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1. Introduction
Way forward on Type II Relay was agreed in [1] in RAN1-57 based on the defined Type II relay framework for evaluation in [2] in RAN1-56bis.  In [1], Type II relay is defined as relay technologies that the Relay Node (RN) does not has its own Physical Cell ID.  The implication of Type II relay definition is that the relay node could be transparent to the UEs, in particular Rel-8 UEs, when the UEs are under the coverage of the Relay Node.  Since the Relay Node in Type II relay is transparent to the UE, the Relay Node would provide the service to the UEs at the extended range of coverage area or throughput performance enhancement at the cell edge.  The use cases of coverage extension and cell edge throughput enhancement in [3] illustrates possible applications and scenarios of Type II relay technologies as the reference to the operators in technology selection of the LTE-A system deployment.  Discussions on Type II design issues in UE mobility, eNB-RN coordination, scheduler complexity, and link adaptation are shown in [4].  The resource reuse and UE grouping for Type II relay are discussed in [5].  [6] analyzes the tradeoff of different Type II design alternatives in CRS and DL control channels.   Practical considerations were pointed out in [10] to stress the importance of the cost effective design in relay functionalities and site acquisition in the evaluation of LTE-A technologies.  The functional distribution for L2 relay has been discussed in [7].  In [8], the general aspects of L2 relay in coherent demodulation, control signaling, HARQ operations, and coordinated scheduling were discussed.  The performance analysis of L2 relay in comparison to the Type I relay has been shown in [9] to outline the performance advantage of cooperative relay.  Use cases and performance results have shown the viable Type II relay being a viable technology for the LTE-A.  This paper presents the system design frameworks to support Type II relay operations and its implicit support of release 8 UE.  
2. Generic Relay Operations and Characteristic of Type II Relay
The Relay Nodes relay the information between the eNodeB and the UEs through two wireless links, eNB-RN and RN-UE, as shown in Figure 1.  The complexity of Relay Node functionalities depend on the type of relay.  For Type I relay, the relay node has its own physical cell ID.  The relay node creates its own cell and coverage area as shown in Figure 1.  The eNB-RN link in Type I relay is considered as the wireless backhauling.  New U- and C-plane protocols of eNB-RN interface need to be defined to data transport and control signaling.  The new protocols of eNB-RN interface would be similar to the combination of the S1 interface for data routing and control and X2 interface for data forwarding and handover.  The RN-UE interface in Type I relay is exactly the same as the air interface protocol of current Rel-8 eNB-UE interface since the Relay Node is considered as a separated cell with its own physical cell ID.   
Type II relay is characterized by relaying information implicitly to the UE since the relay node does not have its own physical cell ID.  The relay technologies of implicit information relaying include amplify-and-forward, decode-and-forward, compress-and-forward, and other joint coding schemes. The amplify-and-forward scheme is generic referred as the L1 or Advanced L1 relay.  The relay node amplifies the received signals and forwards it to the destination for coherent combining.  It requires the reception and transmission in the same time.  The in-band access backhaul partition [13] is agreed to avoid supporting the option of expensive antenna isolation.  The amplify-and-forward type relay scheme would not be supported in LTE-A with the agreed in-band TDM option in the access backhauling.  Thus, Type II Relay is generally referred to decode-and-forward or compress-and-forward type relay scheme, where the Relay Node decodes the received coded blocks from the source and re-encodes or compresses the code blocks to forward to the destination.  The decode-and-forward type Relay is designed to take advantage of performance gain from the static channel of eNB-RN link and a less propagation loss in the RN-UE link.  The performance benefit of Type II decode-and-forward or compress-and-forward relay have been shown in literatures and contributions [11].  This paper discusses the system design issues in supporting Type II relay in LTE-A.  
