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1 Introduction
This paper addresses aspects of interference modeling to evaluate different transmitter/receiver strategies as part of the recently approved study item namely “Study on Network Assisted Interference Cancellation and Suppression for LTE” [1] (NAIC). In order to ensure standardized performance evaluation of the different receiver architectures and various flavors of network assistance that will encompass this study, it is important to envision a range of scenarios that Rel-12 UEs will encounter. This document enlists the parameters that define serving and interfering cell parameters. We also propose preliminary link-level evaluation assumptions for use by interested companies.
2 Discussion
The RAN4 effort on UE specifications for NAIC capable devices should target the following goals: 

a) UE reliability and throughput performance; network performance
b) Robustness across interference scenarios, network signaling scenarios, deployments and UE implementation
c) Reasonable complexity of implementation

In order to make a decision / recommendation on the UE requirements, the performance evaluation needs to done across a combination of widely observed scenarios as well as particularly challenging corner cases. The study item on NAIC is a joint RAN1/2 - RAN4 effort and thus various signaling possibilities may arise in the future that do not exist currently and signaling may significantly impact the interference models chosen for evaluation. We first list the common assumptions made across the entire set of evaluations for this study item and then move on to specific interference models in the following section.

3 Common Assumptions

The following assumptions are common to all the evaluation scenarios
· Synchronization: One of the primary assumptions made in this contribution is that the devices subject to interference cancellation are on the same larger network and hence are synchronized in their transmissions at the frame level down to the symbol level.
· Time synchronization: We assume a time synchronization requirement of 3 us similar to the current FeICIC evaluation.
· Frequency synchronization: We assume a frequency synchronization requirement of 300 Hz similar to the current FeICIC evaluation.
Data vs. Control Channels: The NAIC study scope includes both control channels and PDSCH. In the rest of this paper, we will focus on PDSCH transmission aspects. However, the discussions and proposals in this paper are mostly applicable to control channels as well, with the understanding of the following differences between PDSCH and control channels: 

· Transmission granularity for control channels is per REG and/or CCE, as opposed to per RB, and

· Parameters such as the precoding and modulation order are exactly known for control channels as opposed to PDSCH.
4 Interference Models

We recommend the following scenarios for performance evaluation:

Number of Interferers: Study up to two interferers with varying degrees of signal to noise ratios. Varying values of traffic to pilot ratios must be considered, since S/N does not capture power control variations.
Homogeneous vs. Heterogeneous deployment with large bias scenarios:
Proposal 1.1: Prioritize homogeneous deployments initially, with heterogeneous scenarios with large HO bias being considered later. 

· Homogeneous deployments refer to deployments of macro cells, small cells or mixed deployments without large HO bias and Tx side interference avoidance.
· HetNets scenarios with large bias should also be studied in this SI, but it could be addressed more comprehensively after the conclusion of small cells scenario discussion in RAN1.

Proposal 1.2: Consider practical A3 event bias: A hysteresis offset of 4 dB which contributes to a potentially 4 dB stronger interferer even in the homogeneous scenario.
Interference loading scenarios:
Interference loading is a key parameter typically unknown to the UE. The impact of interference loading and UE’s ability to handle different scenarios is significant. 

· Loading in time domain: Interferers with bursty traffic patterns in time should be considered

· Loading in frequency domain: Includes full, partial and unloaded scenarios for interferers in relation to the serving cell. The granularity of variation in the frequency domain can be either RB or subband level.
Proposal 2: Prioritize the following loading scenarios:

· Full loading across the system bandwidth (10 MHz)
· 50% loading 
Transmission modes & MCS: 

Proposal 3.1: Prioritize CRS based transmissions to begin with; UERS based transmissions later in the study. CRS based transmissions are widely prevalent in current deployments. Hence greater system level gains are possible with interference mitigation for CRS based transmissions.
Proposal 3.2: Study TM2, TM3, TM4 and later on evaluate TM8/TM9/TM10.
Colliding vs. Non-Colliding CRS:

Consider the following factors from a UE design as well deployment perspectives:

UE Design: The performance of CRS-IC is well understood from FeICIC. Therefore, in order to simplify the interactions between CRS-IC and NAIC at the beginning of the study item evaluations, it is recommended to start with colliding CRS scenarios.

Deployment: We need to consider scenarios with and without PCI planning. With perfect PCI planning in perfect hexagonal layout, the interferer is likely to face strong non-colliding CRS interferers whereas in practical network deployments, both strong colliding and non-colliding CRS interferers need to be considered.

In existing interference cancellation studies (feICIC), one colliding and one non-colliding CRS cells are modeled.
Proposal 4: To simplify the progression of performance evaluation, we propose to address colliding CRS scenarios first if a single dominant interferer is modeled. With two interferer scenarios, one colliding and one non-colliding CRS interferer may be evaluated. 

Unicast vs. MBMS: 
Proposal 5: Prioritize unicast transmission first and later on MBMS transmissions are to be considered during advanced phases of this study.

Control Span: 
Another key consideration is the possibility of different control spans for different cells. In general, the control span of two or more cells need not be the same within this constraint and this could lead to control symbols colliding with data symbols and vice versa.
Proposal 6: Prioritize scenario with matched control spans. RAN4 initial study may assume that the control span is 2 symbols.
In the appendix, we propose link level evaluation assumptions that may be used for the initial evaluation of the various advanced receiver structures. Although the detailed parameters will have to be discussed and agreed on in RAN4, the proposed parameters may be used by interested companies to evaluate their receivers initially in order to facilitate the progress of the study.
5 Conclusions
Aspects of interference modeling for performance evaluation of Rel12 UEs with interference mitigation capability were discussed. The following proposals were made:
Proposal 1.1: Prioritize homogeneous deployments initially, with heterogeneous scenarios with large HO bias being considered later. 

