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Introduction

A number of different inter-cell interference mitigation schemes are considered in TR 25.814 [1], where three categories are identified;
· Inter-cell Interference randomization

· Inter-cell Interference cancellation

· Inter-cell Interference coordination/avoidance

This paper studies the inter-cell interference coordination in E-UTRA downlink. The common theme of Inter-cell interference coordination/avoidance is to apply restrictions to the usage of downlink resources e.g. time/frequency resources and/or transmit power resources. Such coordinaton of restrictions will provide an opportunity to effect on interference generation in the cellular network area. It thus has potential to improve the SIR experienced at the receivers in the coverage area., This will provide potential for increased (cell-edge) data-rates over the coverage area, or increased coverage for given data-rates. As the coordination of restrictions apply between different cells of the same site and cells of different sites, the impact is expected to be the largest at the cell edges and cell borders., which are the most critical for the 95% coverage target set for the LTE evaluation
This paper studies inter-cell interference coordination in the form of a static soft-reuse scheme applied in the frequency and transmit power resources. This paper shows indicative relative throughput results of such a soft-reuse scheme . Here, a couple of heuristic reference cases are compared, where a soft reuse scheme is combined with e.g. maximal-ratio-combining and a simpleinterference cancelling receivers, and channel dependent scheduling. By these heuristic results with combinations of selected receiver algorithms, scheduling and interference cancellation, the gains do not appear mutually exclusive.

Soft-reuse interference mitigation schemes
In this paper, soft-reuse schemes are described. Similar principles can also be found in [2,3]. Considering the frequency vs. time coordination, frequency coordination is more promising approach. Even in asynchronous network, the frequency orthogonality is preserved between different frequency chunks in all cells with arbitrary symbol timing. Time coordination in symbol accuracy is only feasible between synchronous network nodes i.e. between cells of the same base station site or inside a synchronous area network, and limits the expected gains.. The key features of soft-reuse schemes can be summarized as follows:
· A soft-reuse scheme employs a static power profile in each cell. The power profile consists of frequency resource units, where equal transmit power per sub-carrier is applied within a frequency resource unit whereas different frequency resource units apply respectively different transmit powers. The “frequency resource unit” here means a set of sub-carriers over indefinite time i.e. over all symbols of a sub-frame over consequtive sub-frames.
· The power profiles in different cells are coordinated so that the frequency resource units applying relatively higher power in a given cell coexist with the relatively lower power frequency resource units in the neighboring cells. As the frequency resource unit is constant in bandwidth and location in the operational bandwidth, frequency “orthogonal” power profiles may be applied.
· Once the static power profiles are assigned, a reduced interference distribution is observed compared to a scheme without power profiles.

· Radio measurements (e.g. path-loss measurements or CQI reports) may be utilized for frequency dependent scheduling in the base station, assuming known static power profiles at the transmitter.

Figure 1 shows a simple soft re-use scenario, where three different power profiles are applied in a geographical re-use three configuration. All the cells are transmitted by the constant mean power over the full operation bandwidth, in the case of full load. When the system is not fully loaded, partial re-use schemes [4] may be applied such that only favourable Resource Blocks are allocated. In Fig.1, the cells marked by yellow will follow the power profiles marked by yellow, the cells marked by blue will follow the power profiles marked by blue and the cells marked by red will follow the power profiles marked by red.

[image: image3.bmp]
Performance evaluation
Preliminary simulations of the system level effect of Interference Control (IC) based on soft reuse were carried out with the assumptions given in appendix I, aligned to TR 25.814 [1]. A network of 19 sites having three cells (sectors) each, i.e., total 57 cells was simulated. The sites are positioned on a regular hexagonal grid with inter-site distance of 1732 m. Pathloss and shadow-fading were modeled and the penetration loss was set to 20 dB. A fully loaded system and a full-buffer traffic model were assumed. Users are Frequency Division Multiplexed (FDM). Channel Dependent Scheduling was also modeled. No link adaptation nor HARQ is applied in these simulations. The cell throughput and user throughput are calculated in the form of spectral efficiency using the Shannon formula with implementation loss of 4 dB.
Different types of UE receivers have been included to the analysis. These receivers are a basic 1 antenna receiver, 2 antenna receiver with Maximal Ratio Combining (MRC) and 2 antenna receiver with Interference Rejection Combining (IRC) based on interference covariance estimation.
The results are calculated as the average cell throughput and as the user-throughput at the cell-edge (defined at the 5% point of the cdf i.e. 95% coverage) and summarized in Table 1. The soft-reuse scheme uses re-use factor three, as in Fig.1. A serving cell selection error of 1.5 dB and a SINR estimation error of 3 dB were taken into account in the simulations.
Table I

