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Abstract. We consider a hierarchical game theoretic model for cognitive radio (CR) networks in which primary users (PU) set the price to charge secondary users (SU) for accessing the licensed spectrum and SUs optimize their transmit powers according to the price imposed by PUs. Pricing strategies can be tailored to steer SUs to a Stackelberg equilibrium. We establish a coalition formation game framework to study the possible cooperation among PUs. In our framework, the PUs who can detect the same SUs form a coalition to select the pricing function as long as each member of the coalition is allocated a fair share of the payoﬀ. We show that allowing all PUs to cooperatively decide the price for every SU is generally not the optimal solution. We then propose a distributed algorithm that allows PUs to dynamically approach a unique and stable partition of the grand coalition, as well as a Stackelberg equilibrium point of the hierarchical game. Keywords: Coalition formation, cognitive radio, Stackelberg game, game theory.
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Introduction



Radio spectrum is generally regarded as a scarce resource. This motivates a new hierarchical network framework, taking advantage of cognitive radios (CR), in which the unlicensed users, called secondary users (SU), can learn from their surrounding environment and intelligently decide how to opportunistically utilize the spectrum licensed to the spectrum owners, called primary users (PU). Diﬀerent CR network models have been proposed based on the tolerance of the PUs to interference caused by the SUs. More speciﬁcally, by assuming PUs cannot tolerate any interference caused by SU networks, temporal spectrum sharing (TSS) [1] was proposed to allow each SU to detect temporal vacancy of PUs. By assuming that each PU can only tolerate a small increase in the interference caused by SUs, spatial spectrum sharing (SSS) [2–4] was studied. In this system, SUs can send signals over the licensed spectrum as long as the resulting 
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interference power is lower than the maximum tolerable level, called the interference temperature limit. In SSS-based CR networks, how to control the transmit powers of SUs to satisfy the power constraints imposed by PUs is an important problem. In this paper, we establish a Stackelberg game-based hierarchical framework in which PUs have priority in using the licensed spectrum, as well as setting the prices for SUs, and each SU tries to improve its performance according to the prices imposed by PUs. A possible scenario for our setting could be a heterogeneous cellular network in which independent mobile devices (SUs) dynamically select among multiple service providers (PUs) and pay a corresponding price. To study the possible pricing competition and cooperation among PUs, we propose a novel coalition formation game framework for the PUs, referred to as the dynamic pricing coalitional game. In this framework, a collection of coalitions is formed by diﬀerent groups of PUs to decide the prices their nearby SUs will be charged. To study the eﬀects of the PU cooperations on the performance of SUs, we ﬁt the proposed dynamic pricing coalitional game into a hierarchical framework. We prove that allowing all PUs to cooperatively decide the price for every SU is generally not the optimal choice. This is diﬀerent from previous work in coalitional game-based wireless networks which typically simpliﬁes the system model by neglecting the cooperation costs [5]. We then focus on developing eﬀective methods for PUs to search for the optimal partitions of the grand coalition. It is observed that the coalitions formed among PUs to decide the prices of diﬀerent SUs are always correlated and it is generally not feasible or eﬃcient to use the exhaustive coalition searching method [6]. In addition, as observed in [7], ﬁnding a low-complexity algorithm for coalition formation games with overlapping coalitions is generally diﬃcult because of the combinatorial complexity order caused by distributing the beneﬁts of each member among multiple coalitions. In this paper, we propose a simple distributed coalition formation algorithm which allows PUs to form a unique, stable partition without any knowledge of channel conditions experienced by SUs.
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System Model and Basic Game Setup



Let the sets of J PUs and K SUs be J = {P1 , P2 , ..., PJ } and K = {S1 , S2 , ..., SK }, respectively. We assume that SUs use OFDMA and each SU is pre-allocated a frequency band for its transmissions. We assume the PUs and SUs belong to diﬀerent networks and have no a priori knowledge of each other’s channel state information or transmit powers. In a practical system, the PUs can only interact with the SUs they can detect. In this paper, we assume that each PU will ﬁrst use an energy detector to determine the presence of SUs in each frequency band. As observed in [8], PUs can only detect an SU if the received SNR from this SU is larger than a threshold, called the SNR wall. Let us deﬁne the SNR wall for Pj as q P , i.e., Pj can detect the existence of a SU Sk if hjk wSk > q P , where j j hjk is the channel gain between Sk and Pj and wSk is the transmit power of Sk .



