PDSCH demodulation requirements for eICIC. Main simulation parameters are listed below and the rest of simulation assumptions are provided in the Annex:

· PDSCH transmission modes
· TM1 (single antenna port), rank-1 (1 codeword)
· TM2 (transmit diversity), rank-1 (1 codeword)
· TM3 (open-loop spatial multiplexing), rank-2 (2 codewords)
· TM4 (closed-loop spatial multiplexing), rank-2 (2 codewords)
· Modulation and coding schemes
· QPSK-1/3

· 16QAM-1/2

· 64QAM-3-4

· Antenna configuration: 1 Tx / 2 Rx for TM1, 2 Tx / 2 Rx for TM2, TM3, TM4

· Channel model for both Serving cell and interfering cell

· ETU5, 3s time-delay for the interfering cell wrt. serving cell
· Interfering cell

· Normal ABS (non-MBSFN ABS), non-colliding CRS
· CFI for Serving cell

· CFI: 3 (w/o PCFICH decoding)

· Serving cell SNR: within variable range
· Interfering cell SNR: -100 (no interfering cell), 0, 5, 10 dB
2
PDSCH link-level performance under TDM eICIC
PDSCH demodulation performance under TDM eICIC with non-colliding CRS is investigated under the assumptions listed in Table 9 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. Sections 2.1 through 2.4 provide results for PDSCH transmit modes TM1-4 assuming an extended typical urban (ETU) channel profile with 5 Hz Doppler frequency (ETU5). PDSCH performance is shown in the form of block error rate (BLER) and throughput 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). Note that possible error propagation due to potential erroneous decoding of PCFICH/PDCCH is not taken into account here. The required serving cell SNR for achieving performance targets of 10% BLER for the 1st transmission and 70% throughput is tabulated in Section 2.5 for each transmit mode, MCS and interfering cell SNR.
2.1
PDSCH demodulation performance – TM1
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Figure 1: TM1 – QPSK-1/3, BLER vs. SNR
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Figure 2: TM1 – QPSK-1/3, Throughput vs. SNR
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Figure 3: TM1 – 16QAM-1/2, BLER vs. SNR
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Figure 4: TM1 – 16QAM-1/2, Throughput vs. SNR
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Figure 5: TM1 – 64QAM-3/4, BLER vs. SNR
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Figure 6: TM1 – 64QAM-3/4, Throughput vs. SNR


2.2
PDSCH demodulation performance – TM2
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Figure 7: TM2 – QPSK-1/3, BLER vs. SNR
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Figure 8: TM2 – QPSK-1/3, Throughput vs. SNR
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Figure 9: TM2 – 16QAM-1/2, BLER vs. SNR
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Figure 10: TM2 – 16QAM-1/2, Throughput vs. SNR
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Figure 11: TM2 – 64QAM-3/4, BLER vs. SNR
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Figure 12: TM2 – 64QAM-3/4, Throughput vs. SNR


2.3
PDSCH demodulation performance – TM3
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Figure 13: TM3 – QPSK-1/3, BLER vs. SNR
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Figure 14: TM3 – QPSK-1/3, Throughput vs. SNR
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Figure 15: TM3 – 16QAM-1/2, BLER vs. SNR
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Figure 16: TM3 – 16QAM-1/2, Throughput vs. SNR
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Figure 17: TM3 – 64QAM-3/4, BLER vs. SNR
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Figure 18: TM3 – 64QAM-3/4, Throughput vs. SNR


2.4
PDSCH demodulation performance – TM4
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Figure 19: TM4 – QPSK-1/3, BLER vs. SNR
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Figure 20: TM4 – QPSK-1/3, Throughput vs. SNR
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Figure 21: TM4 – 16QAM-1/2, BLER vs. SNR
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Figure 22: TM4 – 16QAM-1/2, Throughput vs. SNR
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Figure 23: TM4 – 64QAM-3/4, BLER vs. SNR
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Figure 24: TM4 – 64QAM-3/4, Throughput vs. SNR


