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1. Introduction

Section 6.12 of the RAN WG3 Technical Report deals with the radio resource management (RRM) functions for E-UTRA [1]. Subsection 6.12.2.4 provides a high level description of inter-cell RRM (including interference management and load management), while Section 6.12.5 explicitly deals with Inter-cell Interference Coordination (ICIC). The emphasis of ICIC is to coordinate the usage of radio resources over multiple cells recognizing that “the cell border requires special attention”.

In this contribution we discuss options for ICIC with the purpose of identifying associated advantages and disadvantages and also the necessary information exchange between eNodeB:s.

2. Options for Inter-cell Interference Coordination (ICIC)

For LTE, static inter-cell interference coordination - as defined in R3-060358-, is a possibility, but (as noted in R3.018, Section 6.12.5.1) such static ICIC may lead to a too conservative configuration of the maximum transmit power or it can result in a poor utilization of certain resource blocks (e.g. in case of load imbalances).

Therefore, for LTE there is a need to support semi-static ICIC (as also defined in R3-060358), especially for cell edge UE:s. 

ICIC essentially means that the scheduler at the eNodeB applies restrictions for certain resource blocks (RB:s), including refraining from the usage of certain RB:s or limiting the power on some RB:s. 
2.1. Option 1: ICIC Based on Non-solicited or Explicitly Requested Status Information Exchange Between eNodeB:s

Under Option 1, the eNodeB obtains information about the usage of RB:s at its neighbor eNodeB:s by means of status reports. The underlying mechanism in this proposals is that eNodeB:s autonomously report status information that is relevant to other eNodeB:s for performing certain RRM functions. For ICIC, such pieces of information may include:

· The subset of resource blocks that the eNodeB are using for the moment.

· The subset of resource blocks that the eNodeB will be using with a high probability. This information may be associated with the maximum power levels that the eNodeB intend to use during a subsequent suitable time interval. Using the terminology of Section 6.12.5.1 of the RAN3 TR [1], the set of these resource blocks constitutes the “autonomous resources which are primarily not available for disposition among neighbor cells”.
· The subset of the resource blocks that the eNodeB foresees that it will not use (with high probability). Again, using the terminology of the RAN3 TR, such resource blocks belong to the set of “resources which are primarily available for disposition at the cell border”. 
The advantage of this type of status reporting mechanism is its simplicity in terms of the required signaling messages between eNodeB:s, especially in the non-solicited case. The pieces of information described in the bullet items above can be seen as complementary (rather than an “exclusive OR” relation); for instance a neighbor eNodeB can try to avoid using channels that would collide with the first set above and prefer to use those that belong to the second set out of the available resource blocks.
The disadvantage of Option 1 is that eNodeB:s do not have the means to actively influence the resource usage in neighbor cells. Therefore, in heavy load situations the system might perform sub-optimally in terms of the system-wise total throughput and radio resource utilization. For instance, even if an eNodeB reported that some resource blocks belong to the second set, a neighbor eNodeB cannot be sure that these resource blocks will remain unused. To explicitly request that these resource blocks should not be used for a period of time, eNodeB:s must be provided by a more explicit negotiation mechanism (such as the one described under Option 2).
Note that Option 1 does not prescribe how eNodeB:s should react on receiving the above type of information. These aspects (and specifically the associated interoperability issues) are implementation dependent and outside the scope of standardization.

2.2. Option 2: Explicit Mute Request Between eNodeB:s

In Option 2, eNodeB:s have the possibility to send explicit Mute Request messages to neighbor eNodeB:s. Such a Mute Request can be associated with a certain power level that indicates a maximum power that the sender proposes to its neighbor on a specific resource block (or a subset of the resource blocks). 

Assuming a peer-to-peer relationship in a distributed RRM architecture, Option 2 does not provide arbitration mechanisms that would specify the conditions under which the recipient eNodeB has to honor Mute Requests. Likewise, there is no explicit mechanism within Option 2 that describes when a certain eNodeB has the right to generate such a message. 

Option 2 requires a mechanism whereby eNodeB:s can determine the dominant interfering eNodeB:s (per resource block) so that Mute Request messages need only be sent to such neighbors. The details and standardization aspects of such a mechanism are for further study, but such mechanisms based on UE measurement reports and the status information according to Option 1 seems feasible.

The advantage of Option 2 is that it allows eNodeB:s to have explicit input on the radio resource usage in neighbor cells. Option 2 thus provides the means by which properly designed distributed algorithms can optimize radio resource usage over multiple cells.

The disadvantage of this Option is the need for the signaling between the eNodeB:s and the additional complexity that is related to the generation and processing of Mute Request messages. 

2.3. Option 3: Combing Option 1 and Option 2

Option 1 and Option 2 can be used together. In this case eNodeB:s send status information to one another as in Option 1; in addition they can also request muting as in Option2. Such method can be used for instance in a combined preventive and reactive interference management scheme: eNodeB:s prefer to use resource blocks that were previously indicated to be out of use by neighbors. If some of these resource blocks get still scheduled later on, an eNodeB can explicitly request muting on these resources. It may also be reasonable to expect an eNodeB to honor Mute Requests that concern resource blocks that were previously announced as not used. Thus, Option 3, when properly used by eNodeB:s, provides the means for efficient radio resource management for LTE.
2.4. Summary of Options for Inter-cell Interference Coordination 

[image: image1.wmf]Serving

Neighbor 1

Neighbor 2

UE Measurements (examples):

•

UE buffer status

•

UE power headroom

•

Transport channel BLER

•

CQI

1. status information

(autonomous resources, resources for disposition)

2. Mute Request, Mute Request Accept

(

‘

Please mute/reduce power on Chunk

-

25, Ref: R1

-

060586, 

R1

-

050763

’

)

eNodeB Measurements (examples):

•

DL total transmitted carrier power

•

DL resource block transmitted carrier power

•

DL/UL total resource block usage

•

DL/UL resource block activity 

Serving

Neighbor 1

Neighbor 2

Serving

Neighbor 1

Neighbor 2

Serving

Neighbor 1

Neighbor 2

UE Measurements (examples):

•

UE buffer status

•

UE power headroom

•

Transport channel BLER

•

CQI

1. status information

(autonomous resources, resources for disposition)

2. Mute Request, Mute Request Accept

(

‘

Please mute/reduce power on Chunk

-

25, Ref: R1

-

060586, 

R1

-

050763

’

)

eNodeB Measurements (examples):

•

DL total transmitted carrier power

•

DL resource block transmitted carrier power

•

DL/UL total resource block usage

•

DL/UL resource block activity 


Figure 1: A high level view of ICIC for LTE. The messages that need to be sent over the X2 interface depend on which option (Option 1, Option 2 or Option 3) is used (see also Figure 2).
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Figure 2: A Summary of options for ICIC. 
3. Message Sequences for Options 1-3
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Figure 3: A high level message sequence diagram that describes the exchange of messages in Options 1-3.
Figure 3 is a pseudo message sequence diagram capturing the key messages over the X2 interface for ICIC. In Option 1, the messages sent over X2 are “Request Status” (in the case of solicited status requests) and the “Report Status” messages. In Option 2, the messages sent over X2 are the “Mute Request”, “Mute Granted” and “Mute Rejected” (and also the “Mute End” and “Mute Ack” messages that are shown in Figure 3). In Option 3, all of these messages can be used over X2.
4. Proposal

We propose to discuss Options 1-3 for ICIC in LTE and to capture the main characteristics of these Options (as described in Section 2 and Section 3 of this contribution) in R3.018. 
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