Dynamic Pricing Coalitional Game for Cognitive Radio Networks



21



Another constraint for the SUs is the interference temperature limit of PUs. We assume each PU Pj imposes an interference temperature limit q Pj for q Pj > q P ∀Pj ∈ J in each frequency band of SUs, i.e., hjk wSk < q Pj . Hence the power j   constraint for an SU Sk is deﬁned as hjk wSk ≤ min q Pj . Pj ∈J



Let us introduce a hierarchical game theoretic framework in which players of the game are the PUs (leader) who have priority in using the spectrum, and the SUs (follower) who can access the licensed spectrum by paying a certain “price”. Prices are used by the PUs to distributedly regulate the transmit powers of the SUs, so as to achieve an optimal trade-oﬀ between spectrum utilization and the interference to the PU network. Let the subset of PUs who can detect the existence of Sk be CP [Sk ] and the subset of SUs who are visible to Pj be CPj [S] . We deﬁne the payoﬀ of Sk to be   Sk wSk , βP [Sk ] = αSk log (1 + gSk wSk ) − β P [Sk ] h•k wSk , (1) where gSk is the ratio of the channel gain between the kth secondary sender-toreceiver pair to the additive interference power received by Sk , αSk is a posi  , βPj [Sk ] is the pricing coeﬃcient of Pj tive constant, β P [Sk ] = βPj [Sk ] P ∈C j



P [Sk ]



†



charged to Sk and h•k = [h1k , h2k , ..., hJk ] , † denotes the transpose of a matrix. In this paper, we assume each SU can use optimal power control by solving the following problem,     wS∗ k βP [Sk ] = arg max Sk wSk , βP [Sk ] . (2) wSk



Solving (2), we can obtain the optimal transmit power of each SU below,    + wS∗ k βP [Sk ] = αSk 1/uSk (β P [Sk ] ) − 1/δSk ,



(3)



  where (x)+ = max{x, 0}, uSk βP [Sk ] = βP [Sk ] h•k and δSk = αSk gSk . It is ob  served that the transmit power of an SU can only be non-zero if uSk β P [Sk ] < δSk . Let us deﬁne the payoﬀ of Pj as follows,     Pj (w S , βPj [S] |CPj [S] ) = πPj [Sk ] − θPj [Sk ] CP [Sk ] , (4) Sk ∈CPj [S]



  where β Pj [S] = βPj [Sk ] S



k ∈CPj [S]



and πPj [Sk ] = βPj [Sk ] hjk wSk is the revenue



obtained by Pj from Sk . We assume for each  PU the revenue obtained from diﬀerent SUs is independent. θPj [Sk ] CP [Sk ] ≥ 0 is the cooperation cost of Pj   when it joins a coalition CP [Sk ] . θPj [Sk ] CP [Sk ] = 0 if Pj does not belong to a coalition to decide the price of Sk , i.e., CP [Sk ] = ∅, or is the only element in a coalition to provide spectrum for Sk ,i.e., CP [Sk ] = {Pj }. If Pj is involved in a multiple-PU coalition, θPj [Sk ] CP [Sk ] should be a positive value related to
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the transmit power and/or the time spent in sending and receiving cooperationrelated information between the member PUs in the coalition CP [Sk ] [6]. In this paper, we consider the pricing coalitional game in which the PUs within one coalition only care about their payoﬀ sum, which will be divided among all the members according to an appropriate fairness criterion. We hence   can regard all PUs in J as one, labeled as PJ , with payoﬀ J w∗S , β Pj [S] =     Pj w∗S , β Pj [S] for β J = β Pj [Sk ] . One of the main objecPj ∈J



