3GPP TSG RAN WG1 #56bis






R1-091624
Seoul, South Korea, March 23ed – 27th, 2009
Agenda Item:

15.3
Source:
Vodafone, CMCC, CHTTL, Alcatel-Lucent, Alcatel-Lucent Shanghai Bells, CATT, HTC, ITRI, ZTE
Title:
Use cases of Type II Relay
Document for:

Discussion
1. Introduction
Text proposals using MBSFN subframe for Relay and the support of Type I relay were agreed in RAN1-56 [8] [9].  The way forward on Relay backhauling was also agreed in RAN1-56 [10].  Other types of Relay are agreed for FFS.  The relay technologies were discussed in RAN1-55bis [1], [2] [3] and RAN1-56 [4], [5], [6], [7]. Type 1 relay defines the relay node with its own Physical cell ID.  Thus, Type I relay does not include the possibility of transparent relay operation defined in 36.814 [11]. The transparent relay in [11] would allow the relay node to provide the UE further enhancement at the cell edge.  Several technologies, such as analog network coding [1] and TDMA code with HARQ operation [5], could not be supported in Type I relay.  In order not to handicap the relay technology in LTE-A system, it is essential to define a Type II relay to support technologies not supported in Type I relay definition.  We discuss the use cases and applications of Type II relay to illustrate the need of new type of Relay to complement the current support of Type I relay.   
2. Discussion of difference between Type II Relay and Type I Relay
Type I relay is supported in LTE-A with description in [11] in the following,  
At least “Type 1” relay nodes are part of LTE-Advanced. A “type 1” relay node is an inband relaying node characterized by the following:

· It control cells, each of which appears to a UE as a separate cell distinct from the donor cell

· The cells shall have its own Physical Cell ID (defined in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …

· In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node

· It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 

· To LTE-Advanced UEs, it should be possible for a type 1 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.

The relay node in Type I relay is considered as a separate cell to the UEs.  Type I relay has the advantages of providing cost effective coverage extension to the area with limitation of backhaul or no backhaul, such as rural area, remote islands, historical districts, train/bus/airplanes, and temporary coverage sites. However, it also requires the complete set of eNodeB functions at the relay node and performs mobility managements when the UE moves in and out of Type I relay node coverage area.  Introducing Type I relay for coverage extension is similar to cell splitting, which requires the cell planning and RF optimization similar to the initial configuration of eNodeB.  The other concern of Type I relay is its cost, which is considered to be close to that of an eNodeB.  Thus, it is desired to have new type of relay supported in LTE-A with target of lower cost and for other applications.  

Type II relay should be considered as a complement type of relay system to Type I relay.  The primary objective of Type II relay should be a low cost device.  Type II relay should be capable of serving the UEs transparently without requiring the handover when it moves out of the Relay coverage area.  Type II relay should also provide the coverage extension without the normal cell planning and RF optimization.  The design targets of Type II Relay are in the following, 
· The relay node has same Physical Cell ID as the donor eNB – this will allow the UE to roam between the eNodeB and the relay node without performing handover.  
· Simplified RF/Baseband functions to enhance the cell edge throughput – the objective of this design target is to reduce the cost of the relay node.   
· Transparent Backhauling – the relay node is considered as an UE to the eNodeB with coordination of Tx/Rx and control signaling.  This will minimize the overhead of radio resource used for backhauling to support relay technologies.  
3. Use Cases of Type II Relay

Type-II relay are primarily used for enhancing the cell coverage and improving cell edge throughput as the complement relay type to Type I relay.  The use cases for Type II relay are discussed in the following

3.1 Enhancement of Cell edge coverage
· Remove the coverage hole –
One of main objectives for the design of relay functions in the LTE-A is to remove the coverage hole.  The eNodeB deployment and cell planning target to cover large fraction of cells (e.g., 95%). There are always coverage holes in the system deployment.  The relay technologies provide the best complement to remove the coverage hole.  Since Type I relay is another cell and requires cell planning in the deployment, it is a great challenge to remove most of coverage hole.  Type II relay could be designed as a radio enhancement device without cell planning since the relay node has the same Physical Cell ID as that of the donor cell.   
· Extended coverage at indoor environment - overcome bad RF reception
The indoor coverage is one of the challenge tasks in the wireless system deployment.  The indoor environments are characterized by large penetration loss through walls and large multi-path delay.  It is difficult for operators to take of every corner in the indoor environment.  Type II relay could be used as the relay device to cover the small area of any indoor environment without further cell planning and RF optimization.  This is difficult to be supported by Type I relay.  
3.2 Improving cell edge throughput 
The other target of Type II relay is to improve the cell edge throughput.  The relay technologies could provide additional improvement of cell edge throughput in addition to the ICIC and CoMP technologies using for the eNodeBs.  Since Type I relay is another cell, it would be challenged to provide additional improvement of cell edge throughput.   The use cases for Type II to improve the cell edge throughput are as follows,
· Enhanced the penetration in high rise building – 
The high rise building has a large indoor coverage area with large penetration loss through great amounts of walls.  It is also difficult to plan a cell or remote radio head in any indoor environment.  The relay technology provides a radio repeater with enhance functionalities in extending the indoor coverage as well as improving cell edge throughput without additional cell planning.  One of the target in the design of Type II relay is to improve the cell edge throughput, in particular in the indoor environment.
· Large Hotspot area –
Large hotspot area, such as bus/train stops, airports, and meeting/conference rooms, is the area to be covered by multiple cells to serve large amounts of UEs.  The cell edge throughput could not be completely accommodated by Type 1 relay.  Type II relay could be designed to cover the small corners of large hotspot area for enhancement of cell edge throughput.   
· Campus environments – 
College campus has broad range of coverage but difficult tasks of finding the cell sites to install many eNode B.  Type II Relay provides best alternative to reach each corner in the campus without the strong concern of cell sites allocation. 
· Large Corporate – 
The corporate environment has the limitation of deployment due to its large size of employees and strong security measure for the communication.  Type II relay could be a solution to improve the RF coverage in large corporate without the security concern.  It also 
· Tunnels/Bridge/stadium –
The RF repeater is used for coverage enhancement in tunnels, bridge, and stadium.  Type II relay could be the alternative to the RF repeater for the throughput enhancement and coverage extension without handover when in and out of tunnels, bridges, and stadium, which is the limitation of Type I relay.  
4. Conclusion
This discussion paper addresses the use cases of new Type II relay. Type II relay is considered as the complement to the Type I relay to extend the cell edge coverage and improve the cell edge throughput.  
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