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Radio Resource Management in Femtocell Downlink Exploiting Location Information Rajarshi Mahapatra and Emilio Calvanese Strinati CEA, LETI, MINATEC, 17, rue des Martyrs - 38054 Grenoble, France Email:[email protected], [email protected] Abstract—Femtocells (HeNB) deployed within macrocells (MeNB) coverage area may use the same spectrum for communication, causing interference on both MeNB users (MUE) and other HeNB users (HUE). Under this scenario, radio resource management (RRM) is a challenging task to mitigate the interference on both the users. In order to minimize this, we propose an interference-aware local cartography-based RRM (LC-RRM) technique for HeNB with the knowledge of corresponding HUEs location. In particular, with the measured interference values on each resource block (RB) at existing HUEs location, we compute interference cartography (IC) diagram for HeNB coverage area using spatial interpolation algorithm. Using IC diagram, HeNB applies interference classification algorithm to classify the RBs and uses them according to the proposed dynamic fractional frequency reuse (FFR) scheme at desired location, and uses them for transmission with appropriate transmit power without producing interference above the critical values at both MUEs and neighbouring HUEs. Our analysis reveals that the proposed approach achieves higher throughput than interference-unaware RRM techniques, while the interference introduced to the MUE remains within a tolerable limit.



I. I NTRODUCTION To increase coverage and data rate at low-power for indoor users, wireless networks introduced a new type of access technology, named femtocell (HeNB). HeNBs are a low-cost, low-power base-station deployed by the end-users [1]. HeNBs are deployed on an already existing and working cellular infrastructure, and may use same licensed spectrum of macrocell base station (MeNB). Due to this, HeNB users (HUE) suffer interference from the serving MeNB and the neighbouring MeNBs [2]. Since, femtocells can be densely deployed in small areas such as office building or apartment, interference from the neighbouring femtocells, might significantly deteriorate overall system performance. On the contrary, HeNBs can also produce interference at nearby macrocell users (MUE). Therefore, it is absolutely necessary for HeNBs to reduce interference through appropriate radio resource management (RRM) techniques [3]. On the other hand, due to fading and unplanned deployment, HeNBs need to change their transmitter parameters dynamically to minimize interference at neighbouring locations. Selforganization will allow HeNBs to integrate themselves into the network of the operator, learn about their environment (neighboring cells, interference) and tune their parameters (power, frequency) accordingly [4]. Therefore, femtocell management should be distributed and self-organizing, so that HeNBs can successfully react to changes of the traffic and channel, and



minimize interference. In order to overcome the interference issues, several RRM techniques have been proposed in literature [5]-[8]. Due to the great flexibility in dynamically allocating spectrum among the users, [9], orthogonal frequency division multiplexing (OFDM) has already been recognized in the literature as a potential transmission technology for the secondary systems. Thus, OFDM-based allocation can give more flexibility and allow accurate allocation of the available resource blocks (RBs) to the users [10]. In [5], authors allocate the spectrum to avoid the interference among HeNBs and MeNBs. The power control was used [6] for RRM to minimize the interference. [7] proposed a learning based mechanism for femtocell. In [8], authors proposed an adaptive interference management technique of OFDMA femtocell. There are several proposal to overcome the interference issue using fractional frequency reuse (FFR) [11]-[15]. However, all these works minimized/avoided the interference for RRM among HUEs. In contrast to these, the present work proposes a RRM technique using the interference information at every location within the coverage area. The main objective of this paper is to allocate radio resource among HUEs exploiting radio environment maps (REMs). REM is envisioned as an integrated space-time-frequency database consisting of multi-domain information, such as geographical features, available services, spectral regulations, locations and activities of radios, relevant policies, and experiences [16]. In this context, this paper proposes an interferenceaware local cartography-based RRM (LC-RRM) technique for self-organized standalone HeNB, which consists of one HeNB access point and several HUEs. The HeNB system uses OFDMA-based access technique to measure interference values at user location for each RB by sensing. This technique consists in a joint power and frequency RB allocation scheme that maximizes the HUE capacity, while keeping interference created at MUEs within acceptable limit. In order to achieve this, we introduce the concept of interference cartography (IC) for better resource allocation. The interference cartography (discussed in Sec. III) combines radio measurement data with user’s location information and provides a complete view of the environment for autonomous decision making [17]. In our work, we use a spatial interpolation algorithm, called Kriging interpolation to estimate interference values at the unobserved location and make IC diagram for each RB of HeNB coverage area. Thereafter, these RBs are classified based on their interference values using classification technique at desired