Sk ∈K,Pj ∈J



tives for our hierarchical game framework is to ﬁnd an equilibrium point, called the Stackelberg Equilibrium (SE), for our combined game.
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Game Theoretic Analysis and Coalition Formation Algorithm



Let us formally deﬁne the concept of the coalition below. Definition 1. [9, Chapter 9] A coalition C is a non-empty sub-set of the total set of players J , i.e., C ⊆ J . We refer to the coalition of all the players as the grand coalition J . A coalitional game is defined by the pair (J , v) where v is called the characteristic function, which assigns a number v (C) to every coalition C and v (∅) = 0. Here v (C) quantifies the worth of a coalition C. A coalitional 1 2 game is said to be super-additive  1  if for1 any two  2 disjoint coalitions C and C , 1 2 2 C , C ⊂ J , we have v C ∪ C ≥ v C + v C . We have the following remark about the stability of the grand coalition for our game. Remark 1. The grand coalition is often unstable for a multi-user CR network. Let us illustrate this through an example. Suppose that all SUs use the same transmit powers and three PUs with equal SNR wall and interference temperature limit are located in a linear network as shown in Figure 1. Each PU can only detect its nearby SUs (we represent the detection area of each PU as a shadowed circle in Figure 1). Thus, it can be observed that P3 can only obtain positive payoﬀ from the three closest SUs S2 , S3 and S5 and cannot obtain any revenue from the farthest SUs S1 and S4 . Because the distance between PUs P3 and P1 is large, the cooperation cost for forming a coalition is large too. In other words, if the cooperation costs of P3 to charge S2 and S3 is larger than the payoﬀ obtained from S2 , S3 and S5 , P3 will have no incentive to join the grand coalition but will only form a coalition with P2 to charge S2 , S3 and S5 . The above remark can be easily extended to a general CR network with SUs and PUs randomly located in a large area. Let us now consider the possible pricing coalition formation among PUs. As a motivation example, we consider Figure 1 again. It is observed that the diﬀerent coalitions of PUs to decide the prices charged to diﬀerent SUs may not be independent. For example, in Figure 1, P2 should cooperate with P1
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on deciding the price changed to S1 and also cooperate with P3 on choosing the price charged to S3 . Another observation is that the cooperation between two disjoint coalitions may not always improve the payoﬀ sum. Assume that the channel gains between S2 and three PUs  (P2 , P1 and  P3 ) satisfy  q P /hj2 q P /h22 < q P /h12 < q P /h32 , max 2 1 3 j    j∈{1,2,3}    1 2 1 2 v CP [S2 ] ∪ CP [S2 ] − v CP [S2 ] − v CP [S2 ] >



CP2 [S2 ] )−



1 Pj ∈CP [S



θPj [Sk ] (CP1 [S2 ] )− 2]











1 2 Pj ∈CP ∪CP [S ] [S







2



2 Pj ∈CP [S



q Pj /hj2



min



j∈{1,2,3}



and



θPj [Sk ] (CP1 [S2 ] ∪ 2]



θPj [Sk ] (CP2 [S2 ] ) where CP1 [S2 ] and CP2 [S2 ] 2]



are two disjoint sub-sets of {P1 , P2 , P3 }. In this case, If P1 and P2 form a coalition to charge S2 , the resulting payoﬀ sum is always larger than that without cooperation. However, this result without P1 , does not hold when P2 and P3 cooperate Pi [S2 ] = βP2 [S2 ] h22 q P /h12 − θPi ({P2 , P3 }) i.e., the payoﬀ sum is 1



i∈{2,3}



i={2,3}



which is always worse than the payoﬀ sum without cooperation. To solve the
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Fig. 1. SU detection area of three PUs



