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The overlay approach to dynamic spectrum access recently proposed in information theory allows both primary users (PUs) and secondary users (SUs) to simultaneously access the same spectrum with comparable power levels while ensuring no degradation to the performance of PUs. However, this approach is based on a number of idealized assumptions that are difficult to satisfy in practice, and existing efforts to address this issue fall outside physical layer processing. In this paper, we propose a number of physical layer mechanisms to make the overlay approach practical. In particular, we leverage the broadcast nature of the wireless medium and the latest breakthrough in full-duplex radios to resolve the synchronization problem and to get around the non-causal assumption while naturally offering delay diversity. Index Terms— Overlay dynamic spectrum access, cognitive radios, Tomlinson-Harashima precoding, full-duplex radios 1. INTRODUCTION Dynamic spectrum access can take three approaches: interweave, underlay, and overlay [1]. In the interweave approach and the overlay approach, typically Secondary Users (SUs) are cognitive radios and Primary Users (PUs) are noncognitive radios. In the interweave approach, SUs access the “spectrum holes” opportunistically, i.e., SUs transmit only when PUs do not transmit. This approach was the original motivation for dynamic spectrum access, and it is the approach taken in the vast majority of work on cognitive radios. Example schemes include those surveyed in [2]. In the underlay approach, SUs transmit over a wide band at low power spectrum density such that disruptions to PUs operating in a narrow band are negligible, and example schemes include Ultra Wide Band techniques. In the overlay approach, an SU and a PU transmit simultaneously in the same spectrum, and the SU’s transmission power can be comparable to or even greater than the PU’s. It is shown in [3] that it is possible for SUs to achieve fairly good performance while satisfying the coexistence conditions: (i) SUs do not negatively affect PUs, and (ii) PUs use the same decoder that they would use in the absence of SUs. Roughly



speaking, an SU transmitter splits its transmission power into two parts: one for transmitting its own message, and the other for assisting the transmission of a PU message. The power is split such that at the PU receiver, the quality of the PU signal is not worse than the quality in the absence of SU transmissions. Dirty Paper Coding (DPC) [4] is used to achieve the optimal performance of SUs. However, a number of idealized assumptions are made in [3], which are difficult to satisfy in practice. To see this, consider the system in Fig. 1. For convenience, the PU transmitter, the PU receiver, the SU transmitter, and the SU receiver are called nodes 1 through 4, respectively. The gain of the channel from node i to node j is denoted as hij and is assumed to be deterministic. The noise at node i is assumed to be circular Gaussian with variance Ni and is denoted as Zi ∼ CN (0, Ni ). Node 1 wishes to send message mp to Node 2. Message mp is encoded by encoder Epn () to form codeword Xpn (mp ), a vector of length n. Node 3, which has non-causal knowledge of message mp , wishes to send message ms to Node 4. The SU encoder Esn () encodes mp and ms jointly to form codeword Xsn (mp , ms ). The two codewords Xpn (mp ) and Xsn (mp , ms ) are sent on the interference channel simultaneously. The signals received at Node 2 and at Node 4 are Ypn and Ysn , respectively. The PU decoder Dpn () decodes Ypn to get an estimate m ˆ p for mp , and the SU decoder Dsn () decodes Ysn to get an estimate m ˆ s for ms . PU TX (non-cognitive) Xpn(mp) mp
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Fig. 1. The overlay approach proposed in [3]. The signal Xsn sent by the SU transmitter is q n Xsn = Xss + (h∗32 /|h32 |)(h12 /|h12 |) ρPs /Pp Xpn ,



(1)



where Pp is the average power of Xpn , Ps is the average power of Xsn , ρ is a constant in [0, 1] representing



the fraction of power used for the PU signal, the factor (h∗32 /|h32 |)(h12 /|h12 |) implements transmit beamforming, n and Xss is the codeword generated by DPC and is circular Gaussian with average power (1 − ρ)Ps . It can be shown that, to not degrade the SNR at the PU receiver, ρ must be at least



