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1 Introduction

Relay has been discussed in number of contributions from the last meeting [1]-[4]. In those contributions relay is proposed to enhance system throughput, improve cell-edge performance, eliminate coverage holes and extend coverage. In this document, we discuss the possible types of relay and their deployment in different scenarios.
2 Discussion

LTE Advanced has aimed to enhance the performance of wireless access systems at low cost. Relay technology may be a good candidate for this purpose. In previous contributions, three types of relay node have been discussed (L1, L2 and L3) and one or two types of relay are suggested. It may be necessary for LTE Advanced to consider multiple types of relay since different deployment scenarios require different type of relay.

There are a lot of factors impacting actual performance enhancement by deploying relay. For example, the service provided by relay (service to a group of UEs or public), movement of UEs (frequent change of attachment point of UE or not), the cost and etc. 
There is one type of scenario where a group of UEs are served and the range of the movement of UEs is limited and the attachment point of UEs to the network does not change frequently. The examples of such scenarios are home service or service to a group of UEs on a moving vehicle where the movement of UEs are quite limited related to the serving node that means the attachment of UEs to the serving node are not expected to change frequently. A relay node with function of up to L3 is preferred to provide service in such a scenario since the resource management, radio link performance control, QoS and even security service can be locally performed with certain cooperation with eNB.  Such localized resource management will enable fast reaction to link quality change, connection update and etc. Over-the-air signalling overhead would be reduced since the relaying of some of messages between the eNB and a UE can be avoided.  The relay with only L1 or L1/L2 function may not be appropriate since the end-to-end connection, integrity/ciphering and centralized scheduling may not be necessary and waste resource on the link between eNB and relay node.
Another scenario is that higher system throughput is expected and the significant mobility of UEs is anticipated. The UEs served are not necessarily from a specific group as in the first scenario. Under such a scenario, the frequent handovers of UEs across different relay nodes are possible. The link between the eNB and the relay node and the link between the relay and UEs may present significant different characteristics.  For example, the link between the eNB and a relay node may possess a better quality than the link between the relay node and UEs due to the mobility of UEs and the possible different antenna technology applied. Thus a relay node with up to L2 functionality is an appropriate choice. By employing such a relay, the connection, QoS and security are established for a UE on an end-to-end basis (between the eNB and the UE) to avoid frequent UE context transfer among relay nodes while UE performs handover.  At the same time, an independent scheduler, HARQ and link adaptation on these two links are possible and better performance can be expected.  Load balance among relay nodes within a cell can be easily implemented under the control of the eNB. Neither a L1 relay nor a L3 relay enables the above at the same time.
In the above two scenarios, the relay may cost more than a L1 relay node. If the cost is main concern, the simple L1 relay node may be deployed to provide the performance improvement to certain degree. The L1 relay includes RF repeater and decode-forward relay. The latter may require limited L2 functionality.  Centralized resource management, connection establishment and scheduling are required in this scenario.
3 Conclusion 
Different scenario may require different type of relay to achieve expected performance enhancement. Multiple types of relay node may need to be considered by LTE-Advanced in order to provide operators with a larger freedom to choose different type of relay node based on different development scenarios. 
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