Fig. 2. Coalition formation of PUs



ﬁrst issue, we seek to convert all the correlated coalitions into independent ones as follows. It is observed that the payoﬀ function of each PU Pj in (4) is the summation of all the payoﬀ functions related to its detectable SUs. Since these payoﬀ functions are independent, maximizing the payoﬀ of each PU Pj corresponds to maximizing the payoﬀ of Pj earned from each detectable SU. We hence can separate the payoﬀ of the PU Pj into diﬀerent independent parts according to diﬀerent SUs. In this way, during the rest of this paper, we only need to focus on a pricing coalitional game in onefrequency band in which a set of  PUs, denoted as CP [Sk ] = Pj : hjk wSk ≥ q P , cooperates with one another in j deciding the price charged to a SU Sk . To solve the second problem, we rearrange the labeling sequence of the PUs in CP [Sk ] by {P˜1 , P˜2 , ..., P|C | } where qP



 j −1



/h < q P /h˜jk < q P j−1k ˜ j



 j +1



P [Sk ]



/h for 0 < j < |CP [Sk ] | − 1. We say the PUs j+1k
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are sequential if their rearranged labels are consecutive, i.e., P , Pj , ..., P j−1 j+l are sequential. We say one set is sequential if all the elements in this set are sequential. We say two or more disjoint sets are sequential if each of these sets are sequential and the union of these sets is sequential too, i.e., C 1 = {P1 , ..., Pl } , ..., Pj } for 1 < l < j are sequential. We have the following and C 2 = {P l+1 property for the proposed game. Proposition 1. Assume the interference temperature limit is always satisfied. Suppose two disjoint coalitions CP1 [Sk ] and CP2 [Sk ] for CP1 [Sk ] , CP2 [Sk ] ⊂ CP [Sk ] satisfy the following conditions, 1) P˜1 ∈ CP1 [Sk ] ∪ CP2 [Sk ] , 2) CP1 [Sk ] ∪ CP2 [Sk ] is sequential.    n  v CP [Sk ] > 3) v CP1 [Sk ] ∪ CP2 [Sk ] − n=1,2   θPj [Sk ] CP1 [Sk ] ∪ CP2 [Sk ] − 1 2 Pj ∈CP ∪CP [S ] [S k



n n=1,2 Pj ∈CP [S



k]



  θPj [Sk ] CPn [Sk ] > 0



k]



Then, CP1 [Sk ] and CP2 [Sk ] are super-additive. Proof. The above result can be obtained from the deﬁnitions of super-additive and sequential coalition. We hence omit the details for space limitation.  



In this paper, we refer to the constrained coalitional game with all the subsets of member PUs of a coalition CP [Sk ] satisfying the above conditions as a sequential coalitional game. Let us deﬁne the preference sign in comparing diﬀerent partitions as follows. 



1 2 



1 2 l m , S , ..., S , T , ..., T and T = T be two parDefinition 2. Let S = S Si = T j = J . Defining a comparison titions of J with i∈{1,2,...,l}



j∈{1,2,...,m}



relation , S  T means that the way S partitions J is preferable to the way T partitions J . In this paper, we consider Pareto order, i.e., S  T means PSj ≥ PTj , ∀ Pj ∈ S, T with at least one strict inequality (>) for a PU Pj . We say a partition S = {S 1 , S 2 , ..., S l } of J is stable if no group of players has an incentive to leave S. We assume PUs can use common knowledge or previous observation about SU networks to estimate the approximate upper bound of ¯ i.e., if βP [S ] = β¯ ∀ Pj ∈ J , Sk ∈ K, no SUs can aﬀord the pricing coeﬃcient β, j k price of PUs. We present the detailed description of the algorithm as follows. 1) Initialization: Set CP [Sk ] (0) = ∅ and CPj [S] (0) = ∅. Each PU Pj broadcasts a high pricing coeﬃcient vector βPj [S] (0) = [βPj [S1 ] (0), βPj [S2 ] (0), ..., βPj [SK ] (0)] where βPj [Sk ] (0) ≥ β¯1 . 1



