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Introduction

At one of the previous RAN WG1 meetings we presented a first document [2] on interference mitigation and a possible concept for frequency reuse. In this document we show a semi-analytical approach for the estimation of the interference at the base station in the uplink using a sectorized cell layout with 2 tiers. In the second part we show first simulation results which lead to the conclusion that a frequency reuse at the cell edge seems to be interesting and should be investigated further.
Interference Estimation

Principle
The principle assumption is, that the BS of interest detects a code word of a particular user. For convenience, we do not use subscripts for the BS and MS of interest. The amount of intercell interference in this code word is given as
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where Pu is the transmit power of user u, Lu is the attenuation between user u and the BS of interest and Bu is the value of the antenna pattern of the BS of interest towards user u. We denote ou the suppression factor or orthogonality factor, which accounts for the fraction of the transmit power Pu which will be visible as intercell interference for the code word detection of the user of interest. The sum runs over all intercell users u in the system, i.e. intracell users are not considered here (for EUTRA we assume orthogonality between the users in a cell).

The principle idea is to model I as a random variable for which we want to gain as many insights as possible.

The attenuation Lu consists of three components:

· Pathloss (uniform user distribution)
· Shadowing (log-normal distribution)
· Small scale fading (multipath Rayleigh fading)
The value of the antenna pattern Bu is given by the assumed 70 degree beam pattern using sectorized cells [1].

The suppression factor ou is 0 or 1 for the localized and distributed approach depending on whether the user uses the same frequency sub-band or another sub-band. This factor shows the orthogonality of two signal and thus equals to zero if there is full orthogonality (no correlation) and equals to one if there is no orthogonality (the interference is fully seen).

The transmit power Pu depends on the situation in the ”own” cell, i.e. the cell served by the BS to which the user u is connected to. We make the assumption, that there is a power control which is able to follow and thereby to fully compensate the small scale fading. Thus, the transmit power is set such that a particular receive power level PRx is received, i.e.
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 has the same components as Lu, but with respect to the own cell. Note that advanced scheduling strategies could cause a more advantageous distribution of the small scale fading. However, for the sake of simplification, we will assume a 
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’s typically account for some fairness strategy by the operator. For simplification we assume the same receive power level is allocated for all users. It is chosen such that a mobile at the cell edge achieves this level utilizing its maximum Tx power (considering some margin for shadowing and small scale Rayleigh fading).

Each user is now assigned a transmit power Pu. From this transmit power used in the “own” cell the received interference power to other cells can be calculated using the pathloss and the beam pattern which the considered user experiences at the “foreign” Node B.

Cell Layout

In the following we use a sectorized cell layout with 3 sectors per cell and a hexagonal shape per sector. Furthermore, we considered the split of the users into cell center users with frequency reuse 1 and into cell edge users with frequency reuse 3.
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Figure 1: Example of splitting the users into cell edge users having frequency reuse 3 (marked with red, green and blue) and users with frequency reuse 1 (marked purple)
Within the further considerations we vary now the number of cell edge users and the number of cell center users assuming that the whole frequency band is split accordingly. The following simple example shows what is varied:

· The whole band is split into 16 sub-bands each having 1/16 of the bandwidth.

· If all sub-bands are used with reuse one then the number of CEU (cell edge users) = 0 and the number of bands for the CCU (cell center users) is 16.

· If we increase now the number of sub-bands for CEU to one, the number of sub-bands for the CCU is reduced to 13. The reuse factor of 3 at the cell edge means that we need three sub-bands to have one CEU sub-band in each cell (e.g. CEU=2 sub-bands, we obtain 10 sub-bands with reuse 1).
The cell edge users are defined as follows: The users within each cell are placed randomly and a particular metric is calculated for each user. A useful metric, which can be made available for the BS scheduler, is the ratio between the (average) intracell power and the intercell power (geometry or f-factor).

The best users according to this metric are assigned the CCU resources, since they would cause the smallest intercell interference. The worse users are assigned the CEU resources. Depending on the location and the needed transmit power of the users the purple hexagon (representing the border between CEU and CCU) shown in Figure 1 dynamically expands and shrinks.
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Figure 2: Probability of a user being a cell edge user if the f-metric is used 
and 1/3 of all users are assigned to be cell edge users

Figure 2 shows the probability of a user being a cell edge user. For obtaining this results, 12 users have been randomly, but uniformly distributed into the cell, and the frequency sub-bands with reuse 3 were assigned to the 4 users with the worst f-factor. Note that this configuration assumed 8+3*4 = 20 sub-bands in total. One can see that depending on the user distribution it may happen that even users quite close to the Node B may be considered a CEU and vice-a-versa.

Results

For the analysis we generate samples of the random variables as described in the previous sections, and then numerically evaluate the pdf of I. We consider the interference caused by the users of all neighbored cells to the cell of interest. We take the hexagonal cell layout as described above in Section 0. For demonstration we set a very high number of users into each cell – exactly 300. Now, 100 of the users are set as cell edge users and 200 of them are cell center users. 

Figure 3 shows the amount of interference caused by users of all cells (up to 2 tiers) to the center cell of interest. The CEU interference appears only within every 3rd cell due to the reuse of 3. One can see that the highest interference is caused by the first tier cells where the beam direction is aligned in the direction of the beam of the considered sector. Furthermore it can be seen that most CEU are placed at the 4 borders far from the Node B. However some users have a weak f-factor (and thus are CEU) even if they are quite close to the Node B but also close to the sector border.
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Figure 3: Level of interference of the cell edge users (big circles) and of the cell center users (small dots)
 onto the Node B of the white cell in the center (no fading for better illustration)

Using the semi-analytical method described above, the pdf of the interference for both the cell edge and the cell center user can be obtained.
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Figure 4: Probability density function of the inter cell interference of CEU (blue) and CCU (red). The interference is shown, if 2 sub-bands out of 16 are assigned to CEU (marked with circles) or if 4 sub-bands are assigned to CEU (marked with squares). For reference a reuse of 3 (dashed green) and a reuse of 1 (dashed black) is shown.

In Figure 4 one can see that the interference decreases for both the CEU and the CCU the more sub-bands are reserved for the CEU however the over-all number of available sub-bands within one cell is reduced as well.

Conclusions

From the results shown above the following conclusions can be drawn:

· A straight implementation of frequency reuse 1 disregarding interference is unlikely to fulfill the challenging cell edge throughput requirements for the EUTRA uplink.

· The described interference mitigation approach seems to be a good way forward for the uplink in EUTRA.
· Further investigations on frequency reuse and on the coordination of cell edge and cell center users are necessary.
· However a first method of splitting users into cell edge and cell center users by using the geometry as a metric to allocate a user to the cell edge or the cell center was shown.
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