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3. Cooperative Type II Relay Operation 
The cooperative Type II relay is to coordinate Tx/Rx between eNodeB and Relay Node to maximize the performance in both uplink and downlink.  In order to have full cooperation in Tx/Rx, the UE should be able to receive the control channels from eNode B all the time.   Thus, the Relay Nodes have overlapped coverage area with some part of eNodeB coverage area in Type II cooperative relay as shown in Figure 2.  The eNodeB and the Relay Node would have collaborative transmission and reception in the overlap coverage area.  The objective of cooperative Type II relay is to improve the DL and UL spectrum efficiency through cooperative Tx and Rx between the Relay Node and eNodeB.  
The difference between Cooperative Type II and Type I relays is the coverage area as shown in Figure 1 and Figure 2.   Type I relay in Figure 1 shows that the relay nodes locate at the boundary of the donor eNodeB and have their own coverage area.  The UE needs to perform handover procedure when it moves cross the coverage area between donor eNodeB and the relay node or between two relay nodes. Since the Relay Node coverage area is part of eNodeB in cooperative Type II relay, there is no additional procedure required for the UE when a UE moves between the coverage area by eNodeB only and the overlapped coverage area.  In cooperative Type II relay, it requires the coordination between the eNodeB and the Relay Node to detect if the UE is in the overlapped coverage area.  Further coordination in DL transmission and UL reception are required for performance improvement in the overlapped area.
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Figure 2: Coverage area of Cooperative Type II Relay for enhancing cell edge throughput
3.1 Coordination between eNodeB and Relay Node for Cooperative Type II Relay
Cooperative Type II relay requires coordination between the eNodeB and Relay Node in system configuration, operation, resource allocation to optimize the system performance.  The coordination includes the UE mobility detection, DL transmission and UL reception.  System design issues of cooperation between the eNodeB and the Relay Nodes are detailed in the following,  
· Coordination in the detection of the UE mobility – The Relay Node need to assist the eNodeB to determine if the UE is in the overlapped coverage as in Figure 2.  The Relay Node could detect the UE PUCCH, PUSCH, or SRS transmission to determine if the UE is in its coverage area. A simple threshold detection algorithm could be done for the received SIR of PUCCH/PUSCH/SRS in the following.  
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The thresholds of PUCCH detection (TPUCCH), PUSCH detection (TPUSCH), or SRS (TSRS) could be set for each Relay Node based on its coverage area and provisioned in the E-UTRAN system initialization. More sophisticate algorithms for the UE mobility detection could be done and are FFS.
· Coordination in DL transmission – The coordination in DL transmission includes the coordination in DL system configuration, resource allocation, and parameters and methodology for performance optimization in cooperative Type II relay.  
· Coordination in Tx power and interference coordination – The DL transmission power needs to be coordinated to keep the same coverage area and to control the inter-cell interference of PDSCH to other cell as shown in Figure 2.  The UE received averaged SIR from both the eNodeB and the Relay in RS, control channels, synchronization channels, and DL shared channels should be the same as that from the eNodeB only at the cell edge.  The UE cell search behavior will depend on the transmission power distribution of synchronization channel between the eNodeB and the Relay Node.   The design target of the synchronization channel power distribution intends to keep the same behavior of UE cell searching comparing to that without the Relay Node.  
The proposed scheme of the power distribution of the synchronization channels in cooperative Type II relay is to keep the transmission power of the synchronization channels at the eNodeB and null transmission of synchronization channels at the Relay Nodes.  Same principle should apply for the cell-specific RS, and control channels.  The power distribution of PDSCH between the eNodeB and the Relay Nodes is the subject for performance optimization and depends on several factors in the following
· Location of the Relay Node – path loss factors to the UE from the eNodeB and the Relay Node

