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1 Introduction

During the standardization process of LTE-A, relays are being considered. In [1], it is stated that “relaying is considered for LTE-Advanced as a tool to improve, e.g., the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas.” At the RAN1 #56 meeting, it was agreed that at least “type 1” relay nodes are part of LTE-Advanced, where “type 1” RN shall have its own Physical Cell ID (defined in LTE Rel-8) and transmit its own synchronization channels, reference symbols” [2]. For this type 1 relay, there is wireless self backhauling between the donor cell and the relay. At the RAN1 #56bis, it was also agreed that Type 2 relay, which should not have a separate Cell ID, will be further studied for performance and specification impact in LTE-Advanced [3].
In the RAN1 #57 meeting, an initial version of this document [5] was submitted to promote discussion and agreement on the usage model and application for Type 1 and Type 2 relays. This revised document is updated to include additional details on Type 2 relay that were agreed in RAN1#57 [4].
2 Type 1 Relay 

Table 1 shows the WF on Type 1 relay captured from [2]. Based on WF on Type 1 relay, we discuss some usage model and issues for Type 1 relay in this contribution.
Table 1. WF on Type 1 relay

	· It shall appear to a UE as a separate cell distinct from the donor cell

· It shall have its own PHY Cell ID and 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 Type 1 RN and send its control channels (SR/CQI/ACK) to the Type 1 RN
· It shall appear as a Rel-8 eNB to Rel-8 UEs (i.e. backward compatibility)

· How Type 1 RN appear to LTE-A UEs

· It shall be possible to allow a Type 1 RN to appear differently than Rel-8 eNB to LTE-A UEs for further performance enhancement


We discuss and understand on Type 1 relay based on figure 1 as follows
· Type of Relay: At least L2 and L3 Relay

· PHY Cell ID: Donor eNB and Relay have their own PHY Cell ID 
· Transparency: A Relay node will be a non-transparent Relay node to a UE because it has a separate PHY Cell ID and just acts as a separate neighbor eNB (UE-A and UE-B could recognize a Relay as one of neighbor eNBs)
· New cell generation: a Type 1 Relay will create its own cell (neighbor eNB cell)

· Handoff between eNB and Relay: It will definitely happen between eNB and Relay because a Relay has its own PHY Cell ID. And this looks like an inter-cell handoff as a regular handoff operation. UE-A measures the signal strength and quality coming from eNB (eNB-UE link) and Relay (Relay-UE-A link) and then it can select either of them transmitting enough signal to UE-A. If a Relay has preferred signal to UE-A, it will be a target eNB during handoff operation.
· RF parameter setting: Because a Relay has an independent cell, some of RF parameters should be optimized to reduce interference. 
· Control channel generation: A Type 1 relay will generate and transmit its own control signaling such as Synch channel, RS, HARQ and feedback channel etc. as a neighbor eNB.

· Backward compatibility: Because a Type 1 Relay has a separated PHY Cell ID defined in Rel-8, it will appear to a UE as a Rel-8 eNB. 
· Forward compatibility (LTE-A application):  A Type 1 relay can be implemented for Rel-8 and/or beyond Rel-8 which is a kind of forward compatibility. In case of forward compatibility, a Type 1 Relay will appear differently than Rel-8 eNB to LTE-A UEs for further performance enhancement.
· Awareness of Relay: It is not clear in WF on Type 1 relay, but it might be possible that a UE can recognize the node as a Relay itself for further performance enhancement because it is one of forward compatible issues. If this is allowed, a Relay may have its own ID such as a Relay ID as well as a PHY Cell ID
· Cooperative operation with eNB: It can be achieved but it is an inter-cell (eNB and eNB) cooperation such as soft handoff and CoMP transmitting the same data to the UE-A from different system nodes.
· Backhaul utilization: Because a Type 1 relay could be deployed similar to regular eNB, it might be more suitable for coverage extension in terms of backhaul utilization
· Cost: A Type 1 Relay is a scaled down system of eNB but can also act as a neighbor eNB so that it may require full stack of protocol and optimized RF package. Therefore, it may be a relatively higher cost system.
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Figure 1. Relay network configuration
3 Type 2 Relay
Table 2 shows the WF on Type 2 relay captured from [3] and [4]. Based on the WF on Type 2 relay, we discuss some usage model and issues for Type 2 relay in this contribution.

