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1. Introduction

It has been identified in numerous contributions that dynamic interference coordination is needed for cases with dense deployment of lower power eNBs, such as pico cells or Femto’s. Several solutions for dynamic interference coordination for such cases have been proposed for LTE-Advanced, where some of them can be found in [1]-[8]. One of the candidate schemes is called Autonomous Component Carrier Selection (ACCS) as described in [1]-[3]. ACCS performance results have previously been presented for so-called extended residential scenarios, with up to 16 lower power eNBs. In this contribution we present downlink results for a dense-urban deployment case with two apartment building blocks, following the scenario proposed by RAN WG4 in [9] for Home eNB performance studies. Both closed subscriber group (CSG) and open subscriber group (OSG) deployments are investigated, assuming different hard frequency reuse configurations. We also present additional results for the ACCS concept in order to provide further insight and justification for the concept.
2. Summary of autonomous CC selection concept
In this section we shortly summarize the basic idea of autonomous component carrier selection (ACCS) for LTE-Advanced with multiple component carriers (see also [1]-[2]). For the case with 100 MHz system bandwidth, 5 component carriers of 20 MHz are generally assumed as illustrated in Figure 1.
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Figure 1: Basic illustration of component carriers to form LTE-Advanced system bandwidth.

However, other configurations such as e.g. 3 component carriers of 10 MHz could potentially be configured as well (exact configurations are FFS). It is proposed that each cell automatically selects one of the component carriers as its primary carrier (also sometimes called the base carrier) when the eNB is powered on (see more details in [3]). As the offered traffic increases for the cell, the eNB may start to take more component carriers into use. We call these secondary component carriers. However, a cell is only allowed to take more secondary component carriers into use provided that this is possible without causing excessive interference to the surrounding cells. For evaluation of the later prior to deciding if more secondary component carriers can be configured, each eNB collects so-called background interference matrices (BIM) based on UE measurements. Based on the BIM information, each cell essentially “learns” the local environment, which makes it capable of estimating the impact on the surrounding cells from taking more carriers into use. For more information on the BIM, and rules for selecting more secondary component carriers, we refer to [2]. 
3. Simulation assumptions
3.1. Deployment Model
We consider a block consisting of two stripes of apartments, each stripe having 2 by 10 apartments. Each apartment is of size 10m x 10m. There is a street between the two stripes of apartments, with width of 10m.  Each block is therefore of size 120m x 70m. The scenario is illustrated in Figure 1.
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Figure 1 Dense urban building layout with two apartment buildings, each having 20 flats with own low power eNB.
It is assumed that with a probability P there is one lower power eNB in each flat. In the absence of an eNB, we assume that there are no active users in the flat. By default, we assume a single floor only. Hence, a scenario with up to 40 eNBs is simulated if P=1. Both eNBs and UEs are dropped uniformly at random positions. All users are located indoors (no outdoor users) and we evaluate cases with 1 and 4 users per flat. Path loss and log-normal shadowing are considered, but fast fading is not explicitly simulated. The path loss models from [9] considered are summarized in Table 1.
Table 1 Summary of path loss models for dense urban scenario.
	Cases
	Path Loss (dB)

	UE to  eNB
	(1) Dual-stripe model: UE is inside the same apt stripe as low power eNB

	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and low power eNB
In case of a single-floor apt, the last term is not needed

	
	(2) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low + Low 

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and low power eNB



The penetration loss of inner and outer wall were set to 5 and 10 dB, respectively.
3.2. System Model
We consider a full buffer traffic model and a 2x2 antenna configuration for all links allowing up to two code words. A simple equal resource sharing packet scheduling algorithm is assumed, therefore for cells with N UEs, each UE is granted 1/N of the total bandwidth allocated to the cell. Additionally, there is no downlink power control. A static simulation methodology is used. For any given UE, the signal to interference and noise ratio (SINR) is calculated in accordance to the UE’s specific parameters (position, height, serving and interfering low power eNBs, etc.). In order to account for various imperfections in the implementation of RF components and to avoid unrealistically high SINR values, an error vector magnitude (EVM) of 3% is assumed, therefore imposing a soft SINR limit of approximately 30.5 dB.  
Closed subscriber group (CSG), i.e. UEs always connected to eNB in the same apartment, and open subscriber group configurations (OSG) were evaluated. The latter allows for UEs to be served by the low power eNB providing the strongest signal, even if that eNB is inside another flat.

