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1. Introduction 
Relays have often been employed as low-cost enhancements to improve coverage and to serve users in coverage holes existing in cellular systems. Relays can also be used to improve cell throughout due to increased signal levels for otherwise low-data-rate UEs. Several contributions have discussed Relays for LTE-Advanced [1-5]. References [3][4] provide a good overview of the expected relay functionality from the protocol stack perspective. The purpose of this contribution is to, after the discussion of relay classifications, propose potential focus areas for the Relay study item in LTE-A.   
2. Classifications of Relays  
Various classifications of relays are possible depending on the backhaul mechanism, functionality and transparency to legacy (Release-8) UEs. 
· Functionality: Relays can be categorized depending on their supported functionalities
· Repeaters: A repeater is a simple device that amplifies and forwards the received packets. Although a repeater improves cell-coverage, a major disadvantage is that it does not improve SINR because the input interference is also amplified. What makes repeaters attractive is that they are low-cost and introduce a small additional delay (compared to other relay solutions).  
· Decode-and-Forward Relay: As the name suggests, a decode-and-forward relay first decodes the received packets, and then re-encodes and transmits the packets to the UEs. The decoding and re-encoding mechanism may make the relay more complex and can involve delays larger than the simple repeaters. 
· Full-service Relay: A full-service relay manages connections with the UE, and is responsible for scheduling UE traffic, handling ACK/NACK as well as IP-layer functionalities. A full-service relay node may resemble a regular eNB from the UE perspective. From the eNB perspective, a full-service relay may be subordinate to an eNB (e.g., a macro eNB) in a hierarchical network, or it may indeed be “upgraded” to have full eNB functionality in a peer to peer relationship with other eNB.  Such a status change may be reflected by whether it is assigned a distinct PCID and what the UE handover procedure between Relay and eNB is. It may be very desirable to allow operators to configure the status of a full-service relay (or enable autonomous configuration in a self organizing network) depending on the service needs, propagation environment change, and more importantly, availability of backhaul (discussed next). 
· Backhaul mechanism: The backhaul between a relay (esp. a full service relay) and the core network is indeed an important factor for determining whether to configure a device as a relay or as an eNB (assuming the device is re-configurable for dual purposes). The backhaul between the Relay and eNB can be a fixed wired (e.g., fiber-optic, DSL, etc.), or can be a wireless link using same (e.g., LTE) or a different technology (e.g., microwave) as the eNB-UE link. For example, accessibility to a DSL based backhaul may make it more appealing to configure the device as a home eNB rather than a relay. For other cases without access to wired services, a wireless backhaul is preferable. The wireless backhaul link can be further categorized into in-band (using same or “native” technology) and out-of-band :

· In-band relays: The backhaul link between the eNB and in-band relay shares the same frequency band as the link between eNB and UE and typically employs the same “native” technology (e.g., LTE). It is preferable to develop a native in-band relay solution in LTE-A as there could be deployments wherein the operator has no dedicated carriers to carry only backhaul traffic. Of course, from a spectral efficiency perspective, the in-band Relay-eNB link should support higher efficiency than that of the eNB-UE link to justify the use of in-band resources. In-band relay, in the example of same frequency overlay, can also cause interference to UEs that are located at the edge of Relay service area and eNB service area. So interference coordination is another important aspect that should be studied carefully.
· Out-of-band relays: A separate band is assigned for the backhaul link between the eNB and out-of-band relay and typically can employ different or proprietary technology from the air-interface used in the eNB-UE link. 
· Transparency to legacy UEs: Transparent vs. Non-transparent relays can be defined depending on the characteristics of the link between a UE and Relay. While it is possible to have relays that are transparent to both eNB and UE (such as simple analog repeaters), transparency is usually refers to the Relay-UE link. 
· Transparent relays: The link definition between a transparent relay and UE is same as the eNB-UE link definition. In other words, the UEs are not aware of relays being a distinct entity relative to an eNB. Clearly, this is a requirement if the relays are to be used to serve LTE Rel-8 UEs. A transparent relay is preferred as it also benefits legacy UEs when possible, but legacy support should not be a limiting factor for developing relays for LTE-A.
· Non-transparent relays: LTE-A UEs may be aware of relays being a distinct entity. These relays are referred to as non-transparent. In this case, the air interface definition between the Relay and UE may have no legacy constraint and thus can be designed to be more suited to the Relay-UE link characteristics. Furthermore, non-transparent relays may make the deployment of in-band backhaul simpler.
With the above brief discussion, a good focus area for Relay study can be the enabling mechanism to support a decode and forward or full-service in-band relay. Both transparent and non-transparent relays should be considered with focus on and optimization for LTE-A terminals while bearing in mind legacy Rel-8 support. This does not mean that other areas should not be studied, but the intention is just to propose an initial target of a relay solution to be developed.     

3. Coordination between Relay and eNB
A Relay may have a subordinate relationship, or a peer-to-peer equal status relationship with the eNB. Such a status may be configurable by either operators or autonomously in a Self Optimizing Network (SON). In either case, a well-defined coordination is required between the Relay and eNB. The coordination between the relays and eNB can be categorized depending on the frequency of information exchange and the level of content coordination between eNB and relay.  Of course, coordination may be easier in a subordination relationship as opposed to a peer-to-peer relationship. 
· Frequency of exchange: The level of coordination between relay and eNB is determined by frequency of exchanges between eNB and relay.
· Dynamic coordination: Dynamic coordination is usually associated with very frequent exchanges between the relay and eNB. In this case, the resource allocations can be jointly optimized over the traffic served by eNB and traffic served by relay. 
· Semi-static coordination: Semi-static coordination refers to the case where there are less frequent exchanges between the eNB and relay. Joint resource optimization might not be possible, but the resources can be shared on a semi-static basis. 
· Static coordination: The resource allocation for eNB and relay may be independent. In this case, however, the eNB may still exchange UE-specific data with the relay.

· Content coordination: Content coordination becomes important for UEs that are in the coverage area of both an eNB and RN. 
· Independent transmissions: If all UEs receive packets from either eNB or relay but not both, the content transmission of relay and eNB is independent. If no proper interference management technique is employed, the eNB transmission can interfere with the relay transmissions.
· Constructive transmissions (non-coherent): If the symbol content is synchronized between the relay and eNB, simultaneous transmission can occur for delivering more total transmit power to each UE. This may require a dynamic coordination between the eNB and relay. Clearly, the UE needs to be in the coverage area of both relay and eNB for a meaningful constructive transmission.
· Constructive transmissions (coherent): In addition to symbol content synchronization, further information on downlink channels is available to both relay and eNB. The transmission from eNB and relay can be adjusted to enable coherent combining at the UE. 
· Synchronous vs. asynchronous relays: Synchronous or asynchronous relays are defined depending on whether the relay is synchronized with eNB or not. A synchronous relay can enable capabilities such as content coordination, resource sharing with eNB, etc for interference management. 
After the above discussion, it is noted that synchronous operation (at least quasi-synchronous) between relay and eNB is desirable to enable benefits including potential coordination between transmissions in a multi-point operation [6]. 

4. Conclusion

This document discussed the types of the relay nodes, their features, and benefits. It is proposed that Decode and forward and full-service relays with in-band backhaul are studied for LTE-A. While transparent relay solutions should be considered, non-transparent relays should also be investigated especially in the framework of in-band backhauling. 
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