3GPP TSG-RAN WG1 #52bis                                                            R1-081423
Shenzhen, China, March 31 - April 4, 2008
Source: 

CHTTL, ITRI
Title:
Handover Region Based Cell Interior/Edge Users Classification Method for ICIC Applications
Agenda Item:

6.3.3
Document for:
Discussion
1. Introduction
Inter-cell interference coordination (ICIC), which is currently considered in E-UTRA downlink and uplink, is a means to cope with inter-cell interference problem and improve cell edge bit rate. Several schemes on inter-cell interference coordination from different companies have been suggested for E-UTRA, such as partial frequency reuse [1], soft frequency reuse [2], inverted frequency reuse [3], and so forth. 
To realize inter-cell interference coordination, there is a need to distinguish UEs residing in the interior and edge parts of the cell. This is because typically only collisions between cell edge UEs cause noticeable SINR degradation and therefore need to be protected by an ICIC scheme. A possible approach to distinguish UEs is based on the geometry factor with a predefined threshold [4][5][6]. In this contribution, we propose a simple cell interior/edge users classification method for ICIC applications. The proposed scheme is based on the classical handover algorithms and does not require additional signalling to be introduced.
We consider the partial frequency reuse scheme in EUTRA downlink and carry out the simulation results for the two classification methods. In partial frequency reuse scheme one part of the spectrum has a frequency reuse factor of 1 and for the other part of the spectrum has a reuse factor of 3. This spectrum partition works together with the split of users into cell interior users using the reuse-1 part and cell edge users using the reuse-3 part. Note that the terms cell and sector are interchangeable in this study.
2. Cell Interior/Edge Users Partition
For all types of inter-cell interference coordination, there is a need to divide UEs into cell interior users (CIUs) and cell edge users (CEUs). A widely accepted approach to distinguish UEs is based on the geometry factor or G-factor (wideband SINR measured by UE) with a predefined threshold (e.g., 0 dB, 3 dB, or 6 dB) ([4][5][6]), this is because a cell edge UE always causes noticeable SINR degradation. For illustration purpose, we simply denote this method as GF-based method. In GF-based method, it seems a threshold has to be evaluated for separating the CIUs and the CEUs, nevertheless any fixed threshold can not be optimal in reality due to temporal change of users’ geometry distribution. 
In this study, we propose a simple cell interior/edge users classification method which is based on handover region (HR). We denote it as HR-based method. In HR-based method, an UE is considered as a cell edge one if the UE is resided at handover region. That is to say, if an UE can “see” more than one cell, then the UE will be treated as a cell edge user. Note that a cell will be seen by an UE only if its path gain is greater than the difference between the highest path gain (serving cell) and the add threshold (window_add [7]). Since handover users will usually face a coverage problem and have a low signal quality, thus it is very reasonable to classify them as CEUs. HR-based method avoids the discussion of a geometry factor threshold and is based on existing handover algorithms; therefore, we think it is very feasible for ICIC applications.
3. Partial Frequency Reuse Description
Partial frequency reuse or simply partial reuse (PR) is an inter-cell coordination scheme that applies restrictions to the frequency resources in a coordinated way among cells. The idea of partial frequency reuse is to partition the whole frequency band into two parts, F1 and F3, where F3 is further divided into three subsets; and thus, it results in four orthogonal subbands, F1, F3A, F3B and F3C. Figure 1 shows the spectrum setting for partial frequency reuse in a tri-sector cellular layout. Note that it is reasonable to assume that F3A, F3B and F3C have the same bandwidth. The frequency subband F1 is called the cell center band, for which a frequency reuse factor of 1 is adopted, and it is used by the cell interior users only. On the other hand, the frequency subband F3 is called the cell edge band, for which a frequency reuse factor of 3 is implemented, and the cell edge users are restricted to use this frequency subband only. Nevertheless, when the cell edge band is not occupied by the cell edge users, it can also be used by the cell interior users. 
An effective reuse factor 
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 which denotes the ratio of the total spectrum to the spectrum that can be used in each cell (or sector) is introduced in [8]. It can be expressed by
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where BWall denotes the whole bandwidth and BWcell denotes the available bandwidth in each cell.
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Figure 1. Spectrum setting for partial reuse in a tri-sector network
4. Simulation Setup and Assumptions
In this contribution, we focus on downlink and only static interference coordination is considered. The partial frequency reuse scheme is applied to system level simulation and a performance comparison is presented between GF-based and HR-based methods. We set the handover add threshold (window_add) to 4 dB [9] for HR-based method; and further, a G-factor threshold of 0 dB [3][4][10] is used for GF-based method. A fully loaded system and a full-buffer traffic model are assumed. The applied scheduler is Round Robin and further, HARQ is not considered in the simulations. The evaluation is conducted for macro cellular case #3 as specified in TR 25.814. A selection of simulation assumptions is listed in Table 1. 
Table 1. System-level simulation assumptions
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Number of UEs per sector