	Scheme

Single antenna receiver
	 5 percentile user throughput (bit/s/Hz)
	Average cell throughput (bit/s/Hz)

	FDM, CDS, IC OFF
	0.139
	1.74

	FDM, CDS, IC ON
	0.189
	1.57


Table II

	Scheme

Dual antenna MRC receiver
	 5 percentile user throughput (bit/s/Hz)
	Average cell throughput (bit/s/Hz)

	FDM, CDS, IC OFF
	0.353
	2.33

	FDM, CDS, IC ON
	0.459
	2.12


Table III

	Scheme

Dual antenna,IRC receiver
	 5 percentile user throughput (bit/s/Hz)
	Average cell throughput (bit/s/Hz)

	FDM, CDS, IC OFF
	0.396
	2.63

	FDM, CDS, IC ON
	0.57
	2.43


Table 1: Relative performance of a soft-reuse scheme. A couple of heuristic combinations are given.

	
	1Rx IC ON vs 1Rx IC OFF
	MRC IC ON vs MRC IC OFF
	IRC IC ON vs  MRC IC OFF
	1Rx IC ON CDS vs 1Rx IC OFF
	MRC IC ON CDS vs MRC IC OFF
	IRC IC ON CDS vs MRC IC OFF 

	Throughput at the 5% point of the cdf
	43.4%
	40%
	64.3%
	44.4%
	59.8%
	98.6%

	Average cell throughput
	-13.7%
	-12.2%
	3.8%
	45%
	27.6%
	46.4%


Conclusion
This paper studied the impact of a soft-reuse scheme applied to the base station transmit powers. The results show the average cell throughput and the throughput at the 5% cdf in a simulated macro-cell scenario. Already these tentative results indicate gain potential and it is proposed that such soft-reuse interference coordination schemes are included for LTE evaluation..
It should be noted that power offsets may make the fulfillment of SEM more difficult and this aspect is FFS.
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APPENDIX I - Macro-cell simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 57 cells i.e. 19 sites, 3 cells per site

	Inter-site distance
	1732 m

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2 GHz / 10 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3 km/h

	Total BS TX power (Ptotal)
	46 dBm

	Inter-cell Interference Modeling
	Explicit modelling (full load),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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Text proposal to TR25.814
7.1.2
Physical layer procedure
----------------------------------

7.1.2.6

Inter-cell interference mitigation
Three approaches to inter-cell interference mitigation are currently being considered.

· Inter-cell-interference randomization

· Inter-cell-interference cancellation

· Inter-cell-interference co-ordination/avoidance
In addition, the use of beam-forming antenna solutions at the base station is a general method that can also be seen as a means for downlink inter-cell-interference mitigation.

These inter-cell interference mitigation schmes appear to have significantly different performance, especially at the 5% cdf point, and thus all these approaches should be considered in the LTE evaluation. It should be noted that the different approaches could, at least to some extent, complement each other i.e. they are not necessarily mutually exclusive. 
7.1.2.6.1
Inter-cell-interference randomization

Fundamentally, inter-cell-interference randomization aims at randomizing the interfering signal(s) and thus to allow for interference suppression at the UE in line with the processing gain.
Methods considered for inter-cell-interference randomization includes:

· Cell-specific scrambling, applying (pseudo) random scrambling after channel coding/interleaving

· Cell-specific interleaving, also known as Interleaved Division Multiple Access (IDMA)
A third means for randomization is to apply different kinds of frequency hopping.
With regards to inter-cell-interference randomization, cell-specific scrambling and cell-specific interleaving (IDMA) basically have the same performance (regarding IDMA for inter-cell interference cancellation, see below).
7.1.2.6.2
Inter-cell-interference cancellation

Fundamentally, inter-cell-interference cancellation aims at interference suppression at the UE beyond what can be achieved by just exploiting the processing gain.

Two methods have been discussed

· Spatial suppression by means of multiple antennas at the UE. It should be noted that the availability of multiple UE antennas is an assumption for E-UTRA.

· Interference cancellation based on detection/subtraction of the inter-cell interference. One example is the application of cell-specific interleaving (IDMA) to enable inter-cell-interference cancellation.

7.1.2.6.3
Inter-cell-interference co-ordination/avoidance
The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the downlink resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager or restrictions on the transmit power that can be applied to certain time/frequency resources. Such restrictions in a cell will provide the possibility for improvement in SIR, and cell-edge data-rates/coverage, on the corresponding time/frequency resources in a neighbour cell.
The coordination between the cells can range from a static coordination to a more or less dynamic coordination based on different types of measurements, e.g. UE measurements and traffic distribution.
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