Note that, at the beginning of each iteration, PUs need to pre-set the prices for each frequency band of SUs without knowing how many SUs can aﬀord the price. Hence, we abuse the notation and use βPj [Sk ] (t) to denote the price that Pj sets for use of the frequency band of Sk even if wS∗ k = 0.
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2) Coalition Formation: Receiving βP [Sk ] (t), each SU Sk sets its transmit power wS∗ k . At iteration t, if a PU Pj cannot detect any SUs, i.e., CPj [S] = ∅, then jump to Step 3) directly. If a PU Pj detects the transmission of at least one SU, it sends the list CPj [S] (t) to other PUs for possible cooperation. If   CP [Sk ] = ∅, all PU Pj ∈ CP [Sk ] (t) will jointly decide uSk β P [Sk ] (t) for Sk . 3) Dynamic Coalition Updating: At the end of iteration t, if CPj [S] (t) = ∅, Pj will update the price β Pj [S] (t) = βPj [S] (t − 1) −  for all frequency bands. If CPj [S] (t) = ∅, Pj will jointly collaborate with other PUs Pi ∈   CP [Sk ] ∀ Sk ∈ CPj [S] to update the price uSk β P [Sk ] (t + 1)|CP [Sk ] (t + 1) =   uSk β P [Sk ] (t) − |CP [Sk ] (t) for Sk ∈ CPj [S] . In addition, Pj will also update the price βPj [Sk ] (t) = βPj [Sk ] (t − 1) − , ∀ Sk ∈ / CPj [S] (t), Sk ∈ K for the frequency bands. Let t = t + 1. Go to Step 2). If one PU Pj ∈ CP [Sk ] detects a higher  than tolerable  interference from Sk , the algorithm ends with solution uSk β P [Sk ] (t − 1) , CP [Sk ] (t − 1) and CPj [S] (t − 1), ∀ Sk ∈ K, Pj ∈ J . We have the following results about the above algorithm. Theorem 1. If the above algorithm terminates, either we have CP [Sk ] = ∅ ∀Sk ∈ K, or we have   αSk ∀Sk ∈ K is satisfied, the resulting 1) If uSk β ∗P [Sk ] = min qPi /hik }+1/gSk { P ∈C i



P [Sk ]



partition is unique,  stable and  maximal for a sequential coalitional game, and the resulting w ∗S , β∗J  is a pure strategy SE for the hierarchical game, 2) Else the resulting w ∗S , β∗J is within an  distance of an SE for the hierarchical game. Proof. Consider the possible coalition formed among PUs to decide the price charged to one SU Sk . In this case, the grand coalition J has been partitioned into two disjoint coalitions: CP [Sk ] and CPc [Sk ] = {Pj : hjk wS∗ k < q P }. Here we  j



abuse the notation and use C to denote the partition of {C, C c} for C ∪ C c = J . First, let us prove that the coalition formation in one iteration t of Step 2) in Algorithm 1 is unique, stable and  maximal for a given pricing vector β P [Sk ] . From (3), it is observed that, if β P [Sk ] (t) is ﬁxed, the values of uSk (β P [Sk ] (t)), wS∗ k (βP [Sk ] (t)) and the set of PUs who can detect Sk are ﬁxed too. Thus CP [Sk ] is a unique result for the given βP [Sk ] (t) which is also a unique vector for the chosen β and . Let us show that the resulting coalition formation is stable and  maximal. Using the results of Proposition 1, we can prove that the resulting coalition CP [Sk ] (t) in iteration t has the following properties: P1) For any two , ..., P˜l } in CP [Sk ] disjoint sequential coalitions C 1 = {P˜1 , ..., P˜j } and C 2 = {P j+1 1 ˜ ˜ 2 1 2 ˜ such that j = |C |, l − j = |C | and C ∪ C ⊆ CP [Sk ] , we have {C 1 ∪ C 2 } {C 1, C 2 }, P2) For any sequential coalition C 3 = {P˜1 , ..., P˜j } such that |C 3 | > |CP [Sk ] | and C 3 ⊆ J , we have CP [Sk ] {C 3 }, P3) For any non-sequential coalition C 4 such that C 4 ⊆ J , we have CP [Sk ] {C 4 }. By combining properties P1) - P3) and
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using the transitive, irreﬂexive and monotonic properties of  [10], we can claim that, for all partitions C 5 = CP [Sk ] and C 5 ⊆ J , CP [Sk ]  C 5 holds. From the above observation, we can claim that if a set of PUs ΔCP [Sk ] (t) joins a coalition CP [Sk ] (t − 1) in iteration t, following the Step 2) of Algorithm 1, it will have no incentive to leave the coalition CP [Sk ] (t). Let us consider the dynamic coalition updating step in Algorithm 1. The main eﬀect of Step 3) in Algorithm 1 is to distributedly decrease the value of uSk until wS∗ k reaches its upper bound (the interference level increases to reach the interference temperature limit of at least uSk PU). Hence, the resulting (wS∗ k , β∗CP [S ] ) maximizes both the payoﬀ of Sk k and the payoﬀ sum of CP [Sk ] . This concludes our proof.  



