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1 Introduction

In RAN4 meeting #66bis, a WF on homogeneous CRS-IC was agreed [1], which provided the UE receiver assumptions and the evaluation methodology for both system level and link level simulation. Meanwhile the detailed system simulation assumptions have been agreed in [2]. 

In this contribution, we will discuss the methodology how to evaluate the CRS-IC in system simulation and then give the system simulation results of CRS-IC in homogeneous network based on agreed assumptions. 
Finally, we discuss the problem how to perform interference estimation for demodulation and CSI measurement when handling the colliding CRS interference in homogeneous network.
2 System simulation of CRS-IM in homogeneous network
2.1 Simulation assumptions 
In this section, we will give the simulation assumptions and the model of CRS-interference and CRS-IC in system simulation. Table 1 show the simulation assumptions as following:

Table 1: simulation assumptions for homogeneous CRS-IC aligned with [2] 
	Parameter
	Assumptions

	Scenarios
	3GPP case 1
19x3 cell, total 570 UE, 500 m ISD

	Bandwidth
	10 MHz

	Handover margin
	3dB

	Traffic model
	Non-full buffer FTP traffic Model 1 with different load

	Antenna configuration
	eNB 2TX antenna, 0.5 lamda wave length, | | polarized

UE 2RX antenna, 0.5 lamda wave length, | | polarized

	Transmission configuration
	TM4 with rank adaptation

	Scheduler
	PF

	CSI feedback
	PUSCH 3-1

	Cell selection
	RSRP based with cell-common RE bias value

	PDCCH symbol
	2 symbols

	UE receiver
	1) MMSE-IRC without CRS-IC

2) MMSE-IRC with ideal CRS-IM for 1st strongest interfering cell
3) MMSE-IRC with ideal CRS-IM for 2st strongest interfering cell
4) MMSE-IRC with ideal CRS-IM for all CRS interference


Regarding the impacts of CRS interference on PDSCH demodulation, we adopt the Alt 2 in [1] which averages the interference over all relevant REs for each codebook, and uses the averaged value as common noise level for each RE in effective SINR calculation. Regarding the impacts of CRS-IC on PDSCH demodulation, we assume the ideal CRS-IM to cancel the CRS interference. 
2.2 Simulation results 
Considering the non-full buffer traffic model, the following performance metrics will be provided, which are proposed in A.2.1.3.2 in [3].
-
Mean, 5, 50, 95 % user throughput (UPT)
-
User throughput = amount of data (file size) / time needed to download data

-
Served cell throughput (SCT)
-
Served cell throughput = total amount of data for all users / total amount of observation time / number of cells

-
Resource utilization (RU)

-
Resource utilization = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time

Different traffic loads are considered with the variable user arrival rates to obtain the different resource utilizations. The simulation results are shown in the following figures.
[image: image1.png]throughput (Mbps)

1

10

scT

IC all CRS interference

——IC two strong interference
IC ane strong interference
—— o CRSIC

a0 50 60 70 Eil

RU (percent)





Figure 1: SCT with different RU
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Figure 2: medium, 5%, 50%, 95% UPT with different RU
Table 2: Throughput gain with typical traffic load of CRS-IM in homogeneous network
	Different traffic load
	Performance metrics
	IC one intf.
	IC two intf.
	IC all intf.

	Low traffic load

(20% RU)
	Medium UPT
	3.4%
	5.3%
	9.7%

	
	5% UPT
	7%
	10.2%
	14.6%

	
	50% UPT
	5.4%
	8.3%
	13.7%

	
	95% UPT
	0%
	0%
	0%

	Medium  traffic load

(50% RU)
	Medium UPT
	4.1%
	5.4%
	5.4%

	
	5% UPT
	13.6%
	14.4%
	14.4%

	
	50% UPT
	5.0%
	7.4%
	7.9%

	
	95% UPT
	0.9%
	1.9%
	1.9%

	High traffic load

(70% RU)
	Medium UPT
	1.54%
	2.62%
	3.23%

	
	5% UPT
	1%
	2.5%
	3.5%

	
	50% UPT
	1.6%
	2.5%
	3.0%

	
	95% UPT
	0.6%
	1.3%
	3.4%


It could be observed from the above figures that:

· Compared with non-CRS-IM, the performance of UPT/SCT could be promoted by CRS-IM.
· From the aspect of different traffic load:

-
With low and medium traffic load (10% RU), the 5%, 50%, medium UPT could be significantly improved

-
With a high traffic load (>50% RU), the less throughput gain for all UE.
· From the aspect of different UE

-
The cell edge and medium UEs (with medium/5%/50% UPT user) could achieve better throughput gain over cell center UE.

-
Less throughput gain of CRS-IC for cell center UE.

· For the aspect of cancelling different interference cell
-
Better throughput gain could be achieved together with cancelling more CRS interference

3 Discussion of interference estimation for CRS-IM in homogeneous networks
Although the SI may focus on the non-colliding CRS interference scenario, it would be unclear how UE should estimate the interference for demodulation and CSI measurement, when handling the colliding CRS interference in homogeneous network. The improper UE behaviour might lead to the significant performance degradation as summarized in Table 3.
Table 3: Analysis of performance for interference measurement with and without colliding CRS mitigation
	Interference from neighbour cell
	UE behaviour of interference measuremetn 

	
	Mitigate the colliding CRS
	Not mitigate colliding CRS

	CRS+PDSCH interference
	Worse performance due to underestimation of interference for equalization and CSI measurement
	Better performance 

	CRS mainly
	Better performance
	Significant performance loss due to overestimation of interference for equalization and CSI measurement


For FeICIC if csi-MeasSubframeSet1 and csi-MeasSubframeSet2 is configured, the UE could performance the different interference measurement strategies on these restricted subframe sets:
· In the subframes indicated by csi-MeasSubframeSet1, the colliding CRS from aggressor cells within the list of NeighCellsCRS-Info-r11should be mitigated before the interference measurement.

· In the subframes indicated by csi-MeasSubframeSet2, since UE could not know whether PDSCH interference exist or not, the conservative way might be not to mitigate the colliding CRS interference. This way would be feasible if the network mainly schedule CRE UE in ABS.
However, for CRS-IM in homogeneous network, the potential linkage between csi-MeasSubframeSet1 and ABS and two CSI measurement subsets would not be available for UE. So it would be difficult for UE to determine whether or not to mitigate the colliding CRS for the interference measurement.
· Observation: For CRS-IM in the CRS-colliding scenario of homogeneous network, there exists a issue (or ambiguity) on how to perform interference measurement for demodulation and CSI measurement.
4 Conclusion
In this paper, we provide system simulation results for CRS-IM based on agreed assumptions. And we provide the observations based on the simulation results.

Besides, we want to point out an issue for the CRS colliding scenario, i.e., 
· Observation: For CRS-IM in the CRS-colliding scenario of homogeneous network, there exists a issue (or ambiguity) on how to perform interference measurement for demodulation and CSI measurement.

We suggest taking our results and analysis into consideration.
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