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The Goal and the Summary
The goal of this contribution is to clarify meaning of several terms widely used in literature and standards. 

What is the meaning of “ICIC” and “FFR”?  How are they related?
In a nutshell, usually the term “ICIC” denotes a SON function specified in 3GPP RAN3. One of possible implementations of ICIC is based on FFR scheme of Radio resource allocation (which is already not normative). 
More precisely, FFR is a L1 technique of dividing Physical Layer Resource Blocks (PRBs) into disjoint subsets and setting to every subset certain regime of use for DL or UL transmissions, which regime typically includes the following: 
· Where the UE is located in the cell (in terms of distance to the cell center or path loss or Radio propagation delay or similar)
· Allowed range for the Radio transmission power 

Typically FFR schemes are used to reduce mutual interference between cells. FFR schemes applied by neighbor eNBs are not necessarily coordinated. If they are, coordination can be achieved by one of the following:
· by direct communication between eNBs; this is what RAN3 ICIC does
· over OAM or another central coordination entity

3GPP ICIC (more precisely, “Frequency domain component of the ICIC SON function”) is defined in 3GPP specifications only in the part of X2-based signaling while resource allocation algorithms / schemes are not specified.


[bookmark: _GoBack]
[bookmark: _Ref352918433]Figure 1. FFR Example: Assignment of PRBs depending on location of UEs




Figure 2. Relation between FFR concept and ICIC specifications in RAN3




[bookmark: _Ref352922195]Figure 3. Inter-eNBs communication in Frequency domain ICIC



“Time domain component of ICIC” (widely known as eICIC) means coordination of Almost Blank Subframe patterns through inter-eNB X2 signaling or OAM configuration. 

Is FFR (or ICIC) related to CCO?
There is a wide consensus about the role of ICIC in general and particularly FFR-based ICIC and Time domain component of ICIC (eICIC) as tools targeting capacity optimization (CCO).
In particular, the following table derived from NSN White Paper ‎[10] (see also the book ‎[6]), shows that except the extreme case of switching cells on/off, in terms of parameter sets involved, ICIC is a subset of CCO. 

[bookmark: _Ref352923088][bookmark: _Ref352923092]Table 1. Managed parameters for ICIC and CCO
	System Input Parameters
	SON Use Cases

	
	CCO
	ICIC

	RB Assignment
	X
	X

	DL Tx Power
	X
	X

	Antenna Tilt
	X
	X

	Switching On/Off Cells
	
	X

	HO Parameter
	X
	

	MIMO Configuration
	X
	



Therefore the conclusion is that centrally coordinated FFR is a viable feature for NM centralized CCO.
Explanation of FFR

White Paper by Ericsson

The white paper ‎[1] in the section “UL Scheduling with ICIC” describes example of FFR scheme saying 
“The set of PRBs are divided into disjoint subsets and each cell gets assigned one of the subsets to be used for Exterior UEs”. 
· the assignment can be done by planning and configured from O&M, or
· negotiated between eNBs dynamically (self-configuration)

This idea is illustrated by the Figure 1. For example, the green part of the channel is allocated to “outer” (edge) UEs of three cells. For inner UEs we can assume that the whole channel width is used. 

Other sources
See Chapter 12 .Fractional Frequency Reuse in LTE Networks in ‎[8] for review of several scientific papers that address “resource allocation in multi-cell OFDMA networks … using Fractional Frequency Reuse (FFR)”. 
The source ‎[9] contains an overview of FFR use cases in LTE technology using mixed language, for example “the static ICIC scheme (also known as fractional frequency reuse (FFR)”


ICIC Function in 3GPP
TS 36.300 defines Inter-cell interference coordination as “a multi-cell RRM function that needs to take into account information (e.g. the resource usage status and traffic load situation) from multiple cells”. There are “frequency domain component” and “time domain component” of ICIC (the latter also known as eICIC).


Frequency Domain ICIC

What is specified in ICIC functionality and what is not
According to TS 36.300, the frequency domain ICIC manages radio resource, notably the radio resource blocks, such that multiple cells coordinate use of frequency domain resources.
Strictly speaking, E-UTRAN specifications do not include complete definition of frequency domain ICIC function. Instead, TS 36.423 ‎[7] provides specification of X2-based protocol of communication between neighbour eNBs that serves the purpose of coordination between corresponding SON entities. 
From this TS one can conclude that there must be a distributed ICIC algorithm running on eNBs; information carried in inter-eNB messages is used as input to this algorithm. However 3GPP TS documents do not contain any specification of ICIC algorithm i.e. there is no definition of required (normative) behavior of involved eNBs. 