Besides, universal plain frequency reuse 1/1 which establishes the baseline performance, hard frequency re-use 1/2 and 1/4 configurations are analyzed. For ACCS we assume the total bandwidth was divided into four component carriers. The primary and secondary component carriers target SINR values [1]-[3] were set to 10 dB and 8 dB respectively.  
4. Performance results
Here we present normalized performance results for average throughput per cell, as well as the 95% coverage per user throughput. Results are normalized with respect to the performance for full frequency reuse and CSG, i.e. for the case where all eNBs use the full frequency band. In addition to showing the performance results for ACCS, we also show results for fixed frequency reuse configurations of ½ and 1/4. For each of these three configurations, we present results for P (probability of eNB being active) equal to 0.25, 0.50, 0.75, and 1.00. Hence, for the performance results in Figure 2 with CSG and 1 UE/cell, each of the four points on the curves corresponds to different values of P. The points on the curve with highest performance corresponds to P=0.25 (i.e. the case with the lowest eNB density, and therefore less interference resulting in higher performance per cell). From the results in Figure 2 we observe that ACCS perform consistently better than the fixed frequency reuse schemes. The ACCS scheme automatically adapts to the environment and therefore also capitalizes on favorable interference conditions due to switched-off eNBs. Compared to plain frequency reuse one, we observe that ACCS provides a consistent improvement of 18% (factor 1.18) higher cell throughput and 150%-290% higher coverage (factor 2.5-3.9).
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Figure 2 Performance for cases with CSG and 1 UE per cell.
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Figure 3 Performance for cases with CSG and 4 UEs per cell.

The results in Figure 3 and Figure 4 contain results for OSG, but note that the performance is still normalized with respect the performance for plain frequency reuse one and CSG. Looking at the results in Figure 3 for OSG and plain frequency reuse one (1/1), we can see that the OSG case have similar performance as the CSG case in terms of average cell performance, but with approximately a factor 2.5 higher user coverage performance. Also for this case the ACCS appears to have superior performance as compared to the fixed frequency reuse configurations. Thus, this leads to the conclusion that the ACCS scheme works equally well independent on whether we have OSG or CSG cases.
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Figure 4 Performance for cases with OSG and 1 UE per cell.
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Figure 5 Performance for cases with OSG and 4 UEs per cell.
Similar results were obtained when the ACCS scheme was considered in multiple floor deployments. Figure 6 presents the CDF of UE DL SINR distributions assuming universal reuse and CSG mode for P=0.25 and P=1 as well as single, two and three floor deployments. As the figure shows, a significant share of the total interference comes from cells on the same floor; this is especially true for increasing values of P the (solid lines). These multi-floor cases are then rather similar to dense single floor deployments analyzed earlier; hence the ACCS concept has no problems tackling this situation. The dashed lines represent the case of low P, here the difference is clearer, however the proposed method would simply perceive the multi-floor cases as denser deployments and self-adjust, irrespective of where the interfere is coming from. 
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Figure 6 Comparisons of the lower parts of UE DL SINR distributions of single, two and three floor deployments for low and high P values.
5. Concluding remarks
In this contribution we have presented a new set of performance results to further illustrate the performance of the proposed Autonomous Component Carrier Selection (ACCS) scheme for LTE-Advanced interference coordination. We have shown that ACCS also provides attractive performance in environments with dense deployment of 40 low power eNBs, and is able to adapt to the conditions. The scheme also work well when evaluated in multi-floor scenarios. Our results show that the ACCS scheme is attractive independent on whether CSG or OSG is assumed. Given these positive indications for ACCS, we propose to further consider standardization of such concepts for LTE-Advanced as also proposed in [8], where a text proposal for 3GPP TR 36.814 is presented.
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