location. Then, appropriate transmit power is used on these classified RBs for transmission to maximize downlink transmission capacity of HUEs, while the interference introduced to the MUE remains within a tolerable limit. The rest of the paper is organized as follows. Section II describes the system model of the proposed LC-RRM technique along with analytical formulation. Section III presents the overview of interference cartography and analyses its formation in the context of present work. The interference classification and dynamic FFR scheme have been described in Sec. IV. The power and subcarrier allocation mechanism of proposed LC-RRM technique has been described in Sec. V. Section VI presents the simulation results. Finally, Sec. VII concludes the work.



II. S YSTEM M ODEL AND P ROBLEM D EFINITION We consider HeNBs, located within a hexagonal MeNB networks that are using same frequency band for communication in downlink. Since, the position of MUEs cannot be known (due to mobility for instance), we only assume that the positions of the MeNBs as well as the position of the HeNBs are known. One well known method to have the information about MeNBs location is to have regional databases. In this work, the network is based on the 3GPP/LTE downlink specifications [18], where both components of the cellular wireless network, i.e. base stations and mobile terminals, implement an OFDMA air interface. OFDM symbols are organized into a number of physical RBs consisting of 12 contiguous subcarriers for 7 consecutive OFDM symbols. With a bandwidth of 10 MHz, 50 RBs are available for data transmission. Each user is allocated one or several RBs in two consecutive slots, i.e., the time transmission interval (TTI) is equal to two slots. The overall channel gain is composed of a fixed distance-dependent path loss, a slowly varying component modelled by lognormal shadowing and Rayleigh fast fading with unit power. The received SINR on RB 𝑖 of 𝑘-th MUE of 𝑚-th MeNB can be expressed as 𝑚 𝛽𝑖,𝑘
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where and are the channel gain between HUE 𝑘 and serving HeNB ℎ(𝑏) and MeNB 𝑚 on RB 𝑖 respectively. In our channel model, the power of the received signal at the HUE 𝑘 is given by ℎ ℎ ℎ ℎ 𝐺ℎℎ 𝑖,𝑘 = 𝑃 𝐿𝑖𝑘 (𝑑𝑖𝑘 ) × 𝜂𝑖𝑘 × 𝜁𝑖𝑘
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where 𝑃 𝐿, 𝜂 and 𝜁 are the distance-dependant channel gain, the shadowing, and the fast fading component that depend on the RB 𝑖 for 𝑘-th user of ℎ-th HeNB. In this work, we consider different pathloss models for MeNB and HeNB. The transmission rate of HUE 𝑘 is given by, 𝐶𝑘 =
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where, 𝑁 is the total number of RBs, 𝑎𝑖,𝑘 is the binary ℎ is the Shannon capacity of HUE assignment variable and 𝑅𝑖,𝑘 𝑘 at 𝑖-th RB, expressed as ( ) ℎ ℎ (5) = 𝐵𝑖,𝑘 log2 1 + 𝛽𝑖,𝑘 𝑅𝑖,𝑘 where 𝐵𝑖,𝑘 is the bandwidth of the RB 𝑖. As mentioned earlier, our objective is to allocate the appropriate RBs to meet HUE’s QoS with power an interference constraints. Thus, the optimization problem can be formulated as follows 𝑜𝑝𝑡𝑖𝑚𝑖𝑧𝑒
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𝑚 is the transmit power on RB 𝑖 of 𝑘-th MUE of where, 𝑃𝑖,𝑘 𝑚-th MeNB. 𝑀 and 𝐻 are the total number of MeNBs and 𝑚𝑚(𝑎𝑎) is channel gain between MUE HeNBs respectively. 𝐺𝑖,𝑘 ℎ 𝑘 and serving MeNB 𝑚(𝑎) on RB 𝑖. Similarly, 𝑃𝑖,𝑘 is the transmit power of neighbouring HeNB ℎ on RB 𝑖 of user 𝑘. 𝐺ℎ𝑚 𝑖,𝑘 is channel gain between MUE 𝑘 and neighbouring HeNB ℎ on RB 𝑖. 𝜎 2 is the white noise power spectral density. In case of a HUE, it is interfered from all MeNBs and adjacent HeNBs. The received SINR of a HUE 𝑘 of ℎ-th HeNB



