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1. Introduction

In the LS [4] RAN3 supplies some detailed questions on the inter-cell radio resource management requirements stemming from the application of interference mitigation techniques. Since the interference co-ordination proposed by Alcatel represents one example of such an interference mitigation technique, it appears to be a suitable approach to evaluate the RAN3 questions with regard to interference co-ordination. 

Section 2 contains a brief summary of the interference co-ordination concept as outlined and evaluated in recent Alcatel contributions [1], [2], and [3]. 

Section 3 provides answers to the RAN3 questions. These answers are intended to form part of the RAN1 answer to RAN3. 

Section 4 concludes the paper. 

2. Interference Co-ordination in Downlink

2.1. Interference Co-ordination Strategies

Interference co-ordination is based on imposing power constraints on parts of the available frequency spectrum. To this end the available frequencies are subdivided into patterns. Each pattern may be assigned a power constraint. 

Depending on the scheme used for assigning power reduced patterns to individual cells, two different strategies may be distinguished as outlined in [2]. In Strategy 1 as described below, this assignment is done in a static pre-planned way involving O&M functionalities only. In Strategy 2 as outlined below this assignment is done on demand basis in a semistatic way. 

2.2. Strategy 1: Network Power Planning

Figure 1 from [2] illustrates the interference co-ordination concept. The overall frequency resource is subdivided into frequency patterns. In every cell a dedicated pattern is used with a power restriction. This pattern is assigned by neighbouring cells to mobile terminals approaching this cell. In Figure 1 an example of a mobile terminal moving from (sectorised) cell 
[image: image1.wmf]6

 to cell 
[image: image2.wmf]1

 is illustrated. 

It is assumed that the distribution of the patterns across the topology is static and assigned by network planning procedures and changed via O&M procedures e.g. maybe on a per day basis. No exchange of signalling messages between Node-Bs is needed. The necessary reporting similar to handover measurements is entirely done between the mobile terminal and the Node-B. 
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Figure 1: Sectorised cell pattern and subset Fn allocation to terminals in border region. For simplicity the cell 
[image: image4.wmf]n

C

 is denoted just 
[image: image5.wmf]n


2.3. Strategy 2: On demand basis

If the terminal 
[image: image6.wmf]1

T

 as depicted in Figure 2 approaches the cell boundary between 
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B

 and 
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 (as indicated by the green arrow) and senses the interference from 
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 it reports this back to its serving Node-B 
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. Based on this information (and maybe other criterions such as load) by cooperation and coordination between the involved Node-Bs a set of frequency patterns (resource) gets a power restriction in base station 
[image: image11.wmf]2
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’s cell and is granted to base station 
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. So the black arrow in Figure 2 means that a resource from 
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 is taken and assigned to 
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 where it can be used with full power to serve the terminal 
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(in the cell edge area) while the same pattern can be used in 
[image: image16.wmf]2
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 only with limited power e.g. for terminals in the cell center.

This implies the exchange of signalling information between Node-Bs 
[image: image17.wmf]1
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 and 
[image: image18.wmf]2
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. The serving Node-B asks the main interfering neighbour Node-B for an additional restriction on a specific pattern. Hence, pattern and destination Node-B have to be identified. As soon as the transfer of resources has been agreed, this has to be communicated to the neighbouring Node-Bs. 

As soon as the serving Node B no longer needs the additional resource, it releases the resource and signals this back. If the Node B that grants the resource needs it back again, it withdraws its grant. 

The whole signalling process is peer-to-peer between the base stations and doesn’t need any centralised server instance. 
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Figure 2: Terminal T1 served by base station B1 and approaching base station B2. A resource from B2 is assigned to B1 to serve T1.

3. Answers on RAN3 Questions

3.1. Q0)
Which kind of radio resources are considered to be managed
 

by RRM?

In case of interference co-ordination the resource managed is a set of distinct frequency resource blocks e.g. combined to a frequency diverse combination. 

3.2. Q1)
Which inter-cell RRM techniques are considered in RAN1?

Basis of the inter-cell RRM is the assignment of power constraints to resource units defined by frequency patterns. 

3.3. Q2)
Which performance gains (i.e. cell throughput and per user


scheduling fairness) can be expected from each technique?
A performance improvement in cell edge bitrate of approximately a factor of 2 has been identified in a L1 related analysis [3]. This compares a reuse 1 system with and without interference co-ordination. 

3.4. Q3)
Which information exchange between network nodes is needed


for each technique ?

3.4.1. Q3.1)
How does the information look like (e.g. measurements, hopping


sequences)?

Strategy 1 doesn’t need any signalling exchanges between network nodes during operation. The power planning is setup by OMC after a measurement period of e.g. 1d. 

For strategy 2 information has to be exchanged in a semi-static way between an eNodeB and its neighbouring nodes, in a hexogonal grid there are six of them but there can be more. The following table lists the envisaged information elements and a first estimate of their lengths. 

Information Element
Approximate Length in bits

eNodeB address
14

Pattern Id
5

Table 1: Information element lengths as envisaged for interference coordination related exchanges

Not more than 4 pattern ids will have to be transferred per message. So per signalling message a maximum of 40 bits is envisaged. 

3.4.2. Q3.2)
Is this information provided by the UE or by the eNodeB?

The information as detailed in the preceeding section is exchanged between neighbouring eNodeBs. 

3.4.3. Q3.3)
How frequently is information exchange typically envisaged for each


technique [msec, sec, hours, days] and what size would the related


information have?

For strategy 2 changes are made if traffic accumulates in a geographic region. 

An information exchange interval of 1s is envisaged. With the data supplied in the table above and assuming that a confirmation message roughly around the same length is needed, this comes down  to a rate of 0.56 kBit/s. It appears therefore to be appropriate to assume the bit rate needed for signalling for interference coordination on demand is upperbounded by 1 kBit/s. Further reductions may be envisaged. 

3.5. Q4)
How frequent will radio resources allocated to users at the


cell-edge typically need to be re-configured for each technique

 
 [ms, s, h, d]?

For the static case, a day profile is assumed, that is updated and reconfigured on a per day basis. For the dynamic case a reconfiguration on a per second basis is assumed feasible. 

3.6. Q5)
RAN3 would also like to understand whether the LTE access


scheme puts different requirements on timing for mobility


compared to Rel-6, due to different behaviour at the cell edge?

The proposed schemes don’t need network synchronisation. 

The interference co-ordination scheme provides some freedom with regard to hand-over at the cell edge. This freedeom is limited by the need of the channel estimation algorithms to receive sufficient pilot power. But still, the timing requirements for the hand-over process are not supposed to be more stringent than for Rel-6. 

4. Summary 

The interference co-ordination algorithm as proposed by Alcatel has been evaluated with respect to a list of questions supplied by RAN3 in a liaison statement. 

It is proposed to include the description of the interference coordination in section 2 and the answers to the RAN 3 questions in section 3 in the RAN1 answer to RAN3. 
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