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1	Introduction
In RAN4 meeting #66bis, it was agreed to further investigate the benefits of CRS Interference Mitigation (IM) in homogeneous networks. 
Following the agreed simulation assumptions in [1], we present various downlink performance results with CRS IM in macro-only scenarios. It is shown that CRS IM provide performance gains up to 18% in 5%-ile and 13% in 50%-ile percentile user throughput when the CRS from all interferers is cancelled. 
2	System Level Simulation
2.1	Simulation assumptions
The 3GPP case 1 is a co-channel deployment of macro cells at 2GHz with 10 MHz bandwidth. In each simulation, the arrival rate is adjusted to match the target resource utilization of 5%, 20%, 50% and 70% when no CRS IM is used. The main simulation assumptions are summarized in Table 1.
Table 1. Simulation assumptions [1]
	Parameter
	Value

	Scenario
	3GPP case 1
19x3 cell, 500m ISD

	Transmit power
	46dBm

	Bandwidth
	10MHz at 2GHz carrier frequency

	Traffic model
	Non-full buffer FTP traffic model 1 with different load
and file size of 2Mbytes

	Antenna configuration
	2x2 with rank adaptation and interference rejection combining

	Scheduler
	Proportional Fair

	Average offered load
	2Mbps, 5Mbps, 10Mbps, 15Mbps

	Resource utilization
	5%, 10%, 50%, 70%



2.2	CRS Interference Mitigation
Assuming 2x2 MIMO, the CRS overhead is aproximately 9%, corresponding to an average power of rougly 10dB of the total transmission power.

For each cell, we distinguish two states:
· The cell has users to be scheduled. In this case, the generated interference to other cells is the sum of the power generated by the data transmission and the CRS. 
· The cell has no users to be scheduled. In this case, the interference to other cells comes only from the CRS transmission.
Moreover, we define two parameters related to the CRS-IC:
· N is a parameter indicating the number of interfering cells that a UE is able to cancel. Thus, the UE is capable to suppress the N strongest co-channel interfering cells. According to [1], N = 0, 1, 2, where 0 means no CRS IM. We also use N = ∞ to indicate that the CRS from all perceived interferers is suppressed. 
· X is a parameter capturing the imperfections in the interference cancellation. For instance, X = 10dB means that the UE is capable of reducing 10dB from the interfering CRS. The considered values in this contribution are X = 0dB, 10dB, 20dB and ∞, where 0dB means no CRS IM and ∞ implies ideal cancellation (no residual CRS interference from the suppressed cells). If the UE is cancelling e.g. 2 cells, then the factor X is equally applied to both interferers. It models the worst case, since in practice the residual interference from the dominant cell is lower than successive weaker interferers. 
When there are users to be scheduled, the total cell transmit power equals I=Pcrs+Pdata, where Pcrs is the CRS and Pdata the data symbol Tx power, respectively. Then after the IC the equivalent perceived interference equals  
Similarly, when the interfering cell is empty the perceived interference is due to the CRS transmission, I=Pcrs, and after the IC the equivalent perceived interference equals  
3	Performance Results
In Table 1, the end-user throughput and the relative gains in throughput for different values of the traffic load and number of cancelled interferers is shown. In the Table, no imperfections are assumed for the cancelled interferers (X = ∞). The cases with no CRS IC, cancellation from the two strongest interferers and cancellation from all the interferers are shown (N = 0, 2, ∞). Both the 5%-ile and 50%-ile values are reported. 
It can be observed that as the traffic load increases (the resource utilization) increases, the 5%-ile gain obtained from cancelling the CRS from the strongest macro neighbours decreases, since the probability of the suppressed cells of having users to be scheduled increases and the impact of cancelling the CRS over the whole received interference is therefore less significant. CRS IM is more challenging for users located far from the macro, due to the weak signal perceived from their serving cell and the difficulties in estimating the CRS interference. At the same time, it is precisely users very far from the serving cell the ones getting the main benefit from CRS IM. 
Table 2. User throughput and relative gain with typical traffic loads and CRS IM (X=∞)
	
	User Throughput
	Relative gain in user throughput

	Average Traffic Load
	Performance metrics
	No CRS IC
(N=0)
	CRS IC from the two strongest interferers
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	CRS IC from all interferers
(N=∞)
	CRS IC from the two strongest interferer
(N=2)
	CRS IC from all interferers
(N=∞)

	2Mbps (~5% RU)
	5%-ile
	18.7Mbps
	19.8Mbps
	20.6Mbps
	5.9%
	10.2%

	
	50%-ile
	38.0Mbps
	41.1Mbps
	45.6Mbps
	8.1%
	20%

	5Mbps (~20% RU)
	5%-ile
	12.7Mbps
	13.5Mbps
	14.3Mbps
	6.3%
	12.6%

	
	50%-ile
	30.3Mbps
	31.5Mbps
	33.9Mbps
	3.9%
	11.9%

	10Mbps (~50% RU)
	5%-ile
	6.4Mbps
	6.7Mbps
	7.2Mbps
	4.7%
	12.5%

	
	50%-ile
	18.6Mbps
	19.4Mbps
	20.8Mbps
	4.3%
	11.8%

	15Mbps (~70% RU)
	5%-ile
	2.7Mbps
	2.8Mbps
	3.0Mbps
	3.7%
	11.1%

	
	50%-ile
	8.7Mbps
	9.0Mbps
	9.9Mbps
	3.4%
	13.8%



[bookmark: OLE_LINK1]The impact of the two design parameters N and X is shown in Figure 1, where the 5%-ile and 50%-ile UE throughput is plotted for different values of N and X, and two representative values of the average traffic load are reported (2Mbps, corresponding to 5% of resource utilization, and 10Mbps which leads to 50% of resource utilization). X is set to 0 dB (no CRS cancellation), 10dB, 20dB and ∞ dB and N is set to 0 (no CRS cancellation), 1, 2 and ∞. It is observed that cancelling one or the two strongest cells provides moderate gains that are far from the full potential gain when all interferers are suppressed. Moreover, the gain seems to be not very sensitive to the imperfections captured in the parameter X, and setting X to 10dB and 20dB provides throughputs very close to the ideal case with X = ∞. For example, with a load of 2Mbps and the two strongest cells cancelled, the throughput with X = 10dB is 19.7 and 19.8 with X = ∞, that is, a relative difference of only 0.05%. 
[image: ][image: ]
[image: ][image: ]
 
Figure 1.  Downlink end-user 5%-ile and 50%-ile throughput performance for 3GPP scenario 1 with CRS IM.
4	Conclusions
In this contribution, system level simulations results are provided showing the potential gain of CRS IM. The main observations are:
· Performing CRS IM from the two strongest interferers provides moderate performance gains of up to 6% in 5%-ile user throughput and 8% in 50%-ile user throughput for low values of resource utilization. When all the perceived interferers are suppressed, the performance gains increase to 10% in 5%-ile and 20% in 50%-ile user throughput.
· The benefits of CRS IM are more important when the load is low, since the probability of cells being empty increases, and hence the interference term is composed uniquely of the CRS received power. Therefore, we propose further checking the gains for 5% RU and 20% RU in link level. 
· Cancelling the two strongest interferers is insufficient to exploit the full potential gain of CRS IM. In contrast to what it was observed in Heterogeneous Networks, with a clear dominant interference, in homogeneous scenarios the interference is more distributed and there is significant potential gain from cancelling more than two interferers. 
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