ρ∗ =



|h12 |2



2 p |h32 |2 Ps (|h12 |2 Pp + N2 ) + N22 − N2 Pp |h32 |2 (|h12 |2 Pp + N2 )2 Ps



(2) An interesting result is that in the “low-interference-gain” √ √ regime, i.e., when |h32 |/ N2 ≤ |h34 | N4 , the capacity of PUs in the presence of SUs is the same as the capacity of PUs in the absence of SUs, and the capacity of SUs in the presence of PUs is the same as the capacity of SUs in the absence of PUs with the SU transmission power being (1 − ρ∗ )Ps . To make the above scheme work, the following idealized assumptions are made, which are difficult to be satisfied in practice: 1. Non-causal knowledge of Xpn at the SU transmitter. To apply DPC, the SU transmitter needs to obtain the PU message Xpn before Xpn is transmitted. 2. Synchronization of the SU transmission and the PU transmission, i.e., the SU signal Xsn and the PU signal Xpn must be aligned in phase precisely. This is difficult to do in practice and turns out to be unnecessary. 3. Knowledge of the channels seen by the PU receiver. From (2), we see that the SU transmitter needs to know channel gains h32 and h12 and noise power N2 . To accurately estimate these parameters, feedback from the PU receiver is needed, which requires modifications to the PUs. Efforts have been made to address these assumptions. In [5], where PUs are DTV systems and SUs are cellular networks, to address the first two assumptions, a DTV distribution network is used to deliver the codewords and transmission timing information to both the TV transmitter and the cellular network, assuming the availability of GPS. However, the use of a DTV distribution network with cellular networks increases system complexity and traffic load in the cellular core network, and the assumption of the availability of GPS may not always hold in practice. The third assumption is partially addressed in [5] by ensuring no degradation in the performance of the critical TV receiver (the one most severely affected by the SU transmission). In [6], solutions above the physical layer are used to circumvent these assumptions in designing an overlay flavored cognitive radio protocol. In this paper, we address the first two assumptions by using techniques at the physical layer. In particular, we leverage the broadcast nature of the wireless medium and the latest advancement in full-duplex radios [7]. The broadcast nature of the wireless medium allows us to use a PU transmission as



a synchronization message. In practice, the effective channel perceived by the PU receiver is multi-tap. To limit the delay spread within the equalization capability of the PU receiver, the SU transmitter needs to send the assisting signal before receiving the entire PU message, which may call for the use of a full-duplex radio. The critical TV (or more generally PU) receiver technique of [5] can be applied on top of our scheme to address the third assumption. The remainder of the paper is organized as follows. Section 2 describes the details of our scheme with analysis. Section 3 provides numerical results, and Section 4 concludes the paper. 2. THE PROPOSED SCHEME The system architecture of our proposed scheme is shown in Fig. 2. Unlike [3][5], our scheme considers fading and does not assume Gaussian codebooks. Also, our scheme does not need a non-causal signal path from the PU transmitter to the SU transmitter or the use of an auxiliary system such as a DTV distribution network. To capture fading, the channel gains hij are now assumed to be circular Gaussian with vari2 2 ance σij and denoted as hij ∼ CN (0, σij ). The propagation delay between node i and j is denoted as τij . The desired message for node 4, ms , is encoded via a causal encoder Es˜n () into Xdn . Our scheme is as follows: 1. The PU transmitter starts sending the PU signal Xpn . 2. Upon overhearing the PU transmission, the SU transmitter demodulates to get the received symbol, performs Tomlinson-Harashima (T-H) precoding [8] (which can be used as a causal interference cancelation scheme) instead of DPC on Xdn (ms ) assuming slow fading, and modulates and transmits the quantization signal. 3. The PU receiver processes the superposed signal as if the SUs were absent in terms of performance, and the SU receiver applies the decoding procedure of T-H precoding to obtain the desired signal. Practical considerations may call for the use of a full-duplex radio at the SU transmitter. The SU transmitter acts as a relay for the PU packet. If the SU transmitter decodes the entire PU packet and then relays the PU packet, the delay spread seen by the PU receiver may be too large to handle. To avoid this problem, the SU transmitter needs to significantly reduce the relay delay. One potential solution is proposed in [9]: if the relay (the SU transmitter in our case) has a 10-dB path loss advantage over the transmitter (the PU transmitter), the relay can decode and then relay the PU packet without waiting for the entire PU packet to be received [9]. However, such 10-dB path loss advantage may not always be available. Besides, many practical systems employ interleaving and CRC of the whole packet which prevents such operation without modifying the PUs. Therefore, the SU transmitter needs to



start relaying while still receiving the PU packet, which calls for the use of a full-duplex radio if the SU transmitter is limited by a small form factor. Although full-duplex radios are traditionally considered infeasible, a two-antenna wideband full-duplex radio is recently demonstrated [7]. PU TX (non-cognitive) Xp
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where PTX is the transmit power, N0 is the noise power, h is the channel of any taps, H represents Hermitian, and the expectation E is on h. When h consists of 1 tap h[0], from (6)  p (1) we have the familiar result Pb = 12 1 − γ0 /(2 + γ0 ) ,
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Fig. 2. System architecture of our proposed scheme. Our scheme naturally introduces delay diversity [10] to the PU receiver. The delay difference ∆τ is τ13 + Tp + τ32 − τ12 , where Tp is the PU symbol interval and accounts for the demodulation delay at the SU transmitter. Note that τ13 + τ32 − τ12 ≥ 0 because the sum of two sides of a triangle is greater than the third side. Thus, ∆τ ≥ Tp and the channel perceived by the PU receiver is two-tap. Also, extra delay can be intentionally added at the SU transmitter. When the channel taps experience independent fading, not only a power gain but also a delay diversity gain can be achieved. In contrast, the work in [5] considers only the power gain. Let lij be τij in number of PU symbol intervals, i, j = 1, ..., 4. For simplicity, lij ’s are assumed to be integers. The signal transmitted by the SU transmitter at time i is Xs [i] = Xss [i] + α(h13 Xp [i − l13 − 1] + Z3 [i])



(3)



where Xss [i] is the quantization signal generated in T-H precoding, and α determines the power split ratio 2 ρ = α2 (σ13 Pp + N3 )/Ps .



(4)



Note that, since the SU transmitter does not decode the primary signal, noise Z3 will be carried on when the SU transmitter performs relay, as shown in (3). The signal received at the PU receiver at time i is Yp [i] =



is obtained by detecting a symbol that is the only transmitted symbol. This lower bound is shown to be within 1dB from the Maximum Likelihood Sequence Estimation (MLSE) performance for QPSK and a two-tap fading channel with equal channel gains. For QPSK, the BER can be shown to be  q  Pb = Eh Q hH hPTX /N0 , (6)



h12 Xp [i − l12 ] + αh13 h32 Xp [i − l0 ]



+h32 Xss [i − l32 ] + αh32 Z3 [i − l0 ] + Z2 [i](5) where l0 = l13 + l32 + 1. The delay spread k := l0 − l12 ≥ 1 because ∆τ ≥ Tp . The assisting signal is αh13 h32 Xp [i − l0 ], and the noise is boosted from Z2 [i] to Z2 [i]+αh32 Z3 [i−l0 ]+ h32 Xss [i − l32 ], and we need to determine α and hence the power split ratio ρ so as not to degrade the PU performance. The SU transmitter needs to know the effect of the assistance to the PU receiver in order to determine the power split ratio. We focus on the probability of a bit error (BER) performance, and use the matched filter lower bound [11], which



where γ0 = σ02 PTX /N0 is the average received SNR for the single-tap channel. When h consists of two taps h[0] and h[k], since |h[0]|2 and |h[k]|2 are both exponential and independently distributed, we have the probability density function of v := hH h, fv (v) = (exp(−v/σ02 )−exp(−v/σk2 ))/(σ02 −σk2 ) for v ≥ 0. The BER now becomes   r  r 1 1 γ0 γk (2) Pb = 1− γ0 − γk 2 γ0 − γk 2 + γ0 2 + γk (7) where γi = σi2 PTX /N0 , i = 0, k, for γ0 6= γk . When γ0 = (2) γk , the BER is given by the limit limγ0 →γk Pb . At high (2) SNRs, i.e., γ0 , γk  1, we have Pb ≈ 3/(4γ0 γk ), which clearly shows the delay diversity gain. For the problem at hand, when overlay is not used at all, the channel is one-tap h[0] = h12 , and the BER is   p (1) P˜b = 1 − γ0 /(2 + γ0 ) /2, (8)



2 where γ0 = σ12 Pp /N2 . When our overlay scheme is used, the channel is two-tap with h[0] = h12 and h[k] = αh13 h32 and the received quantization signal h32 Xss is Gaussian and serves as interference, and the BER becomes s s !! 1 1 γ ˜ γ ˜ 0 k (2) P˜b = 1− γ˜0 −˜ γk 2 γ˜0 − γ˜k 2 + γ˜0 2 + γ˜k



(9)



2 2 2 where γ˜0 = σ12 Pp /(N2 + σ32 (1 − ρ)Ps + α2 σ32 N3 ), γ˜k = 2 2 2 2 2 2 α σ13 σ32 Pp /(N2 + σ32 (1 − ρ)Ps + α σ32 N3 ), and α is defined in (4). When the scheme in [5] is used, where the two taps now collapse into one and the noise Z3 is not present in the relay signal, we have the BER   p (1) Pˆb = 1 − γˆ0 /(2 + γˆ0 ) /2, (10) 2 2 2 where γˆ0 = (σ12 Pp + ρσ32 Ps )/(N2 + σ32 (1 − ρ)Ps ). (1) The SU transmitter now calculates ρ for which P˜b = (2) P˜b . Such ρ may not exist because the received PU signal h13 Xp at the SU transmitter could be much weaker than the



noise Z3 . If such ρ does not exist, the SU transmitter cannot use our proposed overlay scheme. If such ρ exists, denoted as ρ∗ , the SU transmitter sets ρ ≥ ρ∗ and applies our proposed overlay scheme. The SU transmitter now performs T-H precoding. In particular, the SU transmitter determines the quantization signal Xss [i] in (3) which depends on the ”known interference” S[i] = h34 α(h13 Xp [i − l13 − 1] + Z3 [i]).



(11)



Since the PU TX, the SU TX and the SU RX form a triangle, i + l34 − l14 > i − l13 − 1. The SU TX cannot know the PU signal directly transmitted by the PU TX and received at the SU RX at time i + l34 − l14 early enough for T-H precoding and thus signal h14 Xp [i + l34 − l14 ] is not part of the ”known interference”. T-H precoding [8] is then applied to obtain Xss [i]. The received signal at the SU RX is Ys [i] = S[i − l34 ] + h34 Xss [i − l34 ] + Z4 [i]. Let the constellation of the desired received QPSK signal at the SU RX be A(±1 ± j). If S[i − l34 ] is totally random (i.e., 2-dimensional uniform distributed), then A is determined by Pss = (1 − ρ)Ps = 2A2 /(3||h34 ||2 ). 3. NUMERICAL RESULTS We compare the BER performance of our scheme and that of the one in [5]. The power split ratio ρ is determined for the scheme in [5] by solving ρ for which γ0 = γˆ0 . The same value of ρ is then applied to our scheme. The PU receiver uses the Viterbi algorithm to perform MLSE. We set Pp = 2 Ps , σij = σi20 j 0 , Ni = Ni0 for all i, j, i0 , j 0 and vary γ0 = 2 σ12 Pp /N2 . The performance for the scheme in [5] is the same as Rayleigh fading. Figure 3 shows that our scheme (red solid line with triangles) offers a delay diversity gain, which is able to compensate for the penalty due to its use of the amplifyand-forward relay approach. In addition, at high SNR, our scheme significantly outperforms the one in [5]. 0
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Fig. 3. The BER performance at the PU receiver.



4. CONCLUSION We address the non-causal and the synchronization assumptions of the overlay cognitive radio approach originally pro-



[10] N. Seshadri and J. H. Winters, “Two signaling schemes for improving the error performance of frequencydivision-duplex (fdd) transmission systems using transmitter antenna diversity,” in IEEE VTC, 1993. [11] J. E. Mazo, “Exact matched filter bound for two-beam rayleigh fading,” IEEE Trans. on Comm., vol. 39, no. 7, pp. 1027–1030, July 1991.



























[image: Map Overlay -]
Map Overlay -












[image: pdf overlay freeware]
pdf overlay freeware












[image: The Cognitive Neuroscience of Human Decision Making: A ... - LTC]
The Cognitive Neuroscience of Human Decision Making: A ... - LTC












[image: PDF Ebook Making Cognitive-Behavioral Therapy Work ...]
PDF Ebook Making Cognitive-Behavioral Therapy Work ...












[image: The Cognitive Neuroscience of Human Decision Making: A ... - LTC]
The Cognitive Neuroscience of Human Decision Making: A ... - LTC












[image: The Cognitive Neuroscience of Human Decision Making: A ... - LTC]
The Cognitive Neuroscience of Human Decision Making: A ... - LTC












[image: Controller Emulator Overlay - Letter  Developers]
Controller Emulator Overlay - Letter Developers












[image: Supermedia Transport for Teleoperations over Overlay Networks]
Supermedia Transport for Teleoperations over Overlay Networks












[image: Knowledge Delivery Mechanism for Autonomic Overlay Network ...]
Knowledge Delivery Mechanism for Autonomic Overlay Network ...












[image: Enabling Future Consumer Radios to Interact Directly ...]
Enabling Future Consumer Radios to Interact Directly ...












[image: Controller Emulator Overlay - A4  Developers]
Controller Emulator Overlay - A4 Developers












[image: Cognitive discoordination 1 Cognitive discoordination ...]
Cognitive discoordination 1 Cognitive discoordination ...















MAKING OVERLAY COGNITIVE RADIOS PRACTICAL ...






ABSTRACT. The overlay approach to dynamic spectrum access recently proposed in information theory allows both primary users. (PUs) and secondary users (SUs) to simultaneously access the same spectrum with comparable power levels while en- suring no degradation to the performance of PUs. However,. 






 Download PDF 



















 123KB Sizes
 2 Downloads
 217 Views








 Report























Recommend Documents







[image: alt]





Map Overlay - 

Sep 11, 2010 - Site. % New Visits. Bounce Rate. California. 2,980. 6.34. 00:03:50. 54.70%. 2.45%. Florida. 198. 4.50. 00:02:02. 76.26%. 1.52%. Hawaii. 182.














[image: alt]





pdf overlay freeware 

Page 1 of 1. File: Pdf overlay freeware. Download now. Click here if your download doesn't start automatically. Page 1 of 1. pdf overlay freeware. pdf overlay freeware. Open. Extract. Open with. Sign In. Main menu. Displaying pdf overlay freeware. Pa














[image: alt]





The Cognitive Neuroscience of Human Decision Making: A ... - LTC 

the VMF participants showed minimal SCR prior to card choices, and this response .... One way to address this difficulty is to look at much sim- pler component ...














[image: alt]





PDF Ebook Making Cognitive-Behavioral Therapy Work ... 

It is for guide remains in soft data, so you could wait in gizmo. After that, you can open the gizmo everywhere and review guide appropriately. Those are some ...














[image: alt]





The Cognitive Neuroscience of Human Decision Making: A ... - LTC 

some degree of flexibility to be useful in a changing envi- ronment. ... as cognitive psychology, economics, and computer sci- ence (Baron ...... Proceedings of the National Academy of Sciences of the .... and non-gambling college students.














[image: alt]





The Cognitive Neuroscience of Human Decision Making: A ... - LTC 

as cognitive psychology, economics, and computer sci- ence (Baron, 1994 ...... Proceedings of the National Academy of Sciences of the. United States of ...














[image: alt]





Controller Emulator Overlay - Letter Developers 

Align with digital outline in the Controller Emulator app near the center of the phone screen and attach. You may need to resize the on-screen outline via the app ...














[image: alt]





Supermedia Transport for Teleoperations over Overlay Networks 

significantly reduce latency compared with available transport services. Keywords. Teleoperation, Overlay networks, Forward error correction. 1 Introduction and ...














[image: alt]





Knowledge Delivery Mechanism for Autonomic Overlay Network ... 

Jun 19, 2009 - KBN broker, termed the Trigger Broker. The Trigger Broker receives incoming subscriptions from the policy server. (dynamically derived from its policy set) and stores these in a local subscription table. When management state (event) m














[image: alt]





Enabling Future Consumer Radios to Interact Directly ... 

Raytheon BBN Technologies ... ternet of Things place on the wireless capabilities of the con- ... These Things will rely on communications technology that. 353.














[image: alt]





Controller Emulator Overlay - A4 Developers 

For best effect, print on thickest cardstock possible and cut along the thick black lines with scissors or a craft knife. Align with digital outline in the Controller ...














[image: alt]





Cognitive discoordination 1 Cognitive discoordination ... 

Brain Research Reviews, 41, 57-78. Leiser, D., & Bonshtein, U. (in press). Theory of mind in schizophrenia: Damaged module or deficit in cognitive coordination ...


























×
Report MAKING OVERLAY COGNITIVE RADIOS PRACTICAL ...





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.
