2.5
Results summary

This section provides a summary of previously presented simulation results in the form of tabulated values of SNR thresholds for given performance target.
SNR thresholds corresponding to 10% BLER target (1st transmission)
The required serving cell SNR for achieving performance target of 10% BLER for the 1st transmission is tabulated for each transmit mode, MCS and interfering cell SNR. The relative gap to the single cell case (reference) is also provided in square brackets.
Table 1: TM1 – SNR thresholds in dB for 10% BLER (1st transmission) and [gap to reference] – ETU5

	Tx mode - MCS
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	TM1 – QPSK-1/3
	-1.33
	[REF]
	-1.13
	[+0.20]
	-0.29
	 [+1.05]
	1.13 
	[+2.46]

	TM1 – 16QAM-1/2
	6.97
	[REF]
	7.27
	[+0.30]
	8.04
	[+1.07]
	9.80
	[+2.83]

	TM1 – 64QAM-3/4
	17.27
	[REF]
	17.44
	[+0.17]
	18.31
	[+1.04]
	20.70
	[+3.43]


Table 2: TM2 – SNR thresholds in dB for 10% BLER (1st transmission) and [gap to reference] – ETU5 
	Tx mode - MCS
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	TM2 – QPSK-1/3
	-2.04
	[REF]
	-1.64
	[+0.40]
	-1.07
	[+0.97]
	0.53
	[+2.56]

	TM2 – 16QAM-1/2
	5.83
	[REF]
	6.12
	[+0.29]
	7.09
	[+1.25]
	9.19
	[+3.36]

	TM2 – 64QAM-3/4
	16.72
	[REF]
	17.11
	[+0.39]
	17.89
	[+1.17]
	20.18
	[+3.46]


Table 3: TM3 – SNR thresholds in dB for 10% BLER (1st transmission) and [gap to reference] – ETU5 
	Tx mode - MCS
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	TM3 – QPSK-1/3
	2.30
	[REF]
	2.77
	[+0.46]
	3.76
	[+1.46]
	5.45
	[+3.15]

	TM3 – 16QAM-1/2
	13.16
	[REF]
	13.47
	[+0.31]
	14.66
	[+1.50]
	17.21
	[+4.05]

	TM3 – 64QAM-3/4
	24.87
	[REF]
	25.15
	[+0.28]
	26.34
	[+1.47]
	29.19
	[+4.32]


Table 4: TM4 – SNR thresholds in dB for 10% BLER (1st transmission) and [gap to reference] – ETU5 
	Tx mode - MCS
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	TM4 – QPSK-1/3
	2.56
	[REF]
	3.08
	[+0.51]
	3.92
	[+1.36]
	5.89
	[+3.32]

	TM4 – 16QAM-1/2
	13.54
	[REF]
	13.83
	[+0.29]
	14.99
	[+1.44]
	17.37
	[+3.83]

	TM4 – 64QAM-3/4
	25.07
	[REF]
	25.43
	[+0.37]
	26.36
	[+1.29]
	29.22
	[+4.16]


SNR thresholds corresponding to 70% throughput

The required serving cell SNR for achieving performance target of 70% throughput is tabulated for each transmit mode, MCS and interfering cell SNR. The relative gap to the single cell case (reference) is also provided in square brackets.

Table 5: TM1 – SNR thresholds in dB for 70% Throughput and [gap to reference] – ETU5 
	Tx mode - MCS
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	TM1 – QPSK-1/3
	-2.89
	[REF]
	-2.66
	[+0.23]
	-2.09
	[+0.80]
	-0.46
	[+2.42]

	TM1 – 16QAM-1/2
	5.24
	[REF]
	5.52
	[+0.28]
	6.25
	[+1.01]
	7.97
	[+2.73]

	TM1 – 64QAM-3/4
	15.44
	[REF]
	15.71
	[+0.28]
	16.62
	[+1.18]
	18.99
	[+3.55]


Table 6: TM2 – SNR thresholds in dB for 70% Throughput and [gap to reference] – ETU5 
	Tx mode - MCS
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	TM2 – QPSK-1/3
	-3.22
	[REF]
	-2.74
	[+0.47]
	-2.22
	[+0.99]
	-0.67
	[+2.54]

	TM2 – 16QAM-1/2
	4.69
	[REF]
	5.08
	[+0.40]
	5.90
	[+1.21]
	7.82
	[+3.13]