In Figure 2, we show the size of a coalition CP [Sk ] and the payoﬀ of Sk under diﬀerent values of uSk (βP [Sk ] |CP [Sk ] ). It is observed that the size of the coalition as well as the payoﬀs of SUs decrease with uSk (βP [Sk ] |CP [Sk ] ). This veriﬁes our observations that PUs can use β P [Sk ] to control the partitions of the grand coalition, as well as the payoﬀs of SUs and PUs.
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Conclusion



We build a hierarchical model for CR networks to investigate the emergence of pricing coalitions among PUs. We prove that the grand coalition of the coalitional game is generally not stable and hence we introduce a simple algorithm to allow PUs to distributedly form a unique and stable partition.



References 1. Zhao, Q., Sadler, B.M.: A survey of dynamic spectrum access. IEEE Signal Processing Magazine 24(3), 79–89 (2007) 2. Gastpar, M.: On capacity under receive and spatial spectrum-sharing constraints. IEEE Trans. Inform. Theory 53(2), 471–487 (2007) 3. Xiao, Y., Bi, G., Niyato, D.: Game theoretic analysis for spectrum sharing with multi-hop relaying. IEEE Trans. Wireless Commun. 10, 1527–1537 (2011) 4. Xiao, Y., Bi, G., Niyato, D.: A simple distributed power control algorithm for cognitive radio networks. IEEE Trans. Wireless Commun. 10, 3594–3600 (2011) 5. Mathur, S., Sankar, L., Mandayam, N.B.: Coalitions in cooperative wireless networks. IEEE J. Sel. Areas Commun. 26(7), 1104–1115 (2008) 6. Saad, W., Han, Z., Debbah, M., Hjorungnes, A.: A distributed coalition formation framework for fair user cooperation in wireless networks. IEEE Trans. Wireless Commun. 8(9), 4580–4593 (2009) 7. Zick, Y., Elkind, E.: Arbitrators in overlapping coalition formation games. In: AAMAS, pp. 55–62 (2011) 8. Tandra, R., Sahai, A.: SNR walls for signal detection. IEEE Journal of Selected Topics in Signal Processing 2(1), 4–17 (2008) 9. Myerson, R.B.: Game theory: analysis of conﬂict. Harvard University Press (1997) 10. Apt, K., Witzel, A.: A generic approach to coalition formation. International Game Theory Review 11(3), 347–367 (2009)



























[image: Dynamic coalitional equilibrium - Science Direct]
Dynamic coalitional equilibrium - Science Direct












[image: Demonstration of Real-time Spectrum Sensing for Cognitive Radio]
Demonstration of Real-time Spectrum Sensing for Cognitive Radio












[image: Joint Scheduling and Flow Control for Multi-hop Cognitive Radio ...]
Joint Scheduling and Flow Control for Multi-hop Cognitive Radio ...












[image: reconfigurable antennas for sdr and cognitive radio]
reconfigurable antennas for sdr and cognitive radio












[image: pdf-175\cognitive-radio-and-networking-for-heterogeneous-wireless ...]
pdf-175\cognitive-radio-and-networking-for-heterogeneous-wireless ...












[image: Prediction of Channel State for Cognitive Radio ... - Semantic Scholar]
Prediction of Channel State for Cognitive Radio ... - Semantic Scholar












[image: A Two-Tiered Cognitive Radio System for Interference ...]
A Two-Tiered Cognitive Radio System for Interference ...












