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1 Introduction 

In RAN #67, it was agreed that reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed. It was also agreed to recommend to RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation. Performance evaluations for reduced power ABS (i.e., non-blanked ABS) were reported by some companies [2-5].

In this contribution, we provide some performance evaluation of Interference Cancellation (IC) solution using the ETU channel model, with 6 and 12dB Cell Offset Bias, for 40% ABS. We offer some preliminary observations for both (i) blanked ABS and (ii) reduced power ABS. 
Furthermore, we also consider the eICIC and CRS-IC performance for 2 cases of ABS: (i) ABS in the 57 surrounding cells and (ii) Single-cell ABS where only the macro uses ABS.
2 Simulation Modeling Assumptions
Simulation Assumptions are detailed in the Appendix (see Tables 13 and 14). All the parameters applied are aligned with TR 36.819, and TR36.814.
The channel model follows ETU (3 km/hr). User Deployment Scenario is Configuration 4b, with 4 Picocells deployed in one Macrocell coverage. Evaluations are made for Cell Offset Bias values of 6, 12 dB, each for ABS Duty Cycles of 40% and 60%. The full buffer traffic model is used. 
3 Evaluation Results for cluster (57-cell) ABS/eICIC 
In each ABS, 1 eNB (single-cell ABS) or 57 eNBs (clustered ABS) are either muted or use reduced transmit power (depending on whether the ABS is blanked or non-blanked). The Pico scheduler selects an In-cell UE during a regular subframe, and either an In-cell or CRE UE during an ABS.
For IC, CRS Interference from 2 Dominant Interferers is (partially) subtracted. The Cancellation Efficiency curve used appears in the Appendix (see Table 14). Performance results for Realistic and Ideal Cancellation are presented. Ideal Cancellation is taken to mean full (100%) cancellation of CRS Interference from 2 Dominant Interferers.
Table 1: Performance Evaluation of IC Solution for the ETU Model, at CRE Bias = 6 dB and ABS = 40%. The experiments are for blanked ABS, with 57 eNBs participating in the ABS (clustered ABS).
	
	w/o Rx/Tx Solution


	IC-2


	Ideal IC-2



	PUE Ratio


	46.67%

	Number of ABS


	40% (blanked ABS, 57-cell eICIC)

	5% User Throughput

(bps/Hz/User)

	0.0075
	0.0075 (0.00%)
	0.0075 (0.00%)

	50% User Throughput

(bps/Hz/User)

	0.0306
	0.0320 (4.58%)
	0.0330 (7.84%)

	95% User Throughput

(bps/Hz/User)

	0.2534
	0.2565 (1.22%)
	0.2888 (13.97%)

	Total Throughput

(bps/Hz)


	4.1302
	4.2106 (1.95%)
	4.7293 (14.51%)


Table 2: Performance Evaluation of IC Solution for the ETU Model, at CRE Bias = 12 dB and ABS = 40%. The experiments are for blanked ABS, with 57 eNBs participating in the ABS (clustered ABS).
	
	w/o Rx/Tx Solution


	IC-2


	Ideal IC-2



	PUE Ratio


	63.58%

	Number of ABS


	40% (blanked ABS, 57-cell eICIC)

	5% User Throughput

(bps/Hz/User)

	0.0125
	0.0133 (6.48%)
	0.0136 (8.80%)

	50% User Throughput

(bps/Hz/User)

	0.0323
	0.0344 (6.50%)
	0.0418 (29.41%)

	95% User Throughput

(bps/Hz/User)

	0.2133
	0.2138 (0.23%)
	0.2307 (8.16%)

	Total Throughput

(bps/Hz)


	3.8105
	3.9089 (2.58%)
	4.3060 (13.00%)


