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1
Introduction
In LTE-A networks, relays are a key factor given the potential capacity and coverage enhancement. With proper interference management, the network capacity could be substantially improved with a high relay density. This contribution will discuss our view on a few options related to the deployment of relays in LTE-A, including:
1. Relays vs. repeaters.

2. Transparent relaying vs. explicit relaying.

3. TDD relaying vs. SDD relaying. 

Subsequently, we also discuss some of the interference scenarios that may arise as a result of introducing relay nodes into a macro network. 

In this contribution, a relay refers to a typically low-powered node that uses wireless, cellular backhaul to another (donor) eNB.  The donor eNB could be either a node with a wired backhaul, or another relay.  An in-band relay refers to a relay that uses the same wireless channel (center-frequency, bandwidth) for its access link (link between the relay and UEs) and its backhaul link (link between the relay and its donor eNB).
2
Discussion 
2.1
Repeaters vs. Relays
Repeaters can offer coverage extension for eNBs by amplifying and forwarding received waveform. However, since a repeater cannot distinguish desired signal from interference and noise, a repeater typically does not improve the network capacity. 
A relay is a smarter repeater that regenerates and amplifies only the relevant parts of the received signal based on the subset of users targeted by the relay. Hence, there is no noise/interference enhancement due to relay compared to the repeater. A dense relay deployment will not only improve the SINR for edge UEs, but also offer capacity increases through cell-split on the access link subject to the backhaul constraint. 

RF isolation issues are well known for repeater deployment. Since a repeater needs to amplify and transmit the received waveform without a substantial delay (e.g., within CP length), a fraction of the retransmitted waveform will leak into the repeater receiver and cause positive feedback. In order to maintain stability at the repeater, the repeater gain is limited by the transmit and receive RF isolation. Large transmit/receive isolation implies large device size and higher hardware and installation cost. Besides the RF isolation issue within a repeater, the placement of multiple repeaters also needs to be carefully planned in order to avoid inter-repeater stability issues.
By contrast, since a relay can reprocess and retransmit its received signal without the delay constraint, an in-band relay is not constrained to transmit and receive simultaneously on any given frequency.  This leads to reduced size/cost and higher allowed transmit power, thereby resulting in even better coverage/performance than a repeater.

2.2
Transparent Relaying vs. Explicit Relaying
In a transparent relaying scheme, a relay enhances the UE and eNB link through the following procedures

1. Relay decodes the transmission from the source in early HARQ transmissions, 

2. Relay intercepts the ACK/NACK feedback from the destination, 

3. If NACK is detected, the relay regenerates and transmits signal waveforms for subsequent HARQ transmissions.

4. The destination combines the signal from both the source and the relay in later HARQ retransmissions. 

In an explicit relaying scheme, a relay decodes the transmissions from the source, sends ACK/NACK to the source, then regenerates and transmits a new packet to the destination. In theory, the transparent relaying scheme has a capacity advantage since the destination could intelligently combine all useful waveforms that contain the signal. However the performance gain is limited by signalling, rate prediction, scheduling limitations and practical deployment scenarios.
In the previous meeting, it was also pointed out there exists a few potential implementation issues for transparent relaying:
1. Due to the multiplexing of data and control signals, it would be hard for a relay to predict the retransmission waveform from the source. This issue applies to both UL PUSCH/PUCCH multiplexing, DL PCFICH prediction and PDSCH allocation prediction. Asynchronous or adaptive HARQ also adds to the problem.
2. Considering that a relay may need to serve multiple UEs, a transparent relaying scheme may impose significant scheduling constraints to avoid transmitting and receiving in the same band at the same time.  
3. A transparent relay will not be able to independently power control the UEs in its neighbourhood, which could result in significant jamming from nearby UEs. This would degrade the coverage and reliability of a transparent relay.
4. A transparent relay’s intermittent RS signal transmission over different subframes and portions of subframes may lead to degraded UE channel estimation performance and incorrect UE channel quality reporting. Clearly, a transparent relay does not always transmit signals on all subframes, which results in inter-subframe RS variation. A relay also has to monitor the TDM control symbols of the anchor eNB even in the subframes that it serves an UE. This implies that the transparent relay would not be able to transmit the reference signal in the first few OFDMA symbols.
2.3 TDD Relaying vs. SDD Relaying 
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Figure 1. Subframes for TDD and SDD relaying.
The focus of this discussion is how the backhaul (eNB-relay) link and access (relay-UE) link may be duplexed. We consider two options, namely TDD relaying and SDD relaying. TDD relaying means that the backhaul link is scheduled in a different subframe from the access link. On the other hand, SDD relaying implies that the backhaul link and access link may be active at the same time, but using different subcarriers . As shown in Figure 1, the backhaul and access links are aligned such that a relay is always in the same transmitting or receiving phase over both links.
In an FDD system, the relay could transmit and receive simultaneously given the DL and UL frequency separation, where the relay has simultaneously active backhaul and access links. For the rest of the section, we’ll focus on TDD and SDD relaying in a TDD system.

In a TDD system, one frequency band is used for both DL and UL traffic, where the transmission and reception periods alternate within each eNB or UE.  SDD relaying has some limitations compared to the TDD alternative in the following areas:

[image: image2]
Figure 2. Relay experiencing different received power levels from eNB and UE.
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Figure 3. Strong inter-cell UE-UE interference.

