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[bookmark: _Ref298777854]Introduction
This paper provides the evaluation methodologies and initial simulation assumptions for enhanced performance requirements for LTE UE CRS-IM studies.
Baseline receiver structure
According to the SI description [2], the baseline receiver can be: 
· Reuse of CRS IM receiver assumed for Release 11 FeICIC.
· Reuse of MMSE-IRC receiver as the baseline receiver. MMSE-IRC does not differentiate CRS or data interference when suppressing them and was assumed for Release 11 work item on interference rejection combining.
Evaluation methodologies and timeline
Evaluation steps and timeline are show in as follow:
· RAN4 #66bis (April 2013):
· Agreement on scenarios and simulation assumptions for system simulations including traffic loading levels. 
· Agreement on the baseline receiver.
· RAN4 #67 (May 2013):
· First review of system simulation results
· Agreements on link simulation assumptions based on traffic loading levels evaluated and the corresponding gain observed. 
· RAN4 #68 (August 2013): 
· Review of final system simulation results including realistic CRS IM modeling
· Review of link simulation results
· Conclusion on CRS IM gain in synchronous homogeneous network deployments.
· Finalize TR
In this study, LTE throughput estimates are developed using link level simulations, which include the other-cell interference. In addition, system level performance is assessed to determine the gains that CRS-IM receiver might provide in throughput and coverage. In order to get LTE throughput estimates using link level, the study item will developed models for this interference in terms of their powers relative to the total other cell interference power, and their resource allocation according to traffic loading levels. System level simulation will provide input for these models, such as the relative value of the interference and time offset/frequency offset, etc. Complexity issues associated with implementing these types of receivers are also discussed.
Simulation assumptions for interference modelling
Methodology to define interference power
Method 1: based on DIP


In the investigations in HSDPA SI, the dominant interferer proportion (DIP) was defined as a key parameter in order to define the interference power. The inter-cell interference is categorized into two parts on asynchronized network. Therefore, the DIP was defined as the ratio of the power of a given interfering eNodeBs over the total other cell interference power. The DIP of synchronized, and asynchronized interference, ,  is expressed as follows [1].
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	· 





where , is the average received power from the j-th strongest eNodeB for synchronized, and asynchronized interference ( implies serving cell), Ioc is defined as follows:
	
.
	· 



N is the thermal noise power over the received bandwidth, and  is the number of synchronization eNodeBs and  is the number of asynchronization eNodeBs. Note that power from the serving cell, , is never included in any DIP calculation. The low geometries such as 0 dB and -3 dB cases should be evaluated for Rank-1 transmission.

Method 2: Based on INR
In the investigations in FeICIC WI, the dominant interference over  (INR) was defined as a key parameter in order to define the interference power.  is the interference from all cells that don’t include the mitigated dominant interfere cell(s).

where 


 is the average received power from the j-th strongest interfere base station measured on serving cell CRS REs. is the thermal noise power over the received bandwidth, and NBS is the total number of base stations considered including the serving cell,  is the number of dominant interfere cell(s) which can be mitigated by UE.   is the average CRS received power from the  strongest interfere base station. The serving cell SNR can be defined as 

where  is the average CRS received power from the serving cell. 

To decide the  and , one simply way is just to reuse the methodology in FeICIC, but the problem is it is difficult to get agreement on which percentage tile shall be used for the gain evaluation. Further, in FeICIC, only one set interference level is used for performance evaluation, it may be fine for WI, but for study item, it is better to show the whole picture for the CRS-IM gain. In advanced receiver discussion [1], interference profiles based on weighted average throughput gain is well documented and can be reused here. This method develops multiple sets of DIP ratios, the resulting throughput gains of which are averaged to find an average throughput gain. Similarly, we can develop multiple sets of INR ratio, the resulting throughput gains of which are average to find an average throughput gain. The detail step for DIP is given in [3] [4], we modify it into the following steps:
1. Given SNR. (Note: The way to decide SNR can reuse similar way as define geometry used in advanced receiver discussion [1]). 
2. From a sample of randomly dropped UEs, we selected those with SNR close to the specified condition with a tolerance of ±0.2 dB. The INR values were logged for those UEs, and multiple realizations were performed in order to obtain a significant number of samples. 
3. After saving the conditioned INR values from all samples, the INR values are sorted according to the first INR () in ascending order, after this, the data set is binned in 5-percentile bands. 
4. A mean of  inside a 5-percentile band is taken, yielding one characteristics INR value per each 5-percentile. At the end of the process, 20 characteristic INR values are obtained. In this example,  is also saved and processed together with the INRs. (Note: For each loading and one SNR, we can have one sheet for it.)
5. The next step will involve link level simulations in order to map a link level throughput gain onto each INR set, considering both baseline and studied receiver. 

Discussion on method 1 and method 2
For method 1, it is more suitable for full load. For method 2, it is more suitable for partial load. For this study, the main focus is partial load.  Hence, it is better to use method 2 as the methodology to model the interference. 
MCS selection
In advanced receiver discussion, both fixed MCS and OLLA is used for MCS selection. In CRS-IM, the same methodology can be reused here. The gain can be based on fixed MCS and OLLA given SNR,  and . 

System level parameters
System level simulations should focus on homogeneous deployments in 3GPP case 1 scenario. For traffic model, non-full-buffer model (FTP-like) are assumed as baseline. 
Simulation assumptions for interference modelling are provided in Table 3. The simulation assumptions are fully reusing the simulation assumption defined for advanced receiver discussion [1]. One minor modification is change the full buffer in advanced receiver discussion to non-full-buffer. 
[bookmark: _Ref352766024]Table 3: Simulation assumptions for interference modelling [1]
	Parameter
	3GPP Case 1

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

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

	Inter-site
	500 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
	



degrees, 

	
	Vertical
	



degrees, 
Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	
	
	
degrees

	
	Combining method in 3D antenna pattern
	


	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	Traffic model
	non-full buffer

	Network synchronization
	Synchronized

	PCI planning
	Planned cell ID layout with 3-CRS shift patterns (“Shifted CRS”)

	UE distribution
	Uniformly distributed, all users outdoors, speed 3 km/h

	Noise figure
	9 dB in UE

	Cell selection
	RSRP based cell selection with 1dB HO margin

	DL Transmission schemes
	Spatial multiplexing, 2 layers, QPSK/16QAM/64QAM

	File size, S

	2 Mbytes (0.5 Mbytes optional)
 (one user downloads a single file)

	User arrival rate λ
	Poisson distributed with arrival rate λ

	Possible range of λ
	[0.5, 1, 1.5, 2, 2.5] for 0.5 Mbytes, [0.12, 0.25, 0.37, 0.5, 0.625] for 2 Mbytes
Corresponding RU [10%, 20%,30%,40%,50%] 

	Geometry
	TBD




Summary
In this contribution initial simulation assumptions and methodology for interference modeling were provided. Interested companies are requested to provide the simulation results for interference profile/ modeling for RAN4#67 meeting.
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