Table 2. WF on Type 2 relay
	· Type 2 relay should not have a separate cell ID and thus would not create any new cell(s)

· Type 2 relay should be able to relay also to/from release 8 UEs

· At least a release 8 UE should not be aware of the presence of a Type 2 relay
· RN transmitting and receiving by TDM in the same UL or DL band of eNB

· For a relay facilitated Rel-8 UE within eNB PDCCH coverage

· It should receive Rel-8 PDCCH/CRS only from eNB

· It should be able to receive PDSCH transmissions facilitated by RN

· Performance is for further evaluation

· Application of Type 2 RN to extend coverage of an eNB cell is FFS


We discuss and understand on Type 2 relay based on figure 1 as follows
· Type of Relay: at least L2

· PHY Cell ID: Donor eNB and Relay have the same PHY Cell ID
· Transparency: A Relay node will be a transparence Relay node to a UE because it does not have an independently separated PHY Cell ID and does not act like a neighbor eNB (UE-A and UE-B could recognize that they have multi path signals from a single eNB)

· New cell generation: A Type 2 Relay will not create its own cell
· Handoff between eNB and Relay: It will not definitely happen between eNB and Relay because a Relay does not have its own PHY Cell ID. And this looks like an intra-cell handoff or transparent handoff operation. 

· RF parameter setting: Because a Relay does not have an independent cell, RF parameters may not need to be optimized to reduce interference.
· Control channel generation: A Type 2 relay may not generate its own Rel-8 PDCCH/CRS,  but it may assist in transmission of PDSCH to UE. 
· Backward compatibility: Even if a Type 2 Relay does not have a separate PHY Cell ID defined in Rel-8, it will appear to UE as a Rel-8 eNB because it acts like a donor eNB
· Forward compatibility (LTE-A application):  It is not clear in the WF on Type 2 relay. 
· Awareness of Relay: It is not clear in the WF on Type 2 relay.
· Cooperative operation with eNB: It may be achieved as a macro diversity gain and combining. It may be applicable to UE-A if eNB and Relay transmit exact same signal at the same time within CP length. This is pure cooperative operation and diversity gain which may be captured from Type 2 relay as a useful usage model.
· A UE (UE-A) in cooperative zone: It should receive control (Rel-8 PDCCH/CRS) channels from eNB only, but it should be able to listen to data channel (PDSCH) from Relay.
· Backhaul utilization: A Type 2 relay may also provide backhaul utilization, but it could be simplified and relatively small scale system in terms of backhaul utilization because it could not provide full utilization as a general eNB
· Cost: A Type 2 relay has a potential to be relatively lower cost because it is a scaled down system of eNB and does not need to have full protocol stack and optimized RF package. The actual amount of cost savings over a Type 1 relay is TBD.
4 Summary
Table 3 shows the comparison table for understanding on Type 1 and Type 2 relay. 
Table 3. Comparison table for Type 1 and Type 2 relay

	Item
	Type 1
	Type 2

	Decision
	R1-091098
	R1-091632, R1-092264

	Type of Relay
	L2 and L3 Relay
	L2

	PHY Cell ID
	Own cell ID
	No cell ID 

	Transparency
	Non transparent Relay node to an UE
	Transparent Relay node to an UE

	New cell
	Create new cell (another eNB)
	Not create new cell 

	RF parameters
	Optimized parameters
	N/A

	HO 
	Inter cell HO (generic HO)
	HO transparently to an UE

	Control Channel Generation
	Generate synch. channel, RS, H-ARQ channel and scheduling information etc.
	A Type 2 relay may not generate its own Rel-8 PDCCH/CRS.

	Backward compatibility
	Support (appear as a Rel-8 eNB to Rel-8 UE)
	Support (able to relay also to/from Rel-8 UE)

	LTE-A  (Forward compatibility)
	Support (it appear differently than Rel-8 eNB to LTE-A UE) 
	??

	Awareness to MS
	??  (>Rel-8 eNB to LTE-A UEs or Relay)
	??

	Cooperation
	Inter cell cooperation
	Intra cell cooperation

	Backhaul utilization
	Higher
	Lower

	Usage model
	Throughput enhancement and coverage extension
	Throughput enhancement, coverage extension FFS

	Cost [TBD]
	Higher
	Lower
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