1. With SDD, relays may experience substantially different power levels when receiving from both an eNB and a UE in the same OFDM symbol. The power imbalance may cause performance degradation at the relay receiver as shown in Figure 2. Furthermore, the UL transmission of UE could also desense the DL reception of a neighboring UE as shown in Figure 3 if the two UEs are in close proximity. Same issue holds for eNB to eNB jamming.
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Figure 4. Strong interference at UE due to frequency partitioning misalignment.
2. By allocating some subcarriers to the backhaul link and the rest to the access link, eNBs are required not only to have coordinated partitioning of the backhaul and access link in time, but also in frequency. Any frequency partitioning misalignment between eNBs would mean that the eNB-relay DL could cause significant interference to the relay-UE UL in a neighboring cell. Similarly, eNB-relay UL could also interfere with relay-UE DL as shown in Figure 4.

[image: image5] Figure 5. UE-relay UL interfered by legacy TDM control symbols.

3. As depicted in Figure 5(b), the legacy TDM control transmitted by eNBs span entire OFDM symbols, meaning that SDD is not possible over these OFDM symbols. In the case where the eNB-UE DL share the same channel as the eNB-relay DL, the UE-relay UL may have to puncture the TDM control symbols, leading to further complications. 
2.4
Interference Management for Relays

In this section, we discuss some of the interference conditions arising from the introduction of relay nodes in a macro network. We also discuss how some of the techniques introduced in support of heterogeneous deployments in [4] and [5] are useful in the context of relay deployments.
Some of the interference scenarios that can occur in a relay deployment are: 

· Interference from relay node to UE being served by macro eNB: As summarized in [3] and [4], a UE connected to a relay node uses up bandwidth both on the access link as well as on the backhaul link. In this case, an appropriate serving cell selection strategy will have to take the backhaul link of the relay into account, i.e., it is not always optimal to connect to the cell with the highest received power. For example, consider a case in which a UE is placed between a macro eNB and a relay, i.e., the macro to UE link is stronger than the macro to relay link. In this case, it is preferable for the UE not to connect to the relay even if the received power from the relay is stronger than that from the macro eNB. In such a situation, the UE would see strong interference from the relay node while being served by the macro eNB. 
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Figure 6. Interference from relay node to UE being served by macro eNB.
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Interference from macro eNB to UE being served by relay node: Since a relay node will typically have significantly lower transmit power as compared to a macro eNB, it can take advantage of the range expansion feature described in [5]. To elaborate, it may be desirable for a UE to connect to the relay eNB even if the received power of the relay node is lower than that of the macro eNB. This would be the case, for example, if the relay node has a very good backhaul link and if the path loss between the UE and the relay node is better than the path loss between the UE and the macro eNB. In this case, in the absence of interference from the macro eNB, the relay node can serve the UE while causing significantly less interference per bit to the network as compared to the case when the UE is served by the macro eNB. Moreover, multiple relay nodes can simultaneously use the bandwidth vacated by the macro eNB, thus creating cell-splitting gains on the relay -> UE link. The deployment of relay nodes in such a configuration can therefore provide significant capacity benefits to the network. However, this configuration also results in the UE seeing strong interference from the macro eNB.
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Figure 7. Interference from macro eNB to UE being served by relay node.
· Interference between two relay nodes: The above two scenarios describe strong interference seen at the UE from either the macro eNB or the relay node. Other interference conditions are created by the presence of multiple relay eNBs close to each other [3]. In this case, one relay eNB may be transmitting on the DL frequency band (to a UE) while another relay eNB may be receiving on the same frequency band (from the macro eNB). The transmitting relay may have a much stronger signal than the macro eNB at the receiving relay. Similar conditions may occur on the UL frequency band where one relay eNB may be receiving (from a UE) while another is transmitting (to the macro eNB). 
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Figure 8. Interference from relay node 2 to relay node 1.

Operation in the scenarios described above yields significant capacity benefits for the network. However, these scenarios also imply operating conditions where the interference power seen at a UE or a relay node may be substantially larger than that of its serving eNB. In other words, the UE or relay node will see highly negative geometries from its serving eNB. As described in [5], this may necessitate the introduction of acquisition signals and control channel techniques that allow for robust operation in such conditions. Enhanced ICIC techniques will also be needed in order to provide reliable data reception in such conditions.  
3
Conclusion

In this contribution, we discussed some options in relay design for LTE-A and our suggested technology preferences are as following:
1. Prefer relays over repeaters

2. Prefer explicit relaying over transparent relaying

3. Prefer TDD relaying over SDD relaying

Based on the discussions above, following text is proposed to be included in the TR under “9 Relaying Functionality”: 
”Relays offer reduced size/cost and improved coverage compared to RF repeaters. Relays could also potentially offer network capacity enhancement through cell-splitting on the access link subject to the backhaul link capacity constraint.

A transparent relay scheme needs to solve complicated issues with power control, scheduling, control data multiplexing and RS data multiplexing.
An SDD relay scheme needs to solve complicated issues on frequency partitioning coordination between eNBs, joint power control of DL and UL transmissions of the backhaul and access link, and control data multiplexing.”
Finally, we also discussed the interference conditions that can arise in a relay deployment. Techniques which enable operation in such interference conditions should be investigated for LTE-A.
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(b) Conflict with TDM control symbols.





(a) Ideal SDD frame partitioning.
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