𝑚 ℎ where 𝐾 is the number of HUEs per HeNB.𝐼𝑖,𝑘 (𝐼𝑖,𝑘 ) is the 𝑚 interference term at the denominator of eq. (1)(eq. (2)). 𝐼𝑡ℎ ℎ and 𝐼𝑡ℎ are the interference threshold of corresponding MUE and HUE. Figure 1 shows the system model of the proposed LCRRM technique. As shown in figure, it consists of two main functional modules: IC manager and femtocell spectrum manager (FSM) with spectrum allocation module. The IC manager consists of measurement collection module (MCM) and IC database. MCM collects the available interference values for each RB at every current users. These interference values for each RB are then stored in the IC database. IC database adds interference values for any new location and updates the value for already existing locations. With this
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System model framework of LC-RRM technique.



process, IC database is up-to-date at any point of given time. By gathering these interference values, IC manager makes the cartography diagram for each RB of its coverage area. This IC diagram helps FSM module for resource allocation among HUEs. The FSM module, which can control several HeNBs or a standalone HeNB, assigns RBs with appropriate transmit power to users to satisfy QoS. In this paper, we consider resource allocation technique for a standalone HeNB. The RBs and transmit power are selected based on the interference at desired user location and the interference threshold limit at neighbouring locations. The interference threshold at a given receiver is the maximum interference level acceptable by the receiver (i.e. maximum level of interference that does not cause any quality of service degradation). Moreover, knowledge of the locations of MUEs may help to determine the corresponding interference threshold. It depends on the particular user with specific QoS and might differs for different users. The threshold value is very sensitive for different worst case MUE, discussed more in [19]. III. I NTERFERENCE C ARTOGRAPHY AND ITS C ONSTRUCTION The interference cartography [17] is based on the aggregation of the interference information, measured by entities of several different wireless networks at a central unit. The central unit combines these aggregated values with geo-localization information, and performs advanced signal processing techniques to render complete and reliable information. It provides viable picture of the environment for efficient detection, analysis and decision by updating this information on a database, known as REM [20]. The REM relies only on reported measurements in database construction, which constructs the cartography from partial measurement data using advanced signal processing techniques, offering quality/reliability criteria and additional measurement request mechanisms to satisfy these quality/reliability criteria. To achieve certain level of accuracy and reliability in measured data, large amounts of measurement data may be needed in constructing a cartography that



Fig. 2. A typical interference cartography diagram for RB Id 10 and RB Id 30 with different HUEs in HeNB coverage area (10 × 10 meter). HeNB access point located at (90, 95). Star marks represent the HUE locations. The unit of interference is dBm.