CRS-IC Trends: (refers to columns “IC-2” and “Ideal IC-2” in Tables 1-2)
1. For a given Cell Offset Bias, and a given ABS duty cycle, one would expect the 5%ile pico user to benefit the most from Interference Cancellation of the CRS, and the 95%ile user to benefit the least (the 5%ile Pico user, being closest to the Macro, would have the highest cancellation SINR, while the 95% Pico user being close to the Pico will have the lowest cancellation SINR). Results in Tables 1-4 however show a higher gain for the 50%ile user as compared to the 5%ile user, and a lower gain for the 95%ile user. The reason is that in fact the 5%ile users are a mix of Macro and Pico UEs. Whereas ABS helps Pico UEs, it hurts the Macro UEs, reducing overall gain to the 5%ile UE population. The 50%ile users comprise a greater proportion of the Pico UEs, who benefit from IC. The 95%ile users, as expected, benefit the least.
2. Keeping ABS duty cycle fixed at 40%, while increasing Cell Offset Bias from 6 dB to 12 dB, we observe a greater benefit from Interference Cancellation of the CRS symbols. This is because a larger Cell Offset Bias expands the CRE region, enabling more UEs to attach to the Pico, and to cancel the CRS. Moreover, CRS SINRs (and hence Cancellation Efficiencies) are better, since the UEs are pushed closer to the Macro. This trend is also observed even for ABS = 60% (while increasing Bias from 6 dB to 12 dB) (results not shown here).
Table 3: Performance Evaluation of IC Solution for the ETU Model, at CRE Bias = 6 dB and ABS = 40%. The experiments are for reduced power ABS, with 57 eNBs participating in the ABS (clustered ABS).
	
	w/o Rx/Tx Solution


	IC-2


	Ideal IC-2



	PUE Ratio


	46.67%

	Number of ABS


	40% (non-blanked ABS, 57-cell eICIC)

	5% User Throughput

(bps/Hz/User)

	0.0112
	0.0113 (0.89%)
	0.0115 (2.68%)

	50% User Throughput

(bps/Hz/User)

	0.0336
	0.0337 (0.30%)
	0.0341 (1.49%)

	95% User Throughput

(bps/Hz/User)

	0.2333
	0.2332 (-0.04%)
	0.2362 (1.24%)

	Total Throughput

(bps/Hz)


	4.1039
	4.1162 (0.30%)
	4.1705 (1.62%)


Table 4: Performance Evaluation of IC Solution for the ETU Model, at CRE Bias = 12 dB and ABS = 40%. The experiments are for reduced power  ABS, with 57 cellss participating in the ABS (clustered ABS).
	
	w/o Rx/Tx Solution


	IC-2


	Ideal IC-2



	PUE Ratio


	63.58%

	Number of ABS


	40% (non-blanked ABS, 57-cell eICIC)

	5% User Throughput

(bps/Hz/User)

	0.0129
	0.0130 (0.78%)
	0.0131 (1.55%)

	50% User Throughput

(bps/Hz/User)

	0.0361
	0.0363 (0.55%)
	0.0368 (1.94%)

	95% User Throughput

(bps/Hz/User)

	0.2111
	0.2113 (0.09%)
	0.2142 (1.47%)

	Total Throughput

(bps/Hz)


	3.9814
	3.9932 (0.30%)
	4.0428 (1.54%)


Observations for reduced power ABS, 57-cell eICIC

eICIC (Throughput) Trends: (refers to column “w/o Rx/Tx Solution” in Tables 3-4)

1. As a result of reduced power (non-blanked) ABS, (a) the 5%ile users now comprise a larger population of Pico UEs as compared to the previous case of blanked ABS, and (b) this is all the more true for larger Cell Biases (e.g. 12 dB vs. 6 dB). As before, recall that Pico UEs benefit from ABS while Macro UEs lose out. In the case of non-blanked ABS, the Macro UE loss is comparatively smaller.
2. The 95%ile user throughputs follow the same trends as the case for blanked ABS, particularly for a Cell Offset Bias of 12 dB.
3. A reduced power ABS strategy seems to go against Total Throughputs at 6 dB bias (Tables 1 vs. 3), but improves them at 12 dB bias (Tables 2 vs. 4).