· Joint transmission scheme – joint encoding, progressive encoding, or independent encoding.

· CQI/PMI/RI Feedback scheme - joint feedback, parallel feedback, or single feedback based on cell-specific RS only.

· Coordination in scheduling decision and resource allocation – For cooperative Type II relay, the DL/UL schedulers locate at the eNodeB only.  There is no scheduler at the Relay Node.  In order to have cooperative transmission, all parameters in the DCI formats in PDCCH need to be communicated from the eNodeB to the Relay Node in advance before the scheduled transmission.  
· Coordination in CSI feedbacks for joint transmission – The UE measurements for CQI/PMI/RI report are based on the cell-specific RS.  In cooperative Type II relay, a new mechanism need to be defined in order to allow the UE to feedback the CQI/PMI/RI for joint transmission from the eNodeB and the Relay Node.  The new mechanism depends on the RS design and its transmission power distributions.  
· Coordination in UL reception – The Relay Node would take advantage of the superior RN-UE radio link to assist the eNodeB in UL signal processing with target of improving the data rate in Type II relay coverage area.  The Relay Node needs to provide the CSI of RN-UE radio link to the eNodeB scheduler for UL radio resource allocation and MCS selection in order to make use of the benign radio channel condition.   
· Coordination in UL channel quality estimation – Once the Relay Node detects the UE is in its coverage area, the Relay Node needs to perform the CSI estimation from the configured SRS transmission all the time.  The UL scheduler at the eNodeB will combine the CSI estimate of RN-UE radio link and its own CSI estimate of eNB-UE radio link to determine the UL radio resource and MCS.  
· Coordination in UL power control – The cooperative Type II relay also has the benign property of small path loss in the RN-UE link.  The Relay Node needs to assist the eNodeB to set up the proper control parameter along with the MCS selection to optimize the UL performance. 
· Decode-and-forward/compress-and-forward – In cooperative Type II relay, the scheduling strategy is to select the MCS based on the CSI of RN-UE radio link to maximize the data throughput when the UE in the Relay Node coverage area.  Since the radio channel of eNB-UE link is generic worse than that of RN-UE link, the Relay Node would decode the UL data successfully before the eNodeB in cooperative Type II relay.  Thus, the Relay Node would forward the successfully decoded packets to the eNodeB.  The decode-and-forward scheme is that the Relay Node will decode each UE’s UL data and forward back to the eNodeB. The MCS selection and resource allocation of the data transport in the RN-eNB link is per UE in the decode-and-forward scheme.  The compress-and-forward scheme is to select MCS and resource allocation of the aggregated traffic from multiple UEs for data transport in the RN-eNB link.  
3.2 DL Access Control for Cooperative Type II Relay
The DL access control includes the configuration of synchronization channels, PBCH, PDCCH, and PHICH.  The primary and secondary synchronization channels are used for UE initial cell search.  The PBCH contains the master information block of the broadcast information for the UE to access all system. The PDCCH contains DL and UL scheduling information.  All DL access control channels are confined by the coverage issues similar to the RS design.  The proposed configuration of the DL access control for cooperative Type II relay is to transmit the synchronization channels, PBCH, PDCCH, and PHICH from the eNodeB only and no transmission from the Relay Node.  The UE would access the DL control channel same as non-existence of the Relay Node in cooperative Type II relay.  The proposed configuration simplifies the coordination of DL access control and support Rel-8 UE implicitly.  In this configuration, it does not require the configuration of MBSFN subframes for faking no transmission for relay node reception from the eNodeB, which is required in Type I relay.   
· Control Signaling on R-PDCCH – The new physical control channel R-PDCCH to communicate between the eNB and RN has been agreed in [14]. The control signaling in cooperative Type II relay is to coordinate the mobility detection, DL transmission, and UL reception between the eNodeB and the Relay Node.  The resource allocation for the eNB-RN control signaling could be pre-configured or access on demand for efficient signaling control. The control singling information in the new C-plane protocol of eNB-RN interface includes, 

· DL/UL scheduling information.

· DL PDSCH Tx power at the eNB 
· DL HARQ information - NDI, Redondancy Version.  
· UL HARQ information - A/N results from RN

· UL CQI/PMI/RI estimate of the RN-UE link from the Relay Node

· UL power control information for RN-UE 
3.3 RS to Support Cooperative Type II Relay

The RS transmission power in the cooperative Type II relay needs to be coordinated to maintain the same coverage area as shown in Figure 2.  The proposed solution for cooperative Type II relay is to maintain the coverage area from the eNodeB by keeping the same Tx power of the eNodeB cell-specific RS Tx and no transmission of cell-specific RS from the Relay Node.  This would allow the UE to perform the same RSRP/RSRQ measurements and handover procedure as the E-UTRAN system without the Relay Nodes.   
· RS for PDSCH demodulation – It would not be sufficient for PDSCH demodulation using cell-specific RS when the eNodeB and the Relay Node jointly transmit and encode to the UE in overlapped coverage area.  The proposed solution is to configure the antenna port 5 UE-specific RS in the PDSCH to assist the UE performing channel estimation when the Relay Node collaboratively transmits with the eNodeB as proposed in [4].  
· Support of Rel-8 UEs – The Rel-8 UEs are supported implicitly since the Relay Node does not transmit the cell-specific RS.  If the Rel-8 UEs support the UE-specific RS, which is optional for the Rel-8 UEs, the E-UTRAN could perform cooperative transmission for the Rel-8 UEs.  The UE-specific RS should be configured as the RS of the DL coherent demodulation.  If the Rel-8 UEs do not support the UE-specific RS, the E-UTRAN would perform the DL service directly from the eNodeB only.  The Rel-8 UE would not be aware of existence of any Type II relay nodes in the system.   