Proposal 1.2: Consider practical A3 event bias: A hysteresis offset of 4 dB which contributes to a potentially 4 dB stronger interferer even in the homogeneous scenario.
Proposal 2: Prioritize the following loading scenarios:

· Full loading across the system bandwidth (10 MHz)

· 50% loading 
Proposal 3.1: Prioritize CRS based transmissions to begin with; UERS based transmissions later in the study. CRS based transmissions are widely prevalent in current deployments. Hence greater system level gains are possible with interference mitigation for CRS based transmissions.
Proposal 3.2: Study TM2, TM3, TM4 and later on evaluate TM8/TM9/TM10.
Proposal 4: To simplify the progression of performance evaluation, we propose to address colliding CRS scenarios first if only a single dominant interferer is modeled. With two interferer scenarios, one colliding and one non-colliding CRS interferer may be evaluated. 

Proposal 5: Prioritize unicast transmission first and later on MBMS transmissions are to be considered during advanced phases of this study.

Proposal 6: Prioritize scenario with matched control spans. RAN4 initial study may assume that the control span is 2 symbols.
6 Appendix
We propose the following table of parameters as a typical PDSCH evaluation scenario. This table is based on the parameters recommended for transmit diversity performance evaluation TM3 interference model from Table 8.2.1.2.4-1 of TS 36.101.
Table 1.0: Typical PDSCH Parameters for Homogeneous Deployment Scenario (TM3 Interferers)
(Listed for full loading initially, TBD for 50% partial loading)
	Parameter
	Unit
	Cell 1
	Cell 2 
	Cell 3 (FFS)

	Downlink power allocation
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	dB
	-3
	-3/0
	

	
	
[image: image2.wmf]B

r


	dB
	-3 (Note 1)
	-3
	

	
	(
	dB
	0
	0
	

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
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	dBm/15kHz
	[-98]
	N/A
	

	DIP (Note 2)
	dB
	 N/A
	-1.19/-0.41
	

	BWChannel
	MHz
	10
	10
	

	Cell Id
	
	0
	6
	

	Number of control OFDM symbols
	
	2
	2
	

	PDSCH transmission mode
	
	2
	3
	

	Interference model
	
	N/A
	As specified in clause B.5.2
	

	Probability of occurrence of transmission rank in interfering cells
	Rank 1
	%
	N/A
	Fixed Rank1/ Adapt. FFS
	

	
	Rank 2
	%
	N/A
	FFS
	

	Reporting interval
	Ms
	[5]
	N/A
	

	Reporting mode
	
	[PUCCH 1-0]
	N/A
	

	Note 1:
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Note 2: 
The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value as specified in clause B.5.1.
Note 3:
Cell 1 is the serving cell. Cell 2, 3 are the interfering cells.
Note 4: 
Cell 2 transmission is delayed with respect to Cell 1 by 0.33 ms and Cell 3 transmission is delayed with respect to Cell 1 by 0.67 ms.


Table 2.0: PDSCH Parameters for Homogeneous Deployment Scenario (TM4 Interferers)
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Downlink power allocation
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	dB
	-3
	-3/0
	FFS
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	dB
	-3 (Note 1)
	-3
	

	
	(
	dB
	0
	0
	

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
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	dBm/15kHz
	[-98]
	N/A
	

	DIP (Note 2)
	dB
	 N/A
	-1.19/-0.41
	

	BWChannel
	MHz
	10
	10
	

	Cell Id
	
	0
	6
	

	Number of control OFDM symbols
	
	2
	2
	

	PDSCH transmission mode
	
	TM4-Rank1
	TM4-Rank1
	

	Interference model
	
	N/A
	As specified in clause B.5.3
	

	Probability of occurrence of transmission rank in interfering cells
	Rank 1
	%
	N/A
	Rank Adapt FFS
	

	
	Rank 2
	%
	N/A
	Rank Adapt FFS
	

	Precoding granularity
	PRB
	50
	6
	

	PMI delay (Note 4)
	Ms
	8
	N/A
	

	Reporting interval
	ms
	[5]
	N/A
	

	Reporting mode
	
	[PUCCH 1-1]
	N/A
	

	CodeBookSubsetRestriction bitmap
	
	001111
	N/A
	

	Note 1:
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Note 2: 
The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value as specified in clause B.5.1.
Note 3:
Cell 1 is the serving cell. Cell 2, 3 are the interfering cells.
Note 4: 
If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).

Note 5: 
All cells are time-synchronous.


A necessary aspect of performance evaluations is to define the network scenarios under which the receivers must operate. The main system level assumptions are summarized in Table 3.0. These parameters are based on the definition provided in TS36.829 for MMSE-IRC receiver evaluation.

Table 3.0: System level assumptions for network scenarios
	Parameter
	3GPP Case 1
	3GPP Case 3

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

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

	Inter-site
	500 m
	1732 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
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	Vertical
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	PCI Planning
	Random or planned

	Hard handover hysteresis
	4 dB

	Traffic model
	Full buffer traffic
and 50% loading 
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