relies only on reported measurements. Furthermore, with the rapidly increasing level of technological advances in digital signal processing, it is possible to implement efficient signal processing techniques that achieve high levels of accuracy and reliability with a small proportion of measurement data [16]. In our wireless network simulator, we use interference values of each RB at the current user’s location as REM information. These interference values are used to form the IC database, whose size is limited to those RBs with characteristics provided by current users. Using IC database, IC manager estimates interference values at the desired location using spatial interpolation. The spatial interpolation is a statistical procedure that estimates missing values at unobserved locations within a given area, based on a set of available observations of a random field. This interpolation is mainly based on spatial autocorrelation. One such interpolation technique is Kriging interpolation technique [21], used in this work. In order to implement the interpolation, we consider the data set 𝑦(1), ..., 𝑦(𝑛) are the realization of a stochastic model with mean, 𝜇(.), and (symmetric) variance-covariance matrix, Σ. Given a sample of size 𝑛, the best linear unbiased predictor (BLUP) of any unsampled point on the surface can be obtained by simple Kriging. To predict the attribute value at site 𝑥, (𝑥), which is not included in the sample compute: 𝑦˜(𝑥) = 𝜇(𝑥) + 𝐶 𝑇 Σ−1 (y − Ω)



(7)



where 𝐶 𝑇 = (𝑐𝑜𝑣(𝑌 (0), 𝑌 (1)), ..., 𝑐𝑜𝑣(𝑌 (𝑥), 𝑌 (𝑛)). Σ, as noted, is an 𝑛 × 𝑛 symmetric matrix with (𝑖, 𝑗)-th ele𝑇 ment equal to 𝑐𝑜𝑣(𝑌 (𝑖), 𝑌 (𝑗)), y = (𝑦(1), ..., 𝑦(𝑛)) , Ω = 𝑇 (𝜇(1), ..., 𝜇(𝑛)) and 𝜇(𝑥) is the mean evaluated at site 𝑥. The second term in (7) identifies the simple Kriging weights, 𝐶 𝑇 Σ−1 , assigned to each data point, that yields the BLUP of the unknown attribute value. As shown in Fig. 1, by accessing the interference values



from IC database, IC manager makes the cartography diagram for each RB using Kriging interpolation of HeNB coverage area. Figure 2 shows the IC diagram for two different RBs of a particular HeNB with two different numbers of HUE. As shown in figure, the interpolation algorithm estimates more accurately at the unobserved locations with larger database. The interference values are different for different RBs at a particular location. Using this constructed IC diagram, HeNB divides the RBs into different categories by interference classification scheme. These classified RBs are then being used to allocate to HUEs based on proposed dynamic FFR scheme, discussed in next section. IV. I NTERFERENCE C LASSIFICATION AND DYNAMIC F RACTIONAL F REQUENCY R EUSE In the literature, some theoretical investigations propose to classify perceived interference at user into five regimes, namely noisy, weak, moderately weak, strong and very strong interference regimes [22]. In [23], the authors simplify interference classification which reduces the processing complexity in comparison to the other classification. These papers classify the interference into three regimes. Noisy interference regime: The noisy regime corresponds to the most conventional way for processing interference, i.e., as thermal noise. If the perceived neighbour signal is too weak, then the interference can be processed as additional noise. Strong interference regime: Here, interference is so strong that it causes no degradation in comparison to a scenario without interference. Such a regime is known in the literature as the very strong interference regime. One main advantage of this regime is that the optimal scheme can be used to decode the interfering data while treating information data as noise, then subtracting interference to the received signal and eventually decoding the information signal cleaned from interference. Interference is then cancelled out. Jointly decoding regime: With this regime, perceived inter-cell interference is not strong enough to be decoded alone and not weak enough to be treated as noise; destination jointly decodes information and interference for recovering the information signal. This regime lies between noisy and strong interference regimes. The bounds of applicability of the three different regime with satisfaction the rate and power constraints with macrocell as a known interferer are given by (described in eq. (14) [23]) { 𝛾𝑖 = 𝐴𝑖 (1 + 𝑓𝑗 ⋅ 𝛾𝑗 ) 1. Noisy 𝐴 𝛾𝑗 ≤ 𝑓𝑗𝑗 { 𝛾𝑖 = �� − 𝑓𝑗 ⋅ 𝛾𝑗 2. Jointly decoding (8) 𝐴 𝐴𝑗 ≤ 𝛾𝑗 ≤ 𝑓𝑗𝑗 (1 + 𝛾𝑖 ) { 𝑓𝑗 𝛾𝑖 = 𝐴𝑖 3. Strong Interference 𝐴 𝛾𝑗 ≥ 𝑓𝑗𝑗 (1 + 𝛾𝑖 ) where 𝐴𝑖 , 𝐴𝑗 , 𝑓𝑖 , 𝑓𝑗 , 𝛾𝑖 and 𝛾𝑗 are define in [23]. Having knowledge of the interference values, RBs are classified according to the above classification and allocated to user based on our proposed dynamic FFR scheme. The general



