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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. One of the candidate schemes is called Autonomous Component Carrier Selection (ACCS) as described in [1]-[6]. Downlink ACCS performance results have previously been presented for different environments, assuming either HeNBs with closed subscriber groups (CSG) or open subscriber groups (OSG). In this contribution we present ACCS results for the uplink in order to demonstrate that the concept is equally applicable for this link. We show that even though the ACCS concept bases some decisions on UE downlink measurements, it also provides attractive performance gains for the uplink, compared to using simpler and more static frequency reuse schemes.
The rest of the contribution is organized as follows; In Section 2 we shortly summarize the ACCS concept, and otherwise refer to [6] for a tutorial on the basic concept. Overall simulation assumptions and methodology is outlined in Section 3, while the corresponding performance results are presented in Section 4. Finally, concluding remarks are presented in Section 5.
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]-[6]). 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 downlink UE measurements (see more details in [2] and [6]). 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. Notice that although the BIM is collected from downlink measurements, it also proves applicable for the uplink, as will be demonstrated in this contribution. A more comprehensive “tutorial” on the ACCS concept is available in [6].
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 HeNB in each flat. In the absence of an HeNB, 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 densely deployed HeNBs is simulated. Both HeNBs 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. We assumed that each HeNB is on with 75% probability. Path loss and log-normal shadowing are considered, but fast fading is not explicitly simulated. The path loss models 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 1x2 antenna configuration for all links. 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.). Closed subscriber group (CSG) is assumed, i.e. UEs always connected to eNB in the same apartment. 

Results are presented with and without uplink power control (PC) enabled. For cases with no PC, UEs are transmitting at their maximum power level. For cases with PC enabled, open loop PC according to the specified formula in 3GPP TS 36.213 is assumed without using closed loop PC corrections. For the latter case, the PC parameters Po and Alpha as well as the path loss between the UE and serving cell essentially determines the UE transmit power per PRB.   
A frequency configuration with 3x 5MHz component carriers is assumed in this study. However, notice that the ACCS concept also works for other CC configurations.
4. Performance results
In the following we present normalized uplink performance results for the average cell performance and the 5% outage user throughput performance. Results are normalized with respect to the case where plain frequency reuse one is assumed (i.e. all cells use all CCs), and no uplink PC. 
Figure 2 shows the relative performance for a case with frequency reuse 1/3, i.e. corresponding to the case where each HeNB only use one of the three available CCs. Curves are presented for different values of the OLPC parameter Po, where each point of the curves corresponds to different values of Alpha in the range [0.4, 0.6, 0.8, 1.0]. From these results it is clearly observed that the performance is improved compared to using plain frequency reuse one. Secondly, we observe that the cases with PC enabled results in better outage performance (as compared to no PC), while PC provide little benefit in terms of average cell throughput for the considered configuration. The most attractive OLPC parameterization is Alpha=0.8 and Po=-60 dBm.
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Figure 2: Relative performance for fixed frequency reuse 1/3, where each HeNB use one CC only. 75% of the HeNBs are on.
Figure 3 shows results for the case where ACCS is enabled. Results are presented for different PC configurations. With ACCS enabled, it is observed that the best performance is achieved with PC enabled, using the parameterization Po=-60 dBm and Alpha=1.0. Thus, the optimum OLPC parameterization is different depending on whether fixed frequency reuse or ACCS is used. Comparing the results in Figures 2 and 3, we observe that ACCS provides improved performance in both outage and average cell performance, thus offering attractive gains.
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Figure 3: Relative performance for cases where ACCS is enabled. 75% of the HeNBs are on.
Figures 4 and 5 show similar results as in Figures 2 and 3, but for a configuration where only 25% of the HeNBs are on. Hence, corresponding to more sparse deployment of active HeNBs. Also sparse deployment, it is observed that ACCS provide gains over fixed frequency reuse configurations. However, the gains are smaller for such cases, as the sparse deployment scenario naturally have less interference, and thus less need for strict interference management.

[image: image4]
Figure 4: Relative performance for fixed frequency reuse 1/3, where each HeNB use one CC only. 25% of the HeNBs are on.
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Figure 5: Relative performance for cases where ACCS is enabled. 75% of the HeNBs are on.
5. Concluding remarks
In this contribution we have presented a new set of uplink performance results to further illustrate the performance of the proposed Autonomous Component Carrier Selection (ACCS). The results clearly show that that the ACCS concept also provide attractive benefits for the uplink performance – both in terms of improved outage performance and average cell throughput. Notice that the uplink performance improvements are achieved even though the decisions on secondary component carrier selections are based on BIM collected from UE downlink measurements. Thus, further improvement might be possible by incorporating more uplink specific knowledge in the decision process for selection of uplink secondary component carriers. The latter is for further study.
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