[image: CycloStationary Detection for Cognitive Radio with Multiple Receivers]
CycloStationary Detection for Cognitive Radio with Multiple Receivers












[image: Prediction of Channel State for Cognitive Radio Using ...]
Prediction of Channel State for Cognitive Radio Using ...












[image: Cognitive Radio Infrastructure using Spectrum ...]
Cognitive Radio Infrastructure using Spectrum ...












[image: Power Allocation for OFDM-based Cognitive Radio ... - Semantic Scholar]
Power Allocation for OFDM-based Cognitive Radio ... - Semantic Scholar












[image: pdf-175\cognitive-radio-and-networking-for-heterogeneous-wireless ...]
pdf-175\cognitive-radio-and-networking-for-heterogeneous-wireless ...












[image: Soft Sensing-Based Access Scheme for Cognitive Radio Networks]
Soft Sensing-Based Access Scheme for Cognitive Radio Networks












[image: Joint Scheduling and Flow Control for Multi-hop Cognitive Radio ...]
Joint Scheduling and Flow Control for Multi-hop Cognitive Radio ...












[image: Buffer-Aware Power Control for Cognitive Radio ...]
Buffer-Aware Power Control for Cognitive Radio ...












[image: Robust Beamforming in Cognitive Radio]
Robust Beamforming in Cognitive Radio












[image: Pricing-based distributed spectrum access for cognitive ... - IEEE Xplore]
Pricing-based distributed spectrum access for cognitive ... - IEEE Xplore












[image: BIO-INSPIRED SWARMING FOR DYNAMIC RADIO ...]
BIO-INSPIRED SWARMING FOR DYNAMIC RADIO ...












[image: Allocating Dynamic Time-Spectrum Blocks for Cognitive ...]
Allocating Dynamic Time-Spectrum Blocks for Cognitive ...












[image: Appendices - A Novel Dynamic Pricing Model for the ...]
Appendices - A Novel Dynamic Pricing Model for the ...












[image: The Value of Dynamic Allocation & Auction Pricing for Online ...]
The Value of Dynamic Allocation & Auction Pricing for Online ...















Dynamic Pricing Coalitional Game for Cognitive Radio ...






hierarchical network framework, taking advantage of cognitive radios (CR), in ... ous work in coalitional game-based wireless networks which typically simplifies. 






 Download PDF 



















 377KB Sizes
 1 Downloads
 228 Views








 Report























Recommend Documents







[image: alt]





Dynamic coalitional equilibrium - Science Direct 

Oct 7, 2010 - Journal of Economic Theory 146 (2011) 672â€“698 www.elsevier.com/locate/jet. Dynamic coalitional equilibrium. âœ©. Hannu Vartiainen. âˆ—. Department of Economics, Turku School of Economics, 20014 Turku, Finland. Received 23 August 2009;














[image: alt]





Demonstration of Real-time Spectrum Sensing for Cognitive Radio 

form factor (SFF) software defined radio (SDR) development platform (DP) [7] is ..... [5] Y. Tachwali, M. Chmeiseh, F. Basma, and H. Refai, â€œA frequency agile.














[image: alt]





Joint Scheduling and Flow Control for Multi-hop Cognitive Radio ... 

Cognitive Radio Network with Spectrum Underlay ... multi-hop CRN overlay with a primary network in [2]. .... network can support in sense that there exists a.














[image: alt]





reconfigurable antennas for sdr and cognitive radio 

and WiMAX (again, several bands are proposed). Many of these systems will be required to operate simultaneously. Multi-mode, multi-band operation presents a formidable challenge to mobile phone designers, particularly for the RF parts. Of these, the 














[image: alt]





pdf-175\cognitive-radio-and-networking-for-heterogeneous-wireless ... 

... apps below to open or edit this item. pdf-175\cognitive-radio-and-networking-for-heterogeneo ... visions-for-the-future-signals-and-communication-t.pdf.














[image: alt]





Prediction of Channel State for Cognitive Radio ... - Semantic Scholar 

Department of Electrical and Computer Engineering ... in [10]. HMM has been used to predict the usage behavior of a frequency band based on channel usage patterns in [11] for ..... range of 800MHz to 2500MHz is placed near the laptop and.