· RS for CSI feedback – The UE measurements for CQI/PMI/RI report are based on the cell-specific RS.  The proposal is to transmit the cell-specific RS from the eNodeB.  Thus, the CQI/PMI/RI measurement does not include the desired channel state information feedback of the cooperative transmission from the eNodeB and the Relay Node.  The proposed solution of the channel state information feedback for joint eNB-RN transmission is the UE measuring the CSI information from the UE-specific RS during the joint PDSCH transmission. The CSI information of joint transmission could be fed back through asynchronous CQI/PMI/RI report mechanism through PUSCH.  This will allow the DL scheduler to collect the desired CSI for resource allocation, MCS decision, and transmission mode selection in joint eNB-RN transmission.  
3.4 HARQ processing and timing in Cooperative Type II Relay – 
3.4.1 DL HARQ processing and Timing
The HARQ operation in cooperative Type II Relay is a decode-and-forward operation.  The eNB performs the 1st DL HARQ transmission.  Both the Relay Node and UE receive the 1st transmission packet.  The cooperative Type II decode-and-forward scheme is designed to allow the Relay node to decode the 1st transmission correctly by taking advantage of the superior and static radio channel condition in the eNB-RN link. The Relay Node will send an ACK back to the eNodeB through the control channel of eNB-RN C-plane protocol.  The design of the MCS selection in cooperative Type II relay is based on the CSI of RN-UE link.  Thus, the eNodeB could assist the UE in the retransmission if the UE does not decode the 1st HARQ transmission successfully.  The UE will send a NAK back to both the Relay Node and the eNodeB as shown in Figure 3.  Thus, the Relay Node will re-encode the packet and send to the UE.  In the mean time, the eNodeB will send the retransmission packet to the UE.  The UE will have superposition of retransmission packets from the eNodeB and the Relay Node.  Since the resource allocation and scheduling decision is primarily based on CSI of RN-UE link, the probability of successful decoding of the retransmission packets in the HARQ decoding is much higher.  Thus, the UE would terminate the HARQ decoding earlier and obtain the early termination gain in the cooperative Type II relay.  
Several different coding schemes, such as analog network coding, TDMA code, chase combining; have been proposed for the re-encoding in the Relay Node to optimize the DL data throughput.  It is FFS to study the performance of different joint coding scheme.    
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Figure 3: DL HARQ timing in cooperative Type II Relay
3.4.2 UL HARQ processing and Timing
The UL HARQ operation in cooperative Type II Relay targets the Relay Node to decode the UL transmission successfully first and then forward or compress-and-forward to the eNode B.   The eNodeB and the Relay Node receive 1st UL HARQ transmission and perform the decoding in the same time.  The cooperative Type II relay is designed for the Relay Node to decode the packet successfully before that at the eNodeB.  The Relay Node will send the ACK through the control channel of eNB-RN link.  Since the eNodeB needs to send the ACK/NAK feedback 3 ms after the reception of the UL packet, the eNodeB has to send the NAK to the UE and the Relay Node send an ACK back to the eNodeB in the same time as shown in Figure 4.  The UE will retransmit after receiving the NAK.  It will then receive the ACK later since the eNodeB has received correct data from the Relay Node a few subframes beforehand in Figure 4.

The example in Figure 4 shows that the Relay Node decodes the packet successfully and forwards it to the eNodeB afterward.  If the Relay Node does not decode correctly, the Relay Node could also forward the channel compensated soft bits to the eNodeB for the IR combining of next retransmission. This will also help the eNodeB to early terminate the HARQ operations. The proposed scheme is considered as progressive decoding in the cooperative Type II Relay.
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Figure 4: UL HARQ timing in Cooperative Type II Relay 