Communication between neighbour eNBs over X2
For inter-eNB exchange, the section 8.3.1.2 in TS 36.423 describes transfer of the following information:
1. ‘Scheduling announcements’ to facilitate proactive coordination
1.1. HII: UL High Interference Indication, which is sent as bitmap. Each position in the bitmap represents a PRB (ﬁrst bit = PRB 0 and so on), for which value ‘1’ indicates ‘high interference sensitivity’ and value ‘0’ indicates ‘low interference sensitivity’. 
1.2. RNTP: Relative Narrowband Transmit Power. Each position in the bitmap represents a n PRB value (i.e. ﬁrst bit = PRB 0 and so on), for which the bit value represents RNTP (n PRB). Value 0 indicates ‘DL Tx power not exceeding the RNTP Threshold’. Value 1 indicates ‘no promise on the Tx power is given’. 
2. Indicators to facilitate reactive coordination
2.1. OI: UL Interference Overload Indication. This signalling provides, per PRB, a report on interference overload.
See also Figure 3.
Examples of ICIC algorithms
This section includes review of 3GPP informative materials: contributions and TRs. Typically such document picks certain distributed ICIC algorithm and assumes that it is running on all eNBs in the network. The goal of such analysis is to prove that X2AP communication is sufficient (for the selected algorithm) and the network converges to the state with less mutual interference.
Dynamic FFR scheme in TR 36.921
According to TR 36.921 (RAN4), one possible implementation of LTE ICIC can be based on FFR scheme. In particular 
· every eNB selects its own FFR scheme out of fixed set
· receiving messages (like HII) from its neighbors, every eNB may reselect its FFR scheme in certain way
Then the network converges to a steady state which provides for less interference than frequency-aware scheduling without inter-eNB coordination.
In particular, section 5.1.1.1 “Techniques for Dynamic Frequency Partitioning” says:
“A distributed FFR algorithm is designed to cope with non-operator deployed networks, such as HeNBs. Each HeNB could construct an RF neighbour list through network listening and user reporting. In this method, the local RF neighbour information is called a "Jamming Graph", where each node denotes an active HeNB and an edge denotes jamming condition between two HeNBs. A jamming condition is declared when the channel gain difference between the interfering and serving links exceeds certain threshold. The distributed FFR planning problem is now converted into a graph coloring problem, which could be solved in a distributed manner at low complexity.
An example of such an algorithm and a brief performance analysis is given next [16], [17]”


Dynamic FFR scheme in contribution R4-091906
The contribution [16] cited in TR 36.921 is R4-091906, "Frequency reuse results with full buffer", Qualcomm Europe, May 2009. This contribution includes simulation results that show how the network converges to the state with less mutual interference. Notably the contribution is using the total throughput as the indicator of interference reduction
White paper by Ericsson
The white paper ‎[1] in the section “UL Scheduling with ICIC” describes example of FFR scheme as follows: 
“The set of PRBs are divided into disjoint subsets and each cell gets assigned one of the subsets to be used for Exterior UEs”. This idea is illustrated by the Figure 1. The spectrum partitions are allocated in the way that pieces of same colour do not contact each other.
Further, this publication includes discussion of various techniques for assignment of spectrum slices to LTE cells: 
(A) the assignment can be done by planning and  configured from O&M, or
(B) negotiated between eNBs dynamically (self-configuration) 
Note that this publication is using the term ICIC meaning a scheme for PRB partitioning among neighbor eNBs i.e. what was called in this paper “FFR”.

Time Domain component (eICIC)
TS 36.300 defines “time domain ICIC” as coordination of Almost Blank Subframe patterns through X2 signaling (negotiation of % of ABS is possible) or OAM configuration. Patterns for measurements should be set accordingly.


Centrally coordinated ICIC in 3GPP
[bookmark: _Toc336211216]The TR 36.921 outlined Centrally Coordinated variant of ICIC, for both frequency domain and time domain options, in section 7.2.2.2.1:
· The centralized coordinator forms an adjacency graph of all HeNBs based on their reports
· Each HeNB may report estimation of the fraction of resources it needs to transmit to the centralized controller
· the centralized coordinator determines one of the following:
1: the subframes that each HeNB is allowed to transmit, and notifies each HeNB of its transmission pattern via S1 signalling.
2: the subbands or carrier frequency that each HeNB is allowed to transmit, and notifies each HeNB of its transmission pattern.

[bookmark: _Ref352236272]Relation between CCO and ICIC
The goal of this section is to show that there is a wide consensus about ICIC (particularly FFR-based ICIC) as a tool targeting capacity optimization.
What is the purpose of ICIC 
Majority of publications where static or dynamic FFR is used, refer to the system throughput to prove that suggested approach really works.
Examples: ‎[3], R4-091906, R4-091907 and more.
NSN White Paper: CCO vs. ICIC parameters

Figure 8 in the NSN White Paper ‎[10] (see also the book ‎[6]), shows how certain “System Input Parameters” are shared between ICIC and CCO SON use cases. See the summary for CCO and ICIC in the Table 1.
Except the extreme case of switching cells on/off, we can conclude that in terms of tuned parameter, the ICIC use case is just a subset of CCO. This conclusion is in line with common practice of network configuration. 
Note that “RB Assignment” (for which the FFR is a particular case) is relevant to both ICIC and CCO.
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