FFR scheme is very suitable for OFDMA-based systems and has been used for interference mitigation, where the whole spectrum has been divided into several subbands in frequency and time scale [11], [12]. In FFR, each sub-band is differently assigned to center zone and edge region of the cell. While reuse factor of the center zone is one, the edge region adopts bigger reuse factor. As a result, intra-cell interference is removed, and inter-cell interference is substantially reduced. At the same time, system throughput is also enhanced. Most of the previous works are based on fixed FFR. In this work, we propose a dynamic FFR among femtocell users with reuse factor one, for both central and edge zone. In our proposed dynamic FFR scheme, we use the RBs of two categories, noisy and interference cancellation regime for allocation among users. The allocation of RBs are motivated by users location within HeNB coverage area. In our allocation scheme, we divided the femtocell users into two categories based on their location i.e. pathloss, central users and edge users. The proposed dynamic FFR uses the RBs in interference cancellation regime for edge user and the RBs in noisy interference regime for central users for allocation. The RBs in interference cancellation regime are used for edge user to mitigate higher pathloss & shadowing effect. The shadowing effect cannot be anticipated by interpolation algorithm during the formation of cartography diagram. Therefore, there may be a possibility of incorrect estimation of interference values if a user is in the shadowing region, which will have a higher impact for high pathloss. In addition to this, the effect of other obstruction can also be mitigated by this kind of RB allocation. Indeed, the wrong estimation of interference can affect the power allocation, which may produce strong interference at the nearby MUEs. To mitigate this, we consider the RBs in interference cancellation regime for edge users, where the shadowing and other obstruction will not make strong impact on the estimation of interference value for other locations. Therefore, interference cannot be wrongly estimated due to transmit power allocation on available RBs. Since, the interference will cancelled out with an optimal decoding scheme, these RBs can be used for communicating to edge users. Using this dynamic FFR scheme, we will discuss the joint RBs and power allocation procedure in the next section. V. R ADIO R ESOURCE M ANAGEMENT T ECHNIQUE AMONG F EMTOCELL U SERS FOR S TANDALONE F EMTOCELL Based on the above-mentioned assumptions, we will use the following procedure for allocating the RBs with proper transmit power to HUEs. The flowchart of the LC-RRM has been described in Fig 3. The allocation module in Fig. 1 uses location-based interference values from IC database and allocates the RBs to HUE with the help of FSM. At first, IC manager collects the interference values at the current scheduled users location on each RB and stores them in IC database. This operation happens periodically and IC manager refreshes the values in IC database. The refreshment happens whenever there is an update on power allocation, user activation, additional resource allocation etc. Using these values, IC