4. Non-Cooperative Type II Relay Operation

The non-cooperative Type II relay has the Relay Node to relay the information without joint transmission or reception between the donor eNodeB and the UE as shown in Figure 5.  The non-cooperative Type II relay is designed to extend the coverage to the dead spot area, where the UE could not receive the eNodeB signals all the time.  The Relay Node is designed to have almost disjointed coverage area to that of the donor eNodeB as shown in Figure 5.  Since Type II relay does not have its own cell ID, the UE will consider the Relay Node as the eNodeB and could not distinct the difference between them.  The Relay Node is considered as a slave to the eNodeB and to have functions similar to the eNodeB.   
In comparison with Type I relay, the non-cooperative Type II relay provides implicit coverage extension feature without cell planning and handover support.  Since the relay node intends to extend the coverage outside the eNodeB coverage area in non-cooperative Type II relay, the Relay Node would receive the DL information from the eNode B and pass it to the UE.  The Relay Node would also receive and decode the UL information from the UE and pass it to the eNodeB.  
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Figure 5: Coverage area of non-cooperative Type II Relay for coverage extension
4.1 Information exchange between eNodeB and Relay Node for non-cooperative Type II Relay

There is no coordination required between the donor eNodeB and the Relay Nodes in non-cooperative Type II relay since each has its own coverage area.  The information exchange between the donor eNodeB and the Relay Nodes is required for effective system operation.  Since the Relay Node has its own coverage area in non-cooperative Type II relay, all the control channels information and reference signal need to be configured at the Relay Node as well. No coordination of the transmission power is needed.  The exchanged information between the eNodeB and the Relay Node in the non-cooperative Relay are in the following:
· UE mobility Information - The Relay Node needs to assist the eNodeB to determine if the UE is in its coverage area as shown in Figure 5   Since the UE could not hear the eNodeB all the time in the non-cooperative Type II relay, the Relay Node should help the eNodeB to determine if the UE is in its area by detecting the UE UL PUCCH/ PUSCH/SRS transmission.  The UE mobility detection could be simple threshold detection similar to that described in section 3.2.  The Relay Node would inform the eNodeB through eNB-RN control signaling once it detects the UE is under its coverage area.  
· Information on the eNodeB scheduling decision and resource allocation – The DL/UL schedulers locate at the eNodeB only for Type II Relay.  There is no scheduler at the Relay Node.  The eNodeB needs to pass the scheduling decision and resource allocation for the UE under the Relay Node coverage through the control channel of eNB-RN interface at least one subframe advance in time.  The eNodeB and the Relay Node will transmit the PDCCH in the same time for all the UE to receive it.  

· Information of Channel State Information in the RN-UE link – The Relay Node needs to provide the CSI of RN-UE radio link to the eNodeB scheduler to assist the eNodeB to perform radio resource allocation and MCS selection in non-cooperative Type II relay.  The UE measurements for CQI/PMI/RI report are based on the cell-specific RS.  In non-cooperative Type II relay, the Relay Node receives CQI/PMI/RI report from the UE under its coverage and forwards them to the eNodeB through the eNB-RN control channel.  
· Information of UL channel quality estimation – Once the Relay Node detects the UE is in its coverage area, the Relay Node needs to perform the CSI estimation from the configured SRS transmission all the time.  The UL scheduler at the eNodeB will use the CSI estimate of RN-UE radio link o determine the UL radio resource and MCS for the UE covered by the Relay Node in non-cooperative Relay.    

· UL power control – The Relay Node needs to help the eNodeB to set the power control parameter base on the path loss in the RN-UE link and its coverage area in non-cooperative Type II relay. 

· Decode-and-forward/compress-and-forward – In non-cooperative Type II relay, the scheduling strategy is to select the MCS based on the CSI of RN-UE radio link to maximize the data throughput for the UE in the Relay Node coverage area.  Thus, the Relay Node would forward the successfully decoded packets to the eNodeB.  The decode-and-forward and compress-and-forward is similar to those in cooperative Type II relay in section 3.1
4.2 DL Access Control for non-cooperative Type II Relay

In non-cooperative Type II relay, the Relay Node intends to extend the coverage outside the eNodeB coverage area as shown in Figure 5.  The UE will not be able to receive the signals from the eNodeB all the time.  Thus, the DL access control, which includes the configuration of synchronization channels, PBCH, PDCCH, and PHICH, should be transmitted from both the donor eNodeB and the Relay Node.  The PSS/SSS for the UE initial cell search are fixed for each cell and could be configured in the relay node without further communication between the eNB and the Relay Node.  The master information block (MIB) of the broadcast information contained in PBCH would barely change. If the MIB information needs to change, the information could be exchanged in advance through new eNB-RN control signaling.  Thus, the common control channels in non-cooperative Type II relay will be transmitted together from both the donor eNodeB and the Relay Node.
· Control Signaling on R-PDCCH – The new physical control channel R-PDCCH to communicate between the eNB and RN has been agreed in [14]. The control signaling in non-cooperative Type II relay is to communicate the coordination of mobility detection, DL transmission, and UL reception between the eNodeB and the Relay Node.  The resource allocation for the eNB-RN control signaling could be pre-configured or access on demand for efficient signaling control. The control singling information in the new C-plane protocol of eNB-RN interface includes, 

· DL/UL scheduling information.