CRS-IC Trends: (refers to columns “IC-2” and “Ideal IC-2” in Tables 3-4
1. A macro eNB transmitting data to its UEs even if at reduced transmit power in the ABSs adds to the interference experienced by the Pico UEs. Since Pico UEs cancel interference only for the CRS REs but not the rest, considerably less performance improvement should be expected. This is reflected in Table 4.
4 Evaluation Results for Single-cell ABS 
We now turn our attention to more practical cases when picocells are deployed only in those cells containing traffic hot spots.  In general HetNet deployment, pico cells would be added when a macro cell experiences outage (e.g. failure call attempt) within its coverage due to system capacity constraints. A typical example of initial HetNet deployment is that pico cells are added to a macro cell while the surrounding macro cells are homogeneous.  Then only a macrocell containing a picocell will use ABS, since the other macrocells do not have anything to gain from ABS. We present here results when only single-cell ABS is employed. Results for intermediate cases, e.g. when ABS/eICIC is co-coordinated over say 8 cells (1-tier), can be interpolated from these two sets of results.
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Fig 1: Plot showing the CDF of all UEs in the combined region (Macro and 4 Picos). The Bias value is 6 dB, and the ABS Duty Cycle is 40%. Curves are shown to compare the performance of the case when CRS Interference is not cancelled, and the case when CRS from 2 Dominant Interferers is cancelled (Realistic Cancellation and Ideal Cancellation are considered)
Table5: Performance Evaluation of IC Solution for the ETU Model, at CRE Bias = 6 dB and ABS = 40%. The experiments are for blanked ABS, with 1 eNB participating in the ABS (single-cell ABS).
	
	w/o Rx/Tx Solution


	IC-2


	Ideal IC-2



	PUE Ratio


	46.67%

	Number of ABS


	40% (blanked ABS, 1-cell eICIC)

	5% User Throughput

(bps/Hz/User)

	0.0075
	0.0075 (0.00%)
	0.0076 (1.33%)

	50% User Throughput

(bps/Hz/User)

	0.0265
	0.0270 (1.89%)
	0.0276 (4.15%)

	95% User Throughput

(bps/Hz/User)

	0.2306
	0.2328 (0.95%)
	0.2379 (3.17%)

	Total Throughput

(bps/Hz)


	3.8338
	3.8697 (0.94%)
	3.9788 (3.78%)
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Fig 2: Plot showing the CDF of all UEs in the combined region (Macro and 4 Picos). The Bias value is 12 dB, and the ABS Duty Cycle is 40%. Curves are shown to compare the performance of the case when CRS Interference is not cancelled, and the case when CRS from 2 Dominant Interferers is cancelled (Realistic Cancellation and Ideal Cancellation are considered)

Table 6: Performance Evaluation of IC Solution for the ETU Model, at CRE Bias = 12 dB and ABS = 40%. The experiments are for blanked ABS, with 1 eNB participating in the ABS (single-cell ABS).
	
	w/o Rx/Tx Solution


	IC-2


	Ideal IC-2



	PUE Ratio


	63.58%

	Number of ABS


	40% (blanked ABS, 1-cell eICIC)

	5% User Throughput

(bps/Hz/User)

	0.0065
	0.0070 (7.69%)
	0.0073 (12.31%)

	50% User Throughput

(bps/Hz/User)

	0.0306
	0.0312 (1.96%)
	0.0322 (5.23%)

	95% User Throughput

(bps/Hz/User)

	0.2071
	0.2081 (0.48%)
	0.2138 (3.24%)

	Total Throughput

(bps/Hz)


	3.6202
	3.6542 (0.94%)
	3.7406 (3.33%)


Observations for Blanked ABS, 1-cell eICIC

eICIC (Throughput) Trends: (refers to column “w/o Rx/Tx Solution” in Tables 5-6)

1. With a single-cell ABS/eICIC, we find correspondingly lower values for the 5%ile, 50%ile, 95%ile, and the Total Throughput values (Tables 5-6 vs. 1-2). This is to be expected, since the UEs experience greater interference (small SINRs) as a result of the transmissions from the many eNBs in the vicinity. 
2. From our simulations, for eICIC region limited to the centre cell, we observe that :muting the Macro increases CRE UE SINR ~5 dB over its typical value (i.e. CRE ABS SINRs are ~5 dB higher than CRE non-ABS SINRs).
CRS-IC Trends: (refers to columns “IC-2” and “Ideal IC-2” in Tables 5-6)