	TM2 – 64QAM-3/4
	15.20
	[REF]
	15.57
	[+0.36]
	16.54
	[+1.34]
	+18.76
	[+3.55]


Table 7: TM3 – SNR thresholds in dB for 70% Throughput and [gap to reference] – ETU5 
	Tx mode - MCS
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	TM3 – QPSK-1/3
	1.14
	[REF]
	1.65
	[+0.51]
	2.48
	[+1.34]
	4.19
	[+3.05]

	TM3 – 16QAM-1/2
	11.64
	[REF]
	12.08
	[+0.44]
	13.22
	[+1.57]
	15.63
	[+3.98]

	TM3 – 64QAM-3/4
	23.19
	[REF]
	23.50
	[+0.31]
	24.56
	[+1.36]
	27.34
	[+4.15]


Table 8: TM4 – SNR thresholds in dB for 70% Throughput and [gap to reference] – ETU5 
	Tx mode - MCS
	Interferer SNR=-100dB
	Interferer SNR=0dB
	Interferer SNR=5dB
	Interferer SNR=10dB

	TM4 – QPSK-1/3
	1.31
	[REF]
	1.68
	[+0.37]
	2.60
	[+1.29]
	4.35
	[+3.04]

	TM4 – 16QAM-1/2
	11.15
	[REF]
	11.33
	[+0.18]
	12.51
	[+1.36]
	14.89
	[+3.73]

	TM4 – 64QAM-3/4
	23.12
	[REF]
	23.37
	[+0.25]
	24.18
	[+1.06]
	26.72
	[+3.60]


3
Discussion
On the basis of the results in Sections 2.1-2.4 and tabulated values in Section 2.5, we make the following observations:
· Regardless of the transmission mode, ABS interference with 5-10 dB above noise power has significant impact to PDSCH demodulation assuming (Rel-8/9) baseline receiver – unaware of ABS interference, which confirms the findings in [1].  Consequently:
· New demodulation requirements are needed for PDSCH demodulation under TDM eICIC to account for residual CRS interference in non-MBSFN ABS.

· The observed loss at 70% throughput point wrt. single cell performance is:
· within ~0.5 dB for an interfering cell SNR of 0 dB;

· within ~1.5 dB for an interfering cell SNR of 5 dB;

· within ~4.2 dB for an interfering cell SNR of 10 dB.

· Required SNRs above 24 dB for 64QAM-3/4 dual-codeword (rank-2) transmission in TM3/4 under 5-10 dB interference are too high to offer realistic test points given practical UE implementation and impairments.

· Comparing together transmit modes under TDM eICIC interference:

· TM1 shows less degradation wrt. single cell performance compared to TM2, TM3 and TM4 likely because it is pure rank-1 transmission;
· TM2 performance lies in-between TM1 and TM3/4;
· TM3/4 rank-2 transmission suffers additional loss up to [0.5-1.2] dB wrt. rank-1 transmission with comparable MCS.
4
Conclusion
This contribution provided preliminary simulation results without receiver impairments for PDSCH demodulation under Rel-10 TDM eICIC. We note that for each transmit mode and MCS, an interferer level of 5-10 dB makes a significant difference to the results compared to the single cell case and hence new requirements are needed. For instance, assuming an interfering cell SNR of 5dB, the SNR requirement for PDSCH demodulation should be increased by at least 1.5dB wrt. comparable single cell case without an interferer.
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Annex – Simulation Assumptions
Table 9: 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 (TM1) or 2 Tx (TM2, TM3, TM4)
	2 Tx

	UE antenna configuration
	2 Rx

	CRS configuration / frequency shift 
	2 CRS
	2 CRS, different frequency shifts 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
	ETU, 5 Hz, 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=3
	CFI=3

	PDSCH – Transmit modes
	TM1 (single AP), rank-1

TM2 (transmit diversity), rank-1

TM3 (open-loop spatial mux.), rank-2

TM4 (closed-loop spatial mux.), rank-2
	 Non-MBSFN ABS interference

	PDSCH – MCS
	- QPSK-1/3
- 16QAM-1/2

- 64QAM-3/4
	-

	PDSCH – Detection
	Standalone (no joint PCFICH/PDCCH detection)
	-

	PDSCH – Resource allocation
	Full band (50 PRB)
	-



