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1. Introduction

Interference cancellation and coordination have been considered potential methods to improve the system performance. Some approaches for interference cancellation and avoidance have been proposed and studied in [1]. Since the interference coordination requires some bandwidth to be reserved for edge-of-cell users and is likely to reduce the sector throughput, we focus on the interference cancellation and study the ideal case. The results present a performance bound for EUTRA downlink.

2. Interference cancellation
Two approaches of interference cancellation are considered here: 1) decision-feedback based interference cancellation (IC); and 2) interference rejection combining (IRC).
· IC: we assume the signals from the strongest interfering node-B can be perfectly removed, by assuming a perfect decision-feedback receiver. Based on this assumption, the simulation results provide the bound of the interference cancellation methods.
· IRC: we assume the interference-plus-noise statistics is known at the receiver. For downlink communication, this assumption is less rigid and the degradation from practical channel estimation is less severe.
Table 1 summarizes the downlink system simulation reference cases given in Error! Reference source not found., [3], [4] and indicates the traffic type used.  Detailed simulation parameters are listed in Annex A. 
Table 1- Downlink system simulation assumptions

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Traffic Type

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	Used

	1
	2.0
	500
	10
	20
	3
	Full-buffer

	3
	2.0
	1732
	10
	20
	3
	Full-buffer


For comparison, a maximum-ratio-combiner (MRC) is used in the absence of interference cancellation.  Figure 1 presents the receiver output SINR distribution for Case 1. IRC provides about 1dB gain over MRC, where perfect IC provides extra 1.5dB gain. 
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Figure 1 - Distribution of receiver output SINR for case 1
Suppose the average CQI per RB is reported every 2ms on top of a 1.5ms feedback delay. Both time-domain scheduling (TDS) and frequency-domain (FDS) scheduling are simulated. System performance results are summarized in Table 2-5 for 10 UE’s per sector. More simulation results can be found in Annex B.
Table 2 - Case 1 results for MRC and interference cancellation with TDS
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T-put (Mbps) IRC (Mbps) gain IC (Mbps) gain

sector 15.3 16.2 5.9% 17.3 13.1%

avg user 1.53 1.62 5.9% 1.73 13.1%

5% user 0.34 0.38 11.8% 0.45 32.4%

Inteference Cancellation


Table 3 - Case 1 results for MRC and interference cancellation with FDS
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T-put (Mbps) IRC (Mbps) gain IC (Mbps) gain

sector 17.9 19 6.1% 19.9 11.2%

avg user 1.8 1.9 5.6% 2 11.1%

5% user 0.46 0.54 17.4% 0.57 23.9%

Inteference Cancellation


Table 4 - Case 3 results for MRC and interference cancellation with TDS


[image: image4.emf]MRC

T-put (Mbps) IRC (Mbps) gain IC (Mbps) gain

sector 14.2 15 5.6% 16.3 14.8%

avg user 1.4 1.5 7.1% 1.6 14.3%

5% user 0.26 0.29 11.5% 0.34 30.8%

Inteference Cancellation


Table 5 - Case 3 results for MRC and interference cancellation with FDS


[image: image5.emf]MRC

T-put (Mbps) IRC (Mbps) gain IC (Mbps) gain

sector 16.6 17.7 6.6% 18.8 13.3%

avg user 1.7 1.8 5.9% 1.9 11.8%

5% user 0.39 0.41 5.1% 0.46 17.9%

Inteference Cancellation


Obviously perfect IC gives much higher gain than IRC. From the table, the sector throughput with IC is less than 10-15%, where the gain is mostly on 5%-tile user throughput that is around 20-30%.  The gain from using IRC, however, is much less as around 5% on sector throughput and 10% on 5%-tile user throughput. The more noticeable gain on 5%-tile user throughput is because the gain on SINR for edge-of-cell users can greatly increase their MCS levels, where the increase in SINR is less helpful in improving MCS levels for close-to-cell users. The results also show that the gain from interference cancellation provides larger gain in TDS than FDS, based on the fact that UE’s have relatively higher SINR or MCS levels with FDS thanks to the frequency selectivity. The gain of using IC and IRC for different cell sizes is negligible for TDS, but more pronounced for FDS.
3. Conclusion

In this paper, we simulated IC and IRC for the downlink. Interference cancellation can provide 1-2.5dB gain on the receiver output SINR. The interference cancellation can at most improve the sector throughput by about 10%, but can increase the 5%-tile user throughput above 20%. The impacts on the system performance are:
· IC improves 5%-tile user throughput significantly (20-30%), but helps the total sector throughput only marginally (5-10%). 

· IRC can supply much less gain compared to IC.

· The gain from using IC/IRC is larger for TDS than FDS.

· Cell size does not change the gain of TDS, but affect FDS results more.
Based on the simulations, we can conclude that interference cancellation is very critical to achieve the performance target on 5%-tile user throughput.
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ANNEX A – System Simulation Assumptions

Table 4 - Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	HARQ
	IR with N=6 stop-and-wait HARQ protocal

	OFDM symbols (Data symbols) per subframe
	7 (5)

	Scheduler
	PF (both in time and frequency domain), round-robin

	Link Mapping
	EESM


ANNEX B – System Simulation Results
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Figure 2 - Case 1 results: sector t-put vs. 5% user t-put
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Figure 3 - Case 1: Fairness curve for 100 UEs per cell
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Figure 4 - Case3 results: sector t-put vs. 5%-tile user t-put
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