The trends observed earlier continue to hold (as with the case when all 57 macros are muted), but now, the % gains due to CRS-IC are lesser. For a given Total Throughput (bps/Hz), muting 57 eNBs allows us to use higher Cell Offset Biases, which pushes CRE UEs closer to the Macro, which increases Cancellation SINRs, which in turn increases IC.
5 Key Observations & Conclusions
· A reduced power ABS strategy seems to reduce Total Throughputs at 6 dB bias (Tables 1 vs. 3 and 2 vs. 4), but improves total throughput at 12 dB bias (Tables 2 vs. 4).
· CRS-IC gains for the reduced power ABS strategy are negligible.

· For a given Total Throughput (bps/Hz), muting 57 eNBs allows us to use higher Cell Offset Biases, which pushes CRE UEs closer to the Macro, which increases Cancellation SINRs, which in turn increases IC.
Realistic cancellation does not show large performance degradation compared with Ideal Cancellation. 
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7 Appendix
Simulation Assumptions
	System
	LTE fc = 2GHz, W = 10 MHz

	Geometry & Layout


	Hexagonal grid

ISD = 500 m

2-tier, 19-cell, 57-sector layout

4 Picos in center sector



	Antenna Configuration


	2 Tx, 2Tx, 2 Rx (downlink transmission)



	Antenna Vertical Tilt
	(for ETU) 15° (macro)/0° (pico)

	Channel Model


	ETU (3 Km/hr, Doppler = 5Hz)

	Receiver
	2x2 MMSE (Option-1), No H-ARQ

	User Population Scenario


	HetNet 4b (60 UEs total)


	Traffic Model


	Full Buffer



	PCID Planning


	Macro – Planned, Pico – Random



	Sub-frame Configuration


	Non MBSFN sub-frames



	TX mode


	TM 9



	CRS Power


	No power boosting



	ABS Pattern/Duty Cycle
	Fixed (baseline) – 40, 60%

	Cell Offset Bias Values 
	6, 12 dB

	Tx Power
	46 dBm or 46 – offset dBm (Macro), 
30 dBm (Pico)

	Antenna Pattern (fixed patterns)
	Macro eNB 
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Pico : Omni directional



	Antenna Gains
	14 dBi (Macro), 5 dBi (Pico), 0 dBi (UE)

	Antenna Height
	32 m (Macro eNB), 1.5 m (UE)

	Path Loss
	Macro : 

128.1 + 
37.6 *log10(BS_MS_distance/1000)

Pico :

140.7 + 36.7*log10(lpn_MS_distance/1000) 


	Lognormal Shadowing Standard Correlation

	10 dB

	Shadowing Correlation Between Cells
	0.5 (between cells)

1.0 (between sectors of a given cell)


	UE Noise Figure
	9 dB

	User Placement
	35 m (Minimum Macro-UE distance)

10 m (Minimum Pico-UE distance)

75 m (Minimum Macro-Pico distance)

40 m (Minimum Inter-Pico distance)

User placement is random (Table A.2.1.1.2-4)


	CQI Reporting
	3 TTI (3 msec) delay


CRS interference cancellation factors (fraction of interference removed by cancellation) after MMSE weighting for the ETU Channel (3 km/hr). Here, N = 4, averaging in time direction and half of PRB in frequency.
	SINR (dB)
	-20
	-18
	-16
	-14
	-12
	-10
	-8
	-6
	-4
	-2
	0

	Canc. factor
	0.0190
	0.0268
	0.0393
	0.0585
	0.0874
	0.1261
	0.1810
	0.2528
	0.3335
	0.4177
	0.4966

	SINR (dB)
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20
	22

	Canc. factor 
	0.5625
	0.6117
	0.6740
	0.6484
	0.6921
	0.7034
	0.7110
	0.7157
	0.7181
	0.7201
	0.7213

	SINR (dB)
	24
	26
	28
	
	
	
	
	
	
	
	

	Canc. factor 
	0.7219
	0.7224
	0.7227
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