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Introduction
Relaying is being examined as part to the LTE-Advanced study item as a technology to enhance coverage and capacity and offer more flexible deployment options to fulfill the requirements [1]. In RAN1#56 it is agreed that at least “Type 1” relay node is part of LTE-Advanced. “Type 1” is an inband relaying node and appears to a UE as a separate cell distinct from the donor cell, i.e. it is Decode and Forward (DF). More details on “Type 1” relay can be found in [2]. 
DF relays detect the desired signal and then encode and forward it. The total delay from the source nodes to the destination nodes via RN is therefore increased. Moreover, part of the available radio resources are consumed for the data transmission between eNB and RNs, these resources are considered as overhead since they cannot be used to directly serve UEs.
In this document we assume ideal operations for DF relays (i.e. the total delay is neglected) and we focus the discussion on the performance of relaying for cell edge users in a coverage limited scenario. In particular, we analytically derive the end-to-end throughput for UEs connected to RNs in case of DF Half Duplex. For brevity, in the following DF refers to half duplex DF.
Scenario

We consider a simple two hop scenario where RNs are deployed close to the cell border of the donor eNB; this deployment allows three different types of links, as can be seen in Figure 1.  By direct link we refer to the connection between eNB and UE, the backhaul link is carried out between the donor eNB and RN, and the term access link is used for the link between RN and UE.
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Figure 1: 2-hop relay deployment.

Since indoor users are considered, a penetration loss of 20 dB has been applied to the direct and access link but not to the backhaul link because relays are expected to be deployed outdoor, e.g. on lamppost. The donor eNB/RN selection is performed by UEs on the basis of highest received signal power in downlink.

Decode and Forward Half Duplex Relay
In this discussion we focus on cell edge users and therefore only the throughput for UEs connected to the RNs is derived. However, the analytical derivation can easily be extended also taking into account the throughput of UEs connected to eNB, but it is out of the scope of this document.

We aim at investigating relaying performance in coverage limited scenario; therefore interference is neglected in the analytical derivation.  How the throughput improvement at cell edge can be traded into coverage extension (and eventually cost savings) is further discussed in [3].
In Decode and Forward (DF) relaying if there are many relays per cell, then the resources used on the RN to UE link can be reused among the RNs, as shown in Figure 2, just like resources are reused in neighboring cells. This is not possible with Amplify and Forward (AF) relays, because as the eNB generates the transmit signal, different relays cannot transmit different signals at the same time.
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Figure 2: Concurrent transmission of RNs using the same resources, the resource partitioning for eNB to RNs and RNs to UEs transmissions is shown only in time domain but it can be done in frequency domain as well.

Figure 2 shows an example of physical resources in one frame (or multiple of one frame) partitioned for eNB to RNs and RNs to UEs transmissions. Note that for simplicity a frequency domain resource split of PRBs is not depicted in the figure, but exclusively a time domain resource split. However, within the eNB to RN and RN to UE transmissions resources can be allocated both in frequency and time domain as well. Considering the normalization with respect to the maximum available resources we have that:
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where i=1, ..., n and n is the number of RNs that use the same physical resources in the cell. It can be approximated as:
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The end-to-end throughput eNB-RN-UE is computed as the minimum between the throughput on the backhaul link and the access link; therefore the maximization of the end-to-end throughput is obviously obtained for: 
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where Ai is the throughput assuming all physical resources are assigned to the access link and Ri the throughput assuming all physical resources are assigned to the backhaul link. Solving the following equations:
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we obtain that:
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The end-to-end throughput is therefore equal to:
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We can observe that the end-to-end throughput increases with an increasing number of RNs that transmit using the same physical resources. 
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Figure 3: Spectral efficiency on direct, backhaul, access and end-to-end links (points corresponding to typical 5%-tile and 10%-tile SINR CDF are also reported as indication of cell edge UEs).
In Figure 3 the spectral efficiency is plotted. Throughputs on direct link, eNB to RN and RN to UE links are computed from SNR using the Shannon approximation plus some “implementation” margins, similarly as described in [4]. The backhaul link is assumed to be 20dB better than the direct link (20 dB penetration loss does not affect the backhaul link); while the access link is assumed to be 10dB better than the direct link. This assumption is consistent as the UE connects to a RN if the access link is better than the direct one. 

The spectral efficiency of DF relays is plotted using equation (6), we have assumed that 4 relays are using the same resources. This is a realistic assumption because a high number of RNs is expected to be deployed at cell border due to small coverage area of the single RN (see distance dependent path loss in [2]). At high SNR the performance of DF relays is limited by the overhead for transmitting on the eNB-RN link. Due to the concurrent RN transmissions the performance of DF relay increases accordingly, in particular at low SNR, which is exactly what characterizes cell edge users as shown by the typical 5%-tile and 10%-tile of the SINR CDF. Anyhow relays are not expected to be deployed primarily in the cell centre area where UEs already get good SINR, instead relays will be predominantly deployed in the cell edge areas.
Conclusion

If we want relays to enhance cell edge performance (UEs characterized by low SNR) then Decode and Forward seems to be a good way to go. Another advantage of Decode and Forward relays is that the eNB can serve other UEs or RNs during the time RNs are serving UEs.
Half duplex Decode and Forward relaying, in particular wireless self backhaul, allows to reuse substantial parts of the concept from eNBs for the relay standardization and implementation.
References

[1] TR 36.913 v8.0.0 (2008-06), Requirements for further advancements for E-UTRA (LTE-Advanced).
[2] 3GPP TR 36.814 V1.0.0, Further Advancements for E-UTRAN Physical Layer Aspects.

[3] R1-091356, Effect of Relaying on Coverage, Nokia Siemens Networks, Nokia.

[4] 3GPP 36.942 V8.0.0 (2008-09), Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios.
_1290707398.unknown

_1290845237.unknown

_1291182796.unknown

_1290844926.unknown

_1290678746.unknown

_1290679857.unknown