Antenna pattern

Site to site distance

Minimum distance between UE and cell site

Penetration loss

Shadowing standard deviation

Correlation between sectors

Correlation between sites

BS antenna gain

UE antenna gain

Channel Model

UE speed

Modulation and channel coding scheme   

Link to system interface

Antenna configuration

Scheduling algorithm

Traffic model

Resource Block Size

Control delay in scheduling and AMC

Geometry threshold (for GF-based scheme)

Handover add threshold

BS total Tx power

UE noise figure

Bandwidth

TTI duration

Parameters Assumptions

Hexagonal grid, 19 cell sites, 3 sector per site

QPSK: R=1/3, 1/2, 2/3, 4/5

16QAM: R=1/2, 2/3

15

As described in TR 25.814

46 dBm

1732 m

35 m

20 dB

8 dB

1

0.5

14 dBi

0 dBi

9 dB

Typical Urban

3 km/h

EESM

1 x 1

4 TTIs

Round Robin

Full queue traffic

12 subcarriers, localized mapping

0 dB

4 dB

10 MHz

1 ms

Distance dependent path loss 128.1+37.6log

10

(R)

64QAM: R=1/2, 2/3, 3/4, 4/5

Pilot and control channel overhead 29%


5. Simulation Results
The geometry distribution of UEs can serve to provide some insight to the potential gains of ICIC mitigation. Figure 2 shows geometry CDF of a partial frequency reuse system with GF-based method and that with HR-based method; and for comparison purpose, the results of a reuse-1 system also include in the figure. Figure 3 also reports the geometry CDF results but it focuses on the low geometry region. From the two figures we can have two observations. Firstly, GF-based method outperforms HR-based method at low SINR region. If we look at the 5%-tile SINR (see Figure 3), we observe that GF-based method can provide 1-1.5 dB gains as compared with the HR-based method. This can be explained as follows. According to our simulation results, when HR-based method is employed, around 7% of the users simultaneously have geometry less than 0 dB and are not resided at handover region. Since these users can not get SINR improvement by a reuse-3 scheme thus it results in slightly performance degradation at low SINR region. Secondly, HR-based method has an improvement at medium to high SINR region as compared with GF-based method. This is because in HR-based method, around 6% of the users who have geometry factors greater than 0 dB are also using a reuse-3 scheme. Because of these users getting an excellent SINR improvement it has higher percentage of medium to high SINR by using the HR-based method.
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Figure 2. Geometry distribution (wideband SINR)
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Figure 3. Geometry distribution at low SINR region

The average cell throughput is represented in Figure 4. One can see that as compared with the GF-based method, the HR-based method gives almost the same total cell throughput when the effective reuse factor is small, and further it provides throughput gains as effective reuse factor increased. Figure 5 shows the achieved cell capacity gains in detail. It can be seen that the HR-based method can achieve about 4% and 8% average cell throughput gains for 
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, respectively, as compared with the GF-based method. 
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Figure 4. Average sector throughput performance
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Figure 5. Achieved throughput gains
6. Conclusion

In this contribution, we propose a simple cell interior/edge users classification method which is based on handover region for ICIC applications. A great benefit from using this method is that it is based on classical handover algorithms and does not require additional signalling to be introduced. We apply this method and the G-factor based method to the EUTRA downlink system with partial frequency reuse scheme. The simulation results show that, compared to G-factor based method, handover region based method can provide 4-8% throughput gains for effective reuse factor ranging from 1.5 to 1.8. However, the proposed method will cause a small 5%-tile SINR loss as compared with the G-factor based method.
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