[image: alt]





A Two-Tiered Cognitive Radio System for Interference ... 

scheme; the number of device types to be detected; and ... The wireless communication industry has grown rapidly .... Bluetooth devices, cordless phones, and.














[image: alt]





CycloStationary Detection for Cognitive Radio with Multiple Receivers 

of cyclostationary signatures in fading channels. In [9], air interface ..... [11] M. Simon and M. Alouini, Digital Communication Over Fading Chan- nels. Wiley-IEEE ...














[image: alt]





Prediction of Channel State for Cognitive Radio Using ... 

ity, an algorithm named AA-HMM is proposed in this paper as follows. It derives from the Viterbi algorithm for first-order. HMM [20]. 1) Initialization. Ã¢iRiR+1 ...














[image: alt]





Cognitive Radio Infrastructure using Spectrum ... 

Abstract: Cognitive radio is an amazing technology that allows low cost voice and data services by identifying opportunities in spectrum, space, code and time.














[image: alt]





Power Allocation for OFDM-based Cognitive Radio ... - Semantic Scholar 

Cognitive radio (CR) is a highly promising technology to solve the spectrum insufficiency ... Small Cell Based Autonomic Wireless Network]. is assumed to have ...














[image: alt]





pdf-175\cognitive-radio-and-networking-for-heterogeneous-wireless ... 

pdf-175\cognitive-radio-and-networking-for-heterogeneo ... visions-for-the-future-signals-and-communication-t.pdf. pdf-175\cognitive-radio-and-networking-for-heterogeneou ... -visions-for-the-future-signals-and-communication-t.pdf. Open. Extract. Ope














[image: alt]





Soft Sensing-Based Access Scheme for Cognitive Radio Networks 

Modeling and Optimization in Mobile, Ad Hoc, and Wireless Networks. (WiOpt), 2012 [1]. This paper was supported by a grant from the Egyptian National ...














[image: alt]





Joint Scheduling and Flow Control for Multi-hop Cognitive Radio ... 

Cognitive Radio Network with Spectrum Underlay ... multi-hop CRN overlay with a primary network in [2]. .... network can support in sense that there exists a.














[image: alt]





Buffer-Aware Power Control for Cognitive Radio ... 

CSI roles in the wireless resource allocation problem, yet, in a different setting ... (CSI). This is of paramount importance to gain key insights about the sum rate maximization power control problem and the potential role of BSI in balancing the fu














[image: alt]





Robust Beamforming in Cognitive Radio 

commission (FCC) [1], spectrum utilization depends very much upon place and time and yet most ... exploited by CR [5], but higher spectrum utilization is antici- pated if coexistence between the primary (PU) and ... achieve various objectives, such a














[image: alt]





Pricing-based distributed spectrum access for cognitive ... - IEEE Xplore 

Abstract: A pricing-based distributed spectrum access technique for cognitive radio (CR) networks which adopt the geolocation database (GD) is proposed.














[image: alt]





BIO-INSPIRED SWARMING FOR DYNAMIC RADIO ... 

This work has been funded by FREEDOM Project, Nr. ICT- ... and tracking abilities. In this paper we combine the swarm-based resource allo- cation scheme with the diffusion adaptation algorithm. The basic contributions of this paper are: (a) the exten














[image: alt]





Allocating Dynamic Time-Spectrum Blocks for Cognitive ... 

College Park MD 97124 [email protected] ... republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee.














[image: alt]





Appendices - A Novel Dynamic Pricing Model for the ... 

Appendices - A Novel Dynamic Pricing Model for the Telecommunications Industry.pdf. Appendices - A Novel Dynamic Pricing Model for the ...














[image: alt]





The Value of Dynamic Allocation & Auction Pricing for Online ... 

at a fixed CPM value. Many publishers find comfort in the predictable revenues of this type of booking. Can publishers make more money by embracing a spot auction sales model â€” with ... With a typical third-party ad server, publishers categorize ad


























×
Report Dynamic Pricing Coalitional Game for Cognitive Radio ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















