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1. Introduction
In RAN #66, a new work item has been approved on performance requirements of MMSE-IRC receiver for LTE BS [1]. Our companion contribution in [2] proposes to give first priority to SIMO PUSCH to SIMO PUSCH collision under synchronous network. In this contribution, we discuss the interference modeling methodology for BS MMSE-IRC, and provide some initial system-level simulation results for PUSCH interference profile under synchronous homogeneous network.
2. Interference modeling for BS MMSE-IRC receiver
Similar to the previous study on interference aware receivers, interference models/profiles need to be developed for BS MMSE-IRC in order to assess the link level performance. Studying the interference statistical measures provides useful insight into understanding the complex interference environment. 
2.1. Statistical measurements
In this subsection, we first introduce two types of statistical measurements. One referred to as the Dominant Interferer Proportion (DIP) ratio, was agreed as the parameter for defining the interference profiles for UE MMSE-IRC receiver [3]. The other one denoted as Ik/Noc was used for defining the interferenrece profiles for FeICIC [4], CRS-IM [5] and NAICS [6]. 
The DIP is defined as the ratio of the power of a given dominant interferer over the total received power of all interferers along with the white noise. DIPi value is unchanged with the number of explicitly modeled interferers. The DIP model is more suitable for full buffer traffic.
Ik/Noc is defined as the ratio of the power of a given dominant interferer over the total received power of all the non-dominant interferers excluding the strongest M along with the white noise. The Ik/Noc model is more suitable for FTP traffic, since it allows for flexibility when modeling partial loading traffic. For calculating Noc, the value of M, i.e., the number of explicit interferers, needs to be decided at first.
Since full buffer is suggested to be baseline traffic model for BS MMSE-IRC in our companion contribution [7], we propose to use DIP based interference modeling for BS MMSE-IRC. For UL, the DIP is expressed as follow:
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 is the average received power from the UE scheduled by cell i (
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 implies the average received power from the UE scheduled by the serving cell), σ2 is the thermal noise power over the considered bandwidth, and Ncell is the total number of cells including the serving cell. Note that 
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 is never included in any DIP calculation.
Proposal 1: Use DIP based interference modeling.
2.2. Interference profile
In the Rel-11 SI for UE MMSE-IRC receiver, three methods were considered for deriving interference profiles [3].

Method 1: Interference profile based on unconditional medium DIP values
· A single set of medium DIP values is slected for all the simulated UEs.
Method 2: Interference profile based on conditional medium DIP values
· Considering that interference conditions are different for UEs in different locations, medium DIP values conditioned certain DL wideband SINR (geometry) levels are developed.
Method 3: Interference profile based on weighted average throughput gain

· This method first develops 20 sets of DIP ratios based on the following procedure [8]:
· Save the DIP conditioned on a certain geometry level from all samples; the DIP values are sorted according to the first DIP (DIP1) in ascending order, after this, the data set is binned in 5-percentile bands.
· A mean of all DIP values inside a 5-percentile band is taken, yielding one characteristics DIP value per each 5-percentile. At the end of the process, 20 characteristic DIP values are obtained.
· The link-level throughput gains based on the 20 sets of DIP ratios are then averaged to find an average throughput gain. The set of DIP ratios closest to this average is selected as the typical interference profile.
Method 3 is finally accepted in Rel-11 UE MMSE-IRC WI, because method 3 is more appropriate representation of the potential MMSE-IRC gain over MMSE. In comparison, the first two methods might give a pessimistic assessment of the potential gain that an MMSE-IRC receiver capability might provide.
Proposal 2: Reuse the method 3, namely interference profile based on weighted average throughput gain, to derive interference profile for BS MMSE-IRC receiver with one modification: DIPs are conditioned on UL wideband SINR instead of DL wideband SINR (geometry).
Considering the SINRs of interest, we propose to cover three types of UEs in phase I link-level evaluation:
· Low SINR UEs: UEs with UL wideband SINR close to 5%-tile UL wideband SINR with a tolerance of +/-0.2dB.
· The first priority, for verifying the performance gain brought by MMSE-IRC.
· Medium SINR UEs: UEs with UL wideband SINR close to 50%-tile UL wideband SINR with a tolerance of +/-0.2dB.
· For verifying the performance gain brought by MMSE-IRC.
· According to the system-level simulation results in [9], MMSE-IRC receiver can achieve obvious throughput gain over MMSE receiver in both cell-edge and cell-average.