· DL PDSCH Tx power at the eNB 
· DL HARQ information - NDI, Redondancy Version.  
· UL HARQ information - A/N results from RN

· UL CQI/PMI/RI estimate of the RN-UE link from the Relay Node

· UL power control information for RN-UE 
4.3 RS to Support non-Cooperative Type II Relay

The RS transmission power in the non-cooperative Type II relay could be configured independently since the eNodeB and the Relay Node has its own coverage area as shown in Figure 5.   The transmit power of the cell-specific RS from the Relay Node is determined by the extents of its coverage area.  The cell-specific RS could transmit from the Relay Node all the time even with in-band TDM backhauling without expensive antenna isolation because the cross-interference between the transmitting CRS and received CRS is minimal.   
· RS for PDSCH demodulation – Since the eNodeB and the Relay Node transmits the cell-specific RS all the time; the CRS could be used for PDSCH demodulation in non-cooperative Type II relay.  

· Support of Rel-8 UEs – The Rel-8 UEs are supported implicitly since the Relay Node transmits the cell-specific RS all the time.  

· RS for CSI feedback – The UE measurements for CQI/PMI/RI report are based on the cell-specific RS in the non-cooperative Type II relay.  The Relay Node will forward the CSI information received from the UE to the eNodeB for DL scheduling decision for the UE covered by the Relay Node.   

4.4 HARQ processing and timing in non-cooperative Type II Relay – 

4.4.1 DL HARQ processing and Timing
The DL HARQ operation in non-cooperative Type II Relay is a forward-then-transmit operation.  The eNodeB would send the packet to the Relay Node advance in time through U-plane protocol of eNB-RN link before the 1st DL HARQ transmission. The Relay Node will send an ACK back to the eNodeB through the control channel of eNB-RN once it decodes the packet correctly. The eNodeB will forward the scheduling decision advance in time to the Relay Node before the 1st DL HARQ transmission.  The Relay Node and eNodeB will send out the 1st DL HARQ transmission once the scheduling information and time is received.  The UE will send either ACK or NAK back to both the Relay Node and eNodeB as shown in Figure 6.  Since the Relay Node has the packet, the retransmission could be performed anytime once the eNodeB forwards the scheduling decision and resource allocation information to the Relay Node as shown in Figure 6.  Since the UE might not hear the eNodeB all the time, the UE is primarily served by the Relay Node for all data transmission and ACK/NAK feedback.  
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Figure 6: DL HARQ timing in the non-cooperative Type II Relay
4.4.2 UL HARQ processing and Timing
The UL HARQ operation in non-cooperative Type II Relay relies on the Relay Node to decode the UL transmission successfully and then forward or compress-and-forward to the eNode B similar to that in cooperative Type II relay in section 3.4.2.  The eNodeB might not receive 1st UL HARQ transmission and perform the decoding in the same time.  The non-cooperative Type II relay relies heavily on the Relay Node to decode the packet successfully.  The Relay Node will send the ACK through the control channel of eNB-RN link.  The Relay Node will also send an ACK to the UE through PHICH as shown in Figure 7.
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Figure 7: UL HARQ timing in non-cooperative Type II Relay 

5. Conclusion
This paper discusses the system design issues in supporting Type II Relay in LTE-A.  Type II Relay is characterized by which the relay node does not have its own physical cell ID.  The relay node will not create its own cell for Type II relay.  Type II relay could be classified into two categories - cooperative and non-cooperative relay.  The cooperative relay is a collaborative operation between the eNodeB and the Relay Node to enhance the cell edge throughput.  The Relay Node relays information transport and control between the eNodeB and the UE in the non-cooperative relay for coverage extension.  This paper details the system design to support both cooperative and non-cooperative Type II relays.   
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Figure � SEQ Figure \* ARABIC �1�: Relay coverage -typical example of Type I relay with relay node containing its own Physical Cell ID and its coverage area
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