manager forms the cartography diagram for each RB. When a new user wants to join the HeNB, IC manager uses IC diagram to determine the interference values of each RBs at user location. The standalone HeNB then classifies the RBs based on their interference values. Having knowledge of user location, the proposed dynamic FFR scheme chooses the RBs for possible allocation. On each chosen classified RB, HeNB selects transmit power in an iterative way. For each iterative process, HeNB estimates interference values by producing IC diagram on each available RB at the neighbouring areas. During each iteration, HeNB checks the interference values produced at the nearby area, which should be under the threshold limit. The threshold limit is different for MUEs and HUEs. In both cases, it depends on current QoS condition. However, it also depends on the deployment scenario of MeNBs and HeNBs and the receiver sensitivity of MUEs and HUEs. Thus, at each value of transmit power, IC manager forms IC diagram for extended coverage area, so that the possible interference values after transmission can be checked at the neighbouring HeNBs users and worst case MUEs [19] for interference limit. By this process, the RRM algorithm selects the transmit power of each available RBs. The number of RBs are selected with best modulation and coding value to meet rate and power constraints. In this way, FSM with allocation module selects the transmission parameters for HUEs as well as keeps the interference at neighbouring area within the threshold limit. Collects interference of each RB at current user location
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Fig. 4. Interference cartography diagram (25 × 25 meter) at before and after transmission for two different RBs. HeNB access point located at (90, 95). Star marks represent the HUE locations. The unit of interference is dBm.



MeNB transmits continuously and with maximum power. As a consequence, only a particular HeNB is simulated, while others are used for down-link interference generation only. In this model a single floor building is considered, where 10 m x 10 m apartments are placed next to each other in a 5 x 5 grid. Each HeNB can simultaneously serve a maximum number of 4 users. The activation ratio of HeNBs is 20%. 9
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Flow chart of the proposed LC-RRM technique.



VI. S IMULATION R ESULT We benchmark the proposed algorithm by considering the network where MeNBs and HeNBs share the same spectrum. The maximum power of MeNBs and HeNBs are 46 and 10 dBm respectively. The HeNBs are deployed according to the 3GPP grid urban deployment model within a hexagonal structure of 19 MeNBs with intersite distance of 500 m. Each



Fig. 5. Average HUE throughput for central user and edge user in a particular HeNB.



Figure 4 shows the IC diagram of before and after transmission for two different RBs with two HUEs. As shown in figure, interference values change after transmission due to power allocation on a the RB. These values is different for different RB at a particular location. These estimated interference values are being used for checking the interference threshold limit at neighbouring location. Based on these IC diagram, appropriate transmit power has been chosen for each RB, while the
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Fig. 6. Maximum average transmitted data rate of HUE versus interference introduced to the worst-case MUE.



interference introduced to the MUE remains within a tolerable limit. Thus, with the help of IC diagram, LC-RRM technique selects appropriate transmit power on each RB. The average throughput of the proposed LC-RRM technique is shown on Fig. 5 for central users and edge user. As expected, the throughput for edge user is slightly lower than the central user at a particular HeNB transmit power due to the distance from HeNB access point. The figure also shows the comparison between with and without the proposed LC-RRM technique. The throughput gain is more for edge user than the central user due to our dynamic FFR scheme. In Fig. 6, we plot the average achievable transmission rate of HUE versus interference introduced to the worst-case MUE. Since, HeNB does not have the knowledge of MUE location, we consider a worst-case MUE, co-located with HUE. VII. C ONCLUSION In this paper, we proposed an interference-aware LC-RRM technique for standalone femtocell. Power and RBs are allocated to HUEs efficiently by combining location information. It has been observed that the proposed technique is notably effective to improve the throughput of HUEs. The proposed LC-RRM technique provides the upper bound of the interference at the MUEs. In continuation to this study, we are working on the impact of RRM for MeNBs and HeNBs, and other practical model providing user mobility with dynamic deployment of HeNBs etc. The proposed LC-RRM technique looks promising for femtocell network as well as cognitive radio network to minimize interference at the neighbouring locations. More studies in this area are being investigated further. ACKNOWLEDGEMENT This work has been performed in the framework of the ICT project ICT-4-248523 BeFEMTO, which is partly funded by the European Union.
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