· High SINR UEs: UEs with UL wideband SINR close to 95%-tile UL wideband SINR with a tolerance of +/-0.2dB.
· For verifying the performance robustness of BS MMSE-IRC receiver, i.e., ensure at least no performance loss compared to MMSE.
· For cell-center high-SINR UEs, some BSs may employ MMSE-IRC receiver, while others may switch to MMSE receiver.
Proposal 3: Include three types of UEs for phase I link-level evaluation: low SINR UEs, medium SINR UEs and high SINR UEs.
3. Initial simulation results for interference profile
System level simulations are conducted to generate results for the statistical measures. In this section, we provide initial system simulation results for PUSCH interference profile under synchronous homogeneous scenario. The simulation assumptions proposed in our companion contribution [7] are used, and these assumptions are copies in the Annex. The UL wideband SINR CDF curve is shown in Figure 1. The target SINR ranges as well as the conditional median DIP values (i.e., the method 2 mentioned above) are listed in Table 1. Note that the method 2 with conditional median DIP values is just used for our initial simulation, and the final DIP values should be determined using the method 3 (interference profile based on weighted average throughput gain). 
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Figure 1. UL wideband SINR

Table 1. Conditional DIP median value
	
	Low SINR UEs (5%-tile)
	Medium SINR UEs (50%-tile)
	High SNR UEs (95%-tile)

	UL wideband SINR range (dB)
	-2.70 +/- 0.2
	5.70 +/- 0.2
	13.09 +/- 0.2

	DIP1 (dB)
	-1.09
	-3.19
	-5.24

	DIP2 (dB)
	-9.54
	-7.80
	-8.42

	DIP3 (dB)
	-15.48
	-11.14
	-10.50


4. Conclusions
In this contribution, we discuss the interference modeling methodologies for BS MMSE-IRC receiver and provide our initial simulation results for PUSCH interference profile under synchronous homogeneous scenario. Following proposals are made:

Proposal 1: Use DIP based interference modeling.
Proposal 2: Reuse the method 3, namely interference profile based on weighted average throughput gain, to derive interference profile for BS MMSE-IRC receiver with one modification: DIPs are conditioned on UL wideband SINR instead of DL wideband SINR (geometry).
Proposal 3: Include three types of UEs for phase I link-level evaluation: low SINR UEs, medium SINR UEs and high SINR UEs.
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Annex: System-level simulation assumptions
The following two scenarios are proposed for the evaluation of BS MMSE-IRC. In this contribution, the initial simulation results for scenario 1 are provided.
· Scenario 1: Homogeneous deployment with macro cell only

· Scenario 2: Heterogeneous deployment with co-channel LPN within the macro cell coverage
Table A-1 System-level simulation assumptions

	
	Macro cell (for scenario 1 and 2)
	LPN (for scenario 2) 

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

	Carrier frequency 
	2 GHz

	System bandwidth
	10 MHz

	ISD
	500 m
	

	Total BS TX power
	46 dBm
	30 dBm

	Distance-dependent path loss
	Same as scenario 3 in CoMP SI, i.e., ITU Uma, with 2D distance between an eNB and a UE applied.
	Same as scenario 3 in CoMP SI, i.e., ITU UMi, with 2D distance between an eNB and a UE applied.

	Penetration
	Same as scenario 3 in CoMP SI, i.e., 0dB

	Shadowing standard deviation
	Same as scenario 3 in CoMP SI, i.e., ITU UMa
	Same as scenario 3 in CoMP SI, i.e., ITU UMi 

	Shadowing correlation
	0 between macro-cell sites, 1 between macro-cells
	0 between LPNs

	Antenna pattern
	Horizontal
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	Combining method in 3D antenna pattern
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	BS antenna Height
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain
	17 dBi
	5 dBi

	Antenna gain of UE
	0 dBi

	Feeder loss
	0 dB

	Placing of LPN and UE
	• UEs are randomly and uniformly distributed in the macro geographical area
• 100% UEs are outdoor
	• Configuration 4b as in TR 36.814
• 4 LPNs per macro cell
• 100% UEs are outdoor

	Minimum distance (2D distance)
	Macro - UE: 35m
	Same as CoMP Scenario 3/4 in TR 36.819
• Macro - LPN: 75m
• LPN - LPN: 40m
• LPN - UE : 10m

	Traffic model
	Full buffer

	eNB noise figure
	5 dB

	Thermal noise
	-174dBm/Hz

	Network synchronization
	Synchronized

	eNB scheduling
	Round-robin TDM scheduling i.e., schedule one UE per TTI.

	UL power control
	Assume all the scheduled UEs in all the cells occupy one RB with the same RB index in each TTI.
Open loop power control, K_s = 0.

	
	P0 = -82 dBm and alpha = 0.8 for macro UE
	P0 = -76 dBm and alpha = 0.8 for LPN UE

	Total maximum UE TX power
	23 dBm

	Inter-cell coordination techniques
	No CoMP and (f)(e)ICIC

	Cell selection criteria
	RSRP based (no CRE)

	Handover margin
	3 dB
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