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1. Summary

Use of Relay nodes was proposed in IMT-Advanced and consequently in LTE-Advanced because of theoretical increase in throughput achieved by using Relays. The theoretical gain in throughput using different relaying techniques is obtained through implementing

1. Advanced coding techniques implementing superposition/multi-layer codes.

2. Advanced combining at the destination.

Absence of each of the above factors reduces the utility of relay. In the absence of advanced coding and combining, L1 and L2 relay architectures are reduced to simple repeaters (multi-hop system) and the promised throughput gain vanishes. Therefore, adoption of L1 and L2 relays must include the adoption of using advanced coding, superposition and multi-layer codes. 

In this contribution we address the challenges and requirement for achieving the promised gain by relays and show that adoption of L1 and L2 relaying schemes must be accompanied by adopting the required coding and combining schemes in order to be successful. Moreover, we show that if interference is managed correctly, the L3 relaying scheme has the potential of improving the performance of cell-edge users without implementation of advanced coding and combining techniques.

2. Discussion

Use of Relay nodes has been proposed in LTE-Advanced in order to improve the throughput of cell-edge users. Many relaying schemes such as L0, L1, L2, L3, RRE and a plethora of cross combination such as relaying and network coding, and macro diversity strategies have been proposed. In this contribution we address the challenges and requirement for achieving the promised gain by relays and show that adoption of L1 and L2 relaying schemes must be accompanied by adopting the required coding and combining schemes.

Different variations of superposition codes, e.g. [5], are used in the literature to obtain achievable rates for various relaying schemes. . There have been several attempts to design codes, such as LDPC codes, for the Relay channel [6-7]. The designed codes are multi-rate LDPC codes designed for achieving different rates over different SNRs. The dependency of the design to the channel conditions transmitter-relay and transmitter-destination makes the utility of these codes very limited. Another approach is using rateless codes such as fountain codes or raptor codes [8-9]. The key innovation in the design of such codes is that the transmitter sends information at all times, and the receiver, for example the relay node, attempts to decode the received information until it can successfully decode the received information. Strict delay constraint, complexity limitation, required level of synchronization and additional overhead are limitations that reduces the utility of rateless codes in LTE-A framework. 

In the next section we evaluate the performance of different relaying strategies and show the degradation in performance of L1 and L2 relay when superposition coding and combining are not used. 

3. Numerical Results

In this section we consider a relay channel illustrated in Figure3. We calculate the achievable rate by L1 and L2 when using advanced coding techniques and the two-hop system which represents the L1 and L2 systems in absence of superposition-like codes. For numerical evaluation it is assumed that the transmitter has power P1=100 mW, and Relay node has power P2=1 W. The instantaneous received power PRx has the general form of
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Where, gTx-Rx is the channel coefficient between the transmitter and the receiver, dTx-Rx is the distance between the transmitter and the receiver and 
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 is the path-loss exponent. 

Figure1 shows the spectral efficiency of different relaying schemes described in the Appendix as a function of the location of Relay. A linear topology is assumed in which at d=0, the relay node is collocated with transmitter and at d=1 the relay is collocated with the receiver. 
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Figure 1: Comparison of spectral efficiencies of different relaying schemes.

Note that in absence of advanced coding and combining techniques (e.g. OAF, NOAF) the performance is reduced to that of a multi-hop system. 

Figure2 shows the percentage gain of the two-hop system with respect to the direct link.
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Figure 2: Percentage gain in spectral efficiency of a two-hop system over direct link.

4. Conclusions

We demonstrated, analytically and numerically, that advanced coding, superposition and layered codes, in combination with combining at the receiver, are essential for L1 and L2 relays to achieve the promised gains otherwise their performance can not exceed the performance of a two-hop system. Therefore, adoption of L1 and L2 must include the adoption of advanced coding, superposition codes, and required combining techniques. 

If interference is managed correctly and new edges are not created, L3 relaying scheme has the potential of improving the performance of cell-edge users without implementation of advanced coding and combining techniques. However, the performance of L3 relay requires more clarification in defining spectral efficiency and achievable rates.
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6. Appendix: Relaying Schemes

Consider a system with relay node as illustrated in Figure 1.
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Figure 3: System with Relay Node

The instantaneous channel between Transmitter-Relay, Transmitter-Receiver, and Relay-Receiver are labeled as h, h1, and h2. Results in this section are partly based on published research such as [3-4].

6.1. Direct Link

The capacity of the direct link between the transmitter and the receiver is given by:
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where SNR1 is the ratio of signal power at the transmitter to noise at the receiver. Further assume that the SNR2 is the ratio of signal power at the relay to noise at the receiver and ( be the amplification factor at the relay. 

6.2. MISO Upper Bound

Capacity of the system in Figure1 can be upper bounded by a Multiple-Input-Single-Output system with two transmit antennas at transmitter and relay nodes, and single receive antenna at the destination. The capacity of such system is given by
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This bound also represents the full cooperation between transmitter and relay and can be used as a base line for cooperative systems without overhead consideration.

6.3. Multi-hop Lower Bound

In its simplest format, the system can operate as a two-hop network. In the first time slot, transmitter sends information to the relay node and in the second time slot, relay node retransmit the information to the destination. In this scheme, the signal received by the destination in first time slot is ignored. Achievable rate of such system is given by
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6.4. Orthogonal Amplify- Forward

Orthogonal Amplify-Forward (OAF) scheme divides the transmission into two phases. In the first step, transmitter sends information to relay and the receive, and in the second step the relay adjust the power, using the factor (, and retransmits the received signals. The key component is the act of combining at the receiver in which the received signals in two steps are combined. In this case the capacity of the OAF is given by: 
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Note the ½ factor in front of the expression. In order that OAF reaches the capacity of direct link the combined power at the receiver must be exponentially larger than the received power via direct link. This situation hardly achieved except at extreme lower power scenarios.

6.5. Non-Orthogonal Amplify-Forward

In the Non-Orthogonal Amplify-Forward (NOAF) the transmitter sends information at all times and relay only transmits every other time slot (half-duplex relay).
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If looked closely, the expression for the achievable rate CNOAF has term contributed from the direct link as well as terms obtained through combining and cooperating (MISO).

6.6. Decode-Forward

Dynamic Decode-Forward (DF) is the most advanced coding scheme in which relay node listens to the transmitter until it decodes the intended message. After re-encoding the received message, relay transmits in the remaining time. The transmitter is sending during the whole period. If the transmission is divided into two equal time slots then we have standard Decode-Forward (DF). The achievable rate of such scheme is given by:
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6.7. L3 Relay

The throughput of L3 relay needs to be defined properly. It is not clear the throughput is defined on the UE-Relay link or UE-eNB link. The ambiguity stems in the fact that L3 relay has all the functionality of an eNB. The UE is associated with the Relay and ACK/NACK is send upon successful reception of packets at the Relay node. However, this view makes the comparison with direct link UE-eNB a tad questionable. Since the destination